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Abstract

The growth of digital assets and the underlying technology that underpins them
— distributed ledger technology — has been highlighted by their popularity
amongst retail consumers and general popular culture throughout their
emergence in the last decade. These novel forms of assets and their associated
technology have significantly altered perspectives of many retail investors on
how currency is managed and distributed in the modern technological era.
However, there is still a lack of clarity on if and how large institutions across
the financial services could leverage these assets and technology to their
benefits. This lack of clarity is a key contributing factor to the overarching
research objective of this paper. That being to understand digital assets on a
more fundamental level, with a view to how they may be adopted and leveraged
by organisations across the financial services industry. Existing literature on the
area facilitates a more fundamental understanding of digital assets and
associated processes across chapters 2 and 3, whilst chapter 4 delves deeper into
their use by stakeholders across the financial services industry. Chapter 2
proposes a framework which can be used to classify digital assets and delves
into some of the key detailed information around digital assets in the process.
This framework adds to the existing body of information around digital assets
and given the lack of an existing framework for classifying digital assets
according to their structural properties, provides a useful means of doing so.
Following this, chapter 3 further explores digital assets, but with a focus on their
associated process of conversion called Tokenisation. Tokenisation is examined
by comparing it to the process of digitalisation and a conceptual framework is
derived which can be used to evaluate the suitability of traditional financial
assets to be converted to digital assets through tokenisation. Once the
fundamental concepts around digital assets are thoroughly understood, chapter
4 examines how companies within financial services could leverage these digital
assets within their respective organisations. This chapter uses foresight research
techniques to garner a more future oriented perspective on the application of
digital assets within financial services. Results from chapter 2 show that the
digital asset classification framework could be utilised for classification,

ownership and regulatory purposes, and identifies a core issue for regulation in



the area as being a lack of a consistent framework based on the structure of the
assets themselves. Chapter 3 gives context to the landscape of tokenisation and
demonstrates the importance of organisations considering the suitability of an
asset to the process ahead of tokenising it. Chapter 4 finds that trust is the key
factor to be considered by organisations operating in the financial services
industry if they are to leverage the perceived value that digital assets offer,

detailing ways that organisations could address this in the process.
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1. Thesis Introduction

1.1. Introduction Overview

The first wave of digital assets emerged around 2008 and were commonly referred to
as “cryptocurrencies”. A cryptocurrency is essentially a form of digital currency,
secured using cryptographic techniques. Nakamoto (2008a)‘s paper “Bitcoin: A peer-
to-peer electronic cash system” detailed a new form of asset or “electronic cash”,
which is underpinned by a form of Distributed Ledger Technology called
“blockchain”. It wasn’t until approximately 2014 that digital assets and this underlying
technology started to gain attention in the media. At this point these “alternative
currencies” were touted to have a future but were still in early stages of maturity
(Harvey & Tymoigne, 2015). After 2014, when digital assets started gaining traction
in the media, many digital assets - in particular Bitcoin - saw their popularity increase
(Marr, 2017), particularly among retail investors who used platforms such as Coinbase
and Binance to buy and sell cryptocurrencies. Cryptocurrencies and their associated
capital raising mechanism “Initial Coin Offerings” raised over $5 billion in just under
800 deals in 2017. This was an unprecedented level of investment in a novel asset
given that equity investors deployed just $1 billion in 215 deals across the whole
fintech sector within the same time period (Insights, 2018). Despite this unparalleled
level of retail investment, several ICOs have led to large-scale scams and scandals
and, as a result, the speculative cryptocurrency investment market experienced a

decline (Sedgwick, 2019).

Although the most interested parties in digital assets initially appearing to be just retail
investors, many organisations began to fund research and development projects in the
area with a particular interest in a flavour of Distributed Ledger Technology called
“Blockchain”. Many large businesses across a variety of industries became interested
in this new form of distributed ledger technology (Hackett, 2017) particularly within
the financial services industry. Large financial incumbents such as Nasdaq, J.P
Morgan, Wells Fargo and State Street seemed to be less concerned with
cryptocurrencies such as Bitcoin and Ether, and more interested in the underlying

blockchain technology due to potential benefits an adaptation of the technology could



offer (Hern, 2015; Metz, 2015). In late 2017/early 2018 the speculative cryptocurrency
market experienced a significant crash which caused the price of the most popular
cryptocurrencies to drop by large amounts (Russell, 2017). Despite this crash, many
large financial organisations continued to invest in research and Proof-of-Concept
applications of blockchain with the expectation that it might amend some aspects of
financial services by improving upon process and cost inefficiencies in traditional
finance (Finextra, 2017; Terekhova, 2017). As a result of these efforts, there was an
emergence of a new wave of digital assets or “crypto assets”. Digital assets and
blockchain technology are potentially disruptive forms of technology that may well
change the way financial securities, among other more traditionally illiquid asset
classes, are traded and managed. Recent years have seen the continued evolution of
digital assets, with Central Bank Digital Currencies (CBDCs) becoming a significant
focus of financial institutions (Auer et al., 2022). This shift marks a critical
development in digital asset adoption, as institutions such as central banks now
explore new forms of currency to complement or replace traditional fiat (Carstens,

2019).

This study examines digital assets and their underlying technology blockchain from a
number of alternating perspectives to investigate and determine the feasibility of
digital assets becoming widely adopted as financial assets of the future. The chapters
are all based around a common research objective: to investigate the future of digital
assets within financial services and how they may disrupt the current financial
ecosystem. Due to the lack of a robust method of classifying digital assets according
to their structural properties, the study begins by examining and defining digital assets,
with the goal of creating a framework which can be used to classify digital assets. In
a subsequent chapter, the process associated with the conversion of an asset to a digital
asset is examined. The chapter attempts to determine if this process would be
worthwhile for specific assets and how it may be disruptive for organisations
considering the tokenisation of said assets. Once digital assets inherent properties and
their associated process had been investigated, the focus shifted to determining how
they may impact organisations operating in the financial services industry. More
specifically, the focus is on how the potential introduction of digital assets would
impact future business models of companies in the financial services industry as well

as determining the factors that could enable digital assets. Overall, chapters 2 and 3
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offer potential benefits in specific areas for those working closely with digital assets
and Distributed Ledger Technology (DLT), whereas chapter 4 is a more high-level

investigation of the future of digital assets within financial services.

1.2. Research questions

Based on the areas for research identified, the overall objective of the thesis is to
investigate the future of digital assets within financial services and how they may
disrupt the current financial ecosystem. As this objective is complex and multifaceted
in nature, it is broken down into three separate research questions, all of which
contribute to gaps within the existing body of knowledge for digital assets in financial
services. Each of chapters 2, 3 and 4 have a single research question. Each topic
focuses around a different area pertaining to digital assets with each research question
aligning with the overarching objective by focussing on the future of digital assets in
financial services and their potential to disrupt the ecosystem. The research questions
address gaps in existing research and contribute to the body of knowledge in the
nascent field of digital assets, as well as revealing potential avenues for further
research. Each research question is proposed in its own respective chapter in this

thesis, starting with chapter 2.

Research Question 1: How can digital assets be characterised and classified

according to their properties?

Digital assets are a novel asset type, and as such they do not yet have a consistent
framework for classifying and categorising them based on their structural properties.
There are frameworks which classify these digital assets based on their functions, but
these tend to fall short in that an asset can have different functions at different points
in its lifecycle (Cryptoassets Taskforce, 2018; Finma, 2018; Sec, 2017c). This could
be seen as a significant issue from a regulatory perspective, were digital assets to gain
widespread adoption within the finance industry, as regulatory bodies across
jurisdictions could have inconsistent ways of classifying them. This could essentially
nullify the cross-jurisdictional benefits of their underlying blockchain technology.
This gap is particularly apparent, given how strict regulation tends to be in financial

services.
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With this gap in the classification of digital assets in mind, the research question for
chapter 2 was formulated. The chapter looked at some of the key literature on the areas
of digital assets and blockchain, and in doing so, discovered several common themes
across the literature in the form of structural properties. These were then collated and
used to create the framework that would ultimately be used to classify digital assets

according to their structural properties.

Research Question 2: How does the process of tokenisation impact an asset?

Chapter 3 takes a closer look at the associated process of conversion from an asset to
a digital asset. This process is called Tokenisation and it allows the economic value
represented in assets to be unlocked by converting them into a digital token; this can
then be manipulated in a blockchain environment (Sanghavi, 2018; Wachal, 2018). If
digital assets are to become commonplace in the future and tokenised markets are to
replace traditional financial markets, then the process of conversion of an asset to a
digital asset would have to be one that is efficient and worthwhile for an asset to
undergo. It was this line of thought that brought about further investigation into the

potential impact of tokenisation.

While conducting the literature review, several papers compared the distinct processes
of securitisation and digitalisation with that of tokenisation. These lines of comparison
then made it possible to create a framework that would in theory facilitate the

measurement of the impact tokenisation would have on a non-digital asset.

Research Question 3: How are digital assets perceived and what factors enable digital

assets to change future business models in financial services?

Now that digital assets and their associated process of conversion had been researched,
chapter 4 research pivoted slightly to examine how digital assets and their adoption
may impact the companies operating in the financial services industry. The chapter
maintains this future focus by employing a foresight research methodology and
gathering data from a series of dedicated foresight workshops with industry
stakeholders from different aspects of the financial services industry. The chapter
initially looks at how digital assets are perceived as impacting on future business
models by identifying several digital asset related offerings that could be

commonplace in the future and then using the Business Model Canvas (Osterwalder
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and Pigneur, 2010) to determine what impacts these digital assets could have on
business models of the future. Once these perceived impacts were captured, more
qualitative data from the foresight workshops was analysed to identify key factors
which could impact on the adoption of digital assets. Upon further analysis, this data
allowed the identification of factors that would enable digital assets to change business

models in financial services.

1.3. Study Background

The research conducted as part of this master thesis was conducted in University
College Cork as part of an MSc by Research with the general focus of the study being
in the field of financial technology. The research was carried out from September 2018
to January 2020 in the State Street Advanced Technology Centre (ATC) on the
University College Cork campus. This is essentially a joint research centre run by State
Street Corporation and UCC’s Business Information Systems department to give
postgraduate students a chance to delve into the emerging area of financial technology
through academic research. In the advanced technology centre, guidance and feedback
from the UCC academic faculty was provided at regular intervals on the research being
conducted. State Street provided funding for a dedicated research lab and to contribute
towards some of the research and, in return, insights discovered across the area of
Financial Technology could be used by State Street in practice or published in industry
reports. Regular conference calls took place between the researchers and relevant
personnel within State Street corporation which allowed the researchers to leverage

the industry expertise which these professionals possessed.

The research and industry focus culminated in a series of foresight workshops held in
State Street’s Dublin and London offices respectively in summer 2019. These
workshops were designed and conducted with a focus on the topic of digital assets in
the future of financial services. Moreover, the researcher was given access to an
unprecedented level of seniority and experience for Participants due to the ability to
utilise State Street’s vast array of industry connections across Fintech companies,
financial institutions, legal firms, venture capital firms, and more. This not only was

an enriching and fulfilling experience, but also allowed a unique level of insight to
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which many researchers would not have access to. In addition to this, there were
opportunities for networking with many of these key stakeholders to develop

connections in an industry of particular interest.

Across the 15 months spent in the Advanced Technology Centre, there was regular
engagement with the Digital Products Development and Innovation (DPDI) team in
State Street. This was a team co-located across the Dublin and London offices, the
main function of which within State Street was to engage with and help develop
various digital products that were relevant to State Street business lines. The DPDI
team investigate various financial applications of digital assets and distributed ledger
technology and as such they were a valuable resource. There were regular conference
calls with members of the DPDI team where they would provide subject matter
expertise on the area. This not only acted as a guide towards potential areas of interest
for future research, but also meant there was regular feedback from industry
stakeholders who were actively involved in the area. This added perspective, in

addition to that of academics, was key to the research.

From an academic perspective, the master’s program started by focussing primarily
on establishing and improving research skills which would be applied regularly over
the coming months. The first skill which was discussed was that of conducting
comprehensive and effective literature reviews. Once the ability to conduct effective
literature reviews was established, the identification of research objectives became
possible. Other research skills were developed primarily through writing and receiving
feedback. In addition to this, there were some workshops on topics such as design
science research across the 15 months. This workshop was particularly useful in the

context of chapter 2, where a design science research methodology is used.

Presentations were a regular feature of the time in the Advanced Technology Centre
from the outset. Regular research updates were conducted in the form of presentations
to senior members working in innovation for State Street Corporation. In addition to
this, two onsite presentations in UCC and two more in State Street’s offices in Dublin
were performed. One of these presentations in Dublin was part of their annual
“Innovation Showcase” which was performed in front of approximately 40 in-person
attendees and was broadcast via video conference to State Street’s Frankfurt and

London offices. It took place after 12 months in the ATC and gave this researcher a
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good platform to present in detail their research and their most significant findings. In
addition to these presentations an invitation was also received to present at Financial
Inclusion & FinTech Conference in SOAS University of London in April 2019 where

the research was well received by academics and those working in the industry.

1.4. Individual Contribution in a Team Research Centre

Some of the literature and data gathering work that was used in this thesis was
conducted as part of a broader research team within the State Street Centre. My
research began in the broad topic of digital assets, along with several other students.
Chapters 2 and 3 of this thesis draw on this early collaborative work (however I remain
responsible for the content of chapters 2 and 3 as submitted). Likewise, data in chapter

4 was gathered primarily through team run events, but the chapter remains my work.

1.5. Research Methodology Overview
1.5.1. Concept Centric Matrix

A comprehensive and systematic literature review was conducted for each of the
research chapters outlined in this study. This was undertaken in line with techniques
outlined by Webster and Watson (2002). A Concept Centric Matrix (CCM) was one
of the more prevalent research methodologies utilised throughout the course of this
entire study. The CCM was utilised in chapters 2 and 3 broadly as a means to collate
and classify a significant amount of literature on the areas of digital assets and
distributed ledger technology. The CCM was chosen as an appropriate framework for
collating and classifying literature across both chapters as it allows the researcher to
identify several common concepts across a large amount of literature and therefore
quantify the prevalence of these concepts visually. The CCM tables, which can be seen
in Table 2-4 and 3-1, facilitated the capture of concepts of interest and, in turn, allowed
a relevance assessment of a wide range of literature to a specific topic — in this case
digital assets. The use of a CCM not only allowed the efficient categorisation of

literature based on the overarching topic, but also allowed the identification of outliers
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and the ability to exclude papers that were identified as being out of scope. This
facilitated the refinement of the literature solely to the studies which would add value.
Additionally, the use of the CCM contributed significantly to the findings of this study
by identifying recurring themes across a wide range of literature. These recurring
themes, which are outlined in their respective chapters, would then be used to form

the basis for the creation of the frameworks in both chapters 2 and 3.

1.5.2. Foresight Methodologies

As this study pertains to the future of digital assets in financial services, some future
oriented research methodologies were required to garner a forward looking view on
this area. It was determined that foresight research methodologies would be an
effective means of determining what may lie in the future of digital assets in financial
services as these methodologies generally seek to gather data and make sense of it so
that people can think in different and new ways about the future (Rohrbeck & Kum,
2018).

There were several techniques used, many of which were interdependent as the output
of one technique would be the input for another. The most prevalent future oriented
research techniques implemented were scenario mapping, visioning of paths, and trend
analyses. Trend analysis is a core strategic foresight method, allowing organisations
to systematically identify, assess, and respond to macro and micro trends that might
impact their sector over time. In financial services, trend analysis helps to spot gaps
and rising opportunities (such as digital assets), which informs scenario-building and
future policy decisions (Menke, 2025). Additionally Scenario mapping is an important
foresight technique used here as it’s an effective means of exploring different plausible
futures, especially in dynamic environments like digital assets and financial services
(Van Rooyen et al., 2025). All three of scenario mapping, visioning of paths, and trend

analyses were utilised in chapter 4.

Trend identification and analysis was conducted ahead of the foresight workshop
outlined in chapter 4 with the purpose of identifying key trends in financial technology

and financial services with the aim of spotting gaps that could indicate a higher
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likelihood of digital assets being used in this area. This analysis involved examining
macro trends and micro trends to determine what areas in financial services are in need
of reform. This was particularly helpful as it informed much of the content presented
as part of the foresight workshops. These trends were taken and analysed to map to a
number of potential future scenarios in financial services which involved the use of
digital assets. These scenarios were combined into one, which formed the basis for a
fictional press release dated 10 years into the future; this was provided to participants.
The purpose of this press release was to facilitate and create debate and discussion
amongst workshop participants around the area of digital assets. These techniques
were essentially interdependent and proved to be crucial in provoking workshop
participants to express their own view on where the future of digital assets and
financial services lies. Artefacts which were used across these foresight workshops,
such as the fictional press release, can be found in the appendix at the end of this

document (Section 6.2).

1.5.3. Business Model Canvas

Osterwalder’s Business Model Canvas (Osterwalder and Pigneur, 2010) was a key
research tool used in chapter 4 of this thesis. At a high level, the Business Model
canvas is a managerial tool which enables the user to describe and analyse the business
model of a given organisation. In chapter 4, the business model was not used to analyse
current business models of organisations in the financial services industry, but as a
means of determining the impact that potential adoption of digital assets might have
on the future business models of companies operating in financial services. This was
done by identifying realistic digital asset related offerings and then working with
workshop participants to understand how these offerings would impact organisations
in financial services and how they operate. The identification of these impacts then
facilitated the understanding of the factors that would enable these digital assets to

proliferate in the future.

The remaining research methodologies used as part of this master thesis will be

outlined in more detail over the course of the next few chapters.
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1.6. Thesis Contents

In summary, the following chapters in this thesis will collectively investigate the
future of digital assets within financial services and how they may disrupt the current
financial ecosystem. This research objective was chosen as digital assets and
distributed ledger technology have garnered mainstream attention in recent years and
as such, many financial institutions are experimenting with digital assets to see how
they can leverage them to create value and reduce inefficiencies. Therefore, this

research objective was considered to be one that is both relevant and interesting.

Chapter 2 starts by defining digital assets and exploring the current state of the art in
the nascent field of digital assets and DLT. During this review of the current state, it
was determined that there is a lack of a consistent framework for classifying digital
assets according to their structural properties. The chapter then identifies key
characteristics present in all digital assets which then form the basis for the digital
asset framework. This chapter is of relevance to both academics and practitioners as it
provides crucial context on digital assets and their characteristics. It provides a
framework which could feasibly be used to classify digital assets according to their
properties and make complex information on digital assets more understandable for

non-technical audiences.

Chapter 3 follows this by looking at the associated process of conversion of an asset
to a digital asset: tokenisation. More specifically, the chapter explores the effect that
tokenisation might have on assets that undergo this process. It also explores the level
of disruption that tokenising assets of such a type would have on the wider market for
organisations using them. It explores this by examining the effects that digitalisation
and securitisation have had on assets and by using this to extrapolate the potential
impacts that tokenisation will have in the form of a framework. The subject matter for
this chapter is of particular interest as tokenisation is a crucial process for the creation
of digital assets and therefore, if digital assets are to gain widespread adoption, the

impacts of this process need to be understood by companies looking to tokenise.

Chapter 4 pivots slightly from the previous chapters to a more future-focussed
perspective. The chapter maintains this future focus by using a foresight research

methodology. The chapter initially looks at determining how digital assets will impact
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business models for companies in the financial services industry. It then continues to
investigate the factors that will enable digital assets to change business models in
financial services. These were investigated predominantly using data gathered as part
of a pair of foresight workshops held with various industry stakeholders across the
finance and fintech industries. This chapter gathers a large amount of qualitative data
from differing perspectives across financial services on the potential of digital assets
to disrupt. The findings can be leveraged by individuals working in the financial
services industry to understand what factors they must emphasise to enable digital

assets within their organisation.

Chapter 5 summarises the findings from each of chapters 2, 3 and 4 and explains how
the overall findings of this thesis address the research objective by investigating the
future of digital assets in financial services and how they may disrupt the current

financial ecosystem.
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2. A Framework for Characterising and Modelling Digital
Assets

While the use of digital assets is growing, an understanding of their applications for
business use is limited. For organisations to gain value from them, and for designers
to better utilise them, a deeper understanding of digital assets is required. This
chapter examines the properties of digital assets with the aim of creating a framework
which can be used to characterise and classify digital assets, according to their

properties.
2.1. Introduction

Since Bitcoin’s launch in 2009 several competitors have spawned, many of which look
to improve upon existing financial infrastructure and payment systems (Buterin, 2013;
Schwartz et al., 2014). There are several issues that these offerings attempt to address.
An example of such an issue is the inherent lack of efficiency in international, cross-
border payments which often entail two to five day settlement times but can take up

to seven days to settle (Bis, 2018).

Despite the increasing number of competing cryptocurrencies, Bitcoin still very much
remains the market leader and the most traded cryptocurrency, with its price
movement having a strong impact on the rest of the crypto market. Bitcoin’s
underpinning peer-to-peer technology means that it is decentralised in nature and
doesn’t require financial institutions to facilitate transactions and verify ownership
(Plus, 2020). This technology is not unique to Bitcoin alone, albeit it was in the first
instance. This technology is called Blockchain and is defined as a growing list of
records, called blocks, which are linked and secured using cryptography (Zheng et al.,
2018, p. 1). As stated above, blockchain is the underlying technology which enable
cryptocurrencies such as Bitcoin as well as other digital assets. In essence, they allow
communities of users to record transactions in a shared ledger within their
communities. This then facilitates the immutable property of blockchains, which
means that no transaction can be changed once published (Yaga et al., 2019). When
referring to a blockchain system, there are a number of fundamental elements: public-

private key infrastructure, a shared consensus system, and cryptography methods to
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coordinate a single shared ledger (Ibm, 2017). Blockchain is part of the broader family
of Distributed Ledger Technologies (DLTs). DLTs are “particular types of databases
in which data is recorded, shared and synchronised across a distributed network of
computers or participants” (Biswas & Gupta, 2019, p. 229). DLT has the capability of
operating without “needing to use a centralised validation system” (Pinna &
Ruttenberg, 2016, p. 6). Blockchain is a key element and value proposition for digital
assets themselves. This chapter focuses on the broader extent of distributed ledger
systems and, more specifically, on digital assets: a data structure implemented using

DLT which can be assigned an owner.

In 2008, the first digital asset, Bitcoin, was conceptualised. Bitcoin and the underlying
blockchain were referred to by their creator Satoshi Nakamoto in the bitcoin
whitepaper as a “peer-to-peer electronic cash system” (Nakamoto, 2008, p. 1), but
Bitcoin and other similar offerings are more commonly known as Cryptocurrencies
(Narayanan et al., 2016). Since the Bitcoin whitepaper, the technology has evolved
beyond the realm of cryptocurrencies, commonly referred to as digital currencies, to
include other asset types that fall under the umbrella term of digital assets (Brusov,
2019). The number of use cases for digital assets has grown; for example, Bachelor’s
degrees have now been issued via digital assets. MIT is one such university that has
issued more than 2000 degree certificates using DLT (Grech & Camilleri, 2017; News,
2019). In finance, digital assets can and have been programmed to represent various
different asset types such as currency, commodities, common shares, and real estate

(Leiberman & Mirynech, 2019).

The application of digital assets and blockchain technology to traditional securities
such as those mentioned above demonstrates a growth and evolution in the area. Figure
2-1 illustrates this growth starting with the inception of blockchain up until the end of
2019. More specifically, the figure depicts several key events in the evolution of digital
assets, which can be traced from the emergence of Bitcoin to the end of 2019. The
figure was created based on the following: (Axiom, 2017; Buterin, 2013;
CoinMarketCap, 2019; Nasdaq, 2015; Shirley, 2017).
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Figure 2-1 - Progression of Digital Asset Timeline

While there has been a rise in interest surrounding digital assets (Ismail, 2019), there
is also an ambiguous element to them, typified by a lack of understanding of digital
assets. This is exacerbated by the lack of a clear definition of digital assets. From the
perspective of the Cryptoassets Taskforce, a state-run joint regulatory research venture
in the UK, digital assets are defined as “a cryptographically secured digital
representation of value or contractual rights that uses some type of DLT and can be
transferred, stored or traded electronically” (Cryptoassets Taskforce, 2018, p. 11).
However, one characteristic neglected by this definition is the question of ownership,
an integral element of a digital asset. By omitting ownership from the definition, it is

not known who owns the asset.

Another issue is that a digital asset’s functions can change during its lifecycle.
Analysis of existing academic literature during the writing of this chapter shows that
little research has been conducted to create a framework or a technique for tracking
digital asset functions throughout their lifecycle. As a result, there has been a wave of
regulatory concerns in recent times, particularly involving initial coin offerings
(ICO’s) (Lee and Pilkington, 2017). ICO’s occur “when a company (or an open-source
project) pre-sells tokens which serve as an internal medium of exchange yet to be
built” (Li & Mann, 2018, p. 1). Tokens are a digital representation of an asset which
“can be used and exchanged over a digital network™ (Deloitte, 2019, p. 9). Regulators
have no method of defining digital assets and no framework which tracks and monitors

these token sales. Subsequently, the Securities and Exchange Commission (S.E.C),
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the regulatory body in charge of regulating the U.S. securities industry, has no choice
but to investigate each ICO on a case-by-case basis (Sec, 2017b). As with many digital
innovations which affect multiple jurisdictions, technology often outpaces regulatory
bodies; this is especially true in the of ICO’s and the S.E.C(Debler, 2018). In parallel,
there has been an increase in market interest, with $6.3 billion in funds raised by ICO
in QI of 2018, surpassing the total of ICO funds raised during the whole of 2017
(Floyd, 2018). This significant level of growth has put an unprecedented strain on
regulatory bodies who still appear to be uncertain on the most effective means of

classifying digital assets (Koens, 2019).

As regulatory bodies struggle with classification of every evolving and multi-faceted
asset, it is argued herein that a framework is required to model digital assets and
decentralised applications according to their properties, instead of their functions
which don’t change throughout the asset’s life. Based on this issue, this chapter will
examine the following research question: how can digital assets be characterised and

classified according to their properties?

Following an analysis of literature on digital assets, their uses and their future potential
for disruption, one key theme emerged: classification. The theme of classification
emerged as there is a lack of a consistent framework for the classification of digital
assets. Regulation is a key element that falls under the theme of classification as there
is a lack of regulatory oversight around the various types of digital assets across
multiple jurisdictions. In the following section, the need for clarity regarding digital

assets and their classification is discussed.

2.2. Qualifying the Problem Area

This study addresses RQ1 by developing a framework for characterising and, in doing
so, classifying digital assets. In this section, the theme of classification is explained to
help the reader understand some of the pitfalls of the current state of digital asset

classification and by extension, regulation.
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2.2.1. Classification

An analysis of existing literature from regulatory and other governmental bodies on
digital assets reveals two aspects about the classification of digital assets. Firstly,
although some of the existing frameworks are similar, there is a misalignment in how
they classify digital assets. In addition to this, some frameworks, such as that created
by the Cryptoassets Taskforce (2018) classify digital assets by their functions as
opposed to their structural features. Functions are dependent on how the digital assets
are interpreted by its system (Cryptoassets Taskforce, 2018; FINMA, 2018; SEC,
2017b) and as such, classifying digital assets by their functions may not be suitable.
Classifying digital assets according to their functions might not be optimal as some

digital assets can have different functions at different points within their lifecycle.

The Swiss financial regulator, FINMA, published a report on regulatory guidelines on
digital assets where they classify them into three distinct categories. They state in the
report that their categorisation approach is based on the underlying economic function
of the asset or token (Finma, 2018). The first they classify as Payment Tokens, which
are tokens “intended to be used, now or in the future, as a means of payment for
acquiring goods or services or as a means of money or value transfer”. They go on to
add that they are synonymous with cryptocurrencies. They define Utility Tokens as
“tokens which are intended to provide access digitally to an application or service by
means of a blockchain-based infrastructure.” Finally, they define the third category,
Asset Tokens, as representing “assets such as a debt or equity claim on the issuer.
Asset tokens promise, for example, a share in future company earnings or future
capital flows.” They add that these are analogous to equities, bonds or derivatives

(Finma, 2018, p. 3).

Similarly, the Cryptoassets Taskforce (2018) categorises digital assets into three broad
types based on their functions: exchange tokens (‘cryptocurrencies’ such as Bitcoin,
Litecoin and equivalents), security tokens (provide rights to the holder such as
ownership, repayment of a specific amount of funds, or entitlement to a share in future
profits), and utility tokens (provide access to a specific product or service that is
typically provided using a DLT platform). These classifications may be similar to
those of FINMA, however, it is stated by the (Cryptoassets Taskforce, 2018, p. 9) that

“the way a cryptoasset is used, or its features, means that it could fall under several
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categories at any one time or at different points in its lifecycle”. This is problematic
as technically a digital asset could transition through different categorisations
depending on its maturity levels. FINMA does not note the fact that digital assets could
fall into multiple categories. The differing stance on the regulation of digital assets by
two regulatory bodies, who should be closely aligned, demonstrates the lack of a
common regulatory understanding of digital assets. A thorough definition and
framework could lead to a common language for parties to build a better and shared
understanding. Digital assets have structural characteristics and, based on a review of
frameworks produced by regulatory bodies such as FINMA and the Cryptoassets
Taskforce, it appears that regulatory bodies have not yet classified them based on

structural characteristics.

Based on the above, there is a recognition of the need for a means of accurately and
consistently classifying digital assets, and some regulatory bodies have attempted to
provide regulatory oversight over digital assets already. Regulators are at the early
stages of identifying and monitoring digital assets, but the balance between over-
regulating and stifling technological advancement must be found(Clayton, 2018).
According to the U.S. Securities and Exchange Commission (SEC), digital assets may
fall under the definition of a virtual currency, which is “a digital representation of
value that can be digitally traded and functions as: (1) a medium of exchange; (2) a
unit of account; (3) and/or a store of value” (Sec, 2017b, p. 3). On the other hand, the
Cryptoassets Taskforce states that cryptoassets are “not considered to be a currency or
money, as both the Bank of England and the G20 Finance Ministers and Central Bank
Governors have previously set out” (Cryptoassets Taskforce, 2018, p. 12). Categories
laid out by the Swiss Financial Market Supervisory Authority (FINMA) are non-
binary in nature, meaning that a digital asset can fall into several of their categories.
They are also loosely defined, leading to further confusion around the classification
and regulation of digital assets. Recent studies highlight evolving complexities in
classifying digital assets within the blockchain ecosystem, particularly regarding their
circulation and the technological challenges faced (Zhu et al., 2024). This aligns with
ongoing efforts to refine frameworks for asset classification to ensure consistent

regulation and management.

A more succinct approach to the classification of digital assets could help industry
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stakeholders to understand whether an asset falls under securities or anti-money
laundering (AML) regulation or both. In the case where there is not an appropriate
regulatory policy to cover digital assets, a common framework for the classification
and characterisation of digital assets could help inform the drafting of an appropriate

policy. This chapter aims to create such a framework.

In summary, the theme of classification emerged mainly from reviewing literature
from regulatory bodies and other state funded committees who have published papers
and reports on the nascent field of digital assets. Upon analysis of this literature, it
became clear that a framework that could be used to classify digital assets according
to their properties would not only help to distinguish between different types of digital

assets but would also assist regulators in regulating them going forward.

2.3. Research Approach

To address the lack of a framework for characterising and classifying digital assets
based on their properties, a framework was developed iteratively to characterise and
classify digital assets on an individual basis. This section describes the research

approach used and is broken down as follows:

« The research canvas details March and Smith (1995)’s design science framework

which acted as a template for the creation of the framework created in this chapter.
. Different research methodologies are required to address RQ1.

o The remainder of this section deals with the literature review and concludes with

a use-case of the framework itself.

2.3.1. Research Canvas

The nature of RQ1 looks at how digital assets can be characterised and classified
according to their properties, is suited to design science research for several reasons.
Design science is referred to as “knowledge in the form of constructs, techniques and
methods, models, and/or well-developed theory for performing this mapping—the
know-how for creating artefacts that satisfy given sets of functional requirements”
(Vaishnavi et al., 2004, p. 4). They go on to say that “design science research is
research that creates this type of missing knowledge”. The topic of DLT and, more
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specifically digital assets, is very much in its infancy and, therefore, there are gaps in

existing research when it comes to the classification of them.

March and Smith (1995) describe a design science framework with two axes, one for
research activities and the other for research outputs — see Table 2.1. Research
activities run horizontally and consist of build, evaluate, theorise and justify. In their
paper, March and Smith suggest that “building and evaluating IT artefacts is of design
science intent” whereas “theorising and justifying is of natural science intent” (March
& Smith, 1995, p. 256). Therefore, as this chapter and the information it aims to find
is of design science intent and not natural science intent, the decision to concentrate
on the building of artefacts columns in the research canvas (Table 2-1) was made. The

theorise and justify columns are therefore omitted.

Once the required research outputs were identified, the research canvas template
created by March and Smith (1995) was populated with the research activities required
to achieve these outputs. Each cell contains at least one specific research activity
which should be performed as part of this thesis’ digital asset framework research. The
Build column looks for the basic building blocks that were identified as necessary
when developing a framework to be used in conjunction with digital assets and
distributed ledger technology. The Evaluate column deals with measuring aspects of

usability and robustness for the framework.

Build Evaluate

Constructs Identification of digital asset Investigate completeness and
key characteristics understandability

Model Create a framework allowing users | Investigate robustness

to categorise digital assets based on | basic real-world assets

these key characteristics

Method
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Instantiation Prototype/framework which can be | Apply framework to real dapp*

completed for each individual asset | digital assets

Table 1-1 - Research Outputs and Activities Mapped using adapted Research Canvas
of March and Smith (1995)

*A decentralized application (dapp) is an application built on a decentralized network
that combines a smart contract and a frontend user interface (Ethereum Foundation,

2024) .

2.3.2. Methodology Choice

March and Smith (1995) explain that each of the different research activities mapped
using the canvas may require a different research methodology. To address this, Table
2.2 has been included. Table 2.2 is adapted from a paper by Palvia et al. (2003) which
outlines different methodologies in MIS research. The methodologies that will be

implemented are defined below in Table 2.2.

Methodology Definition

Speculation/commentary Research that derives from thinly supported
arguments or opinions with little or no empirical

evidence.

Frameworks and Conceptual | Research that intends to develop a framework or a

Models conceptual model.

Library Research/Literature | Research that is based mainly on the review of

Review existing literature.
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Literature Analysis

Research that critiques, analyses, and extends
existing literature and attempts to build new
groundwork (for example, it includes meta-

analysis)

Case Study Study of a single phenomenon (for example, an
application, a technology, a decision) in an
organisation over a logical time frame.

Secondary Data A study that utilises existing organisational and

financial and

published

business data (for example,

accounting reports, archival data,

statistics, etc.)

Table 2-2 - MIS methodologies used in the research based on Palvia et al. (2003)

Table 2.3 below refers to which of the above research methodologies have been

applied to each of the research activities that were identified in Table 2.2 above.

Build Evaluate
Constructs Speculation Literature Analysis
Literature Review Secondary Data
Literature Analysis
Frameworks and  conceptual
models
Model Speculation Literature Analysis
Literature Review Secondary Data
Literature Analysis
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Frameworks and  conceptual
models

Method

Instantiation Frameworks and  conceptual | Secondary Data
models

Table 2-3 - Research methodologies to be used mapped using research canvas (March

& Smith, 1995)

2.3.3. Secondary Data Usage as a Means of Framework Construction

In this study, sources of organisational secondary data were analysed and used as a
basis to test and evaluate the validity of the framework. The basis of this activity is a
combination of using organisations’ open-source GitHub repositories and whitepapers
that outline the business use case. Self-governing organisations that live on a
blockchain environment take the form of Decentralised Autonomous Organisations
(DAOs). Chohan (2017, p. 1) defines a DAO as an “organisation that is run through
rules encoded as computer programs called 'smart contracts”. A DAQO’s financial
transaction record and programmed rules are maintained on a blockchain. A list of
previous DAQO’s was compiled through a web search. Next, the DAO scope was
further narrowed by focusing on Ethereum-run organisations as information was more
readily available on these organisations, likely because of the prevalence of smart
contracts on the Ethereum blockchain. In addition, this research had access to GitHub
repository open-source code and whitepapers outlining the architecture of the

autonomous organisation, which were closely examined.

As well as having access to GitHub repositories and whitepapers, a comprehensive

literature review was carried out, as detailed in the next section.

2.3.4. Refining Literature

The literature review process followed the guidelines and instructions of Webster and

30



Watson (2002). The first step in conducting the literature review involved the
identification of relevant literature covering the topic of digital assets and Distributed
Ledger Technology. As a starting point, the basket of eight information systems
journals were examined for papers on the topic of digital assets and DLT. Keyword
searches were performed on titles and abstracts of the papers for keywords: ‘Digital
assets’, ‘Distributed Ledger Technology’, ‘DLT’, ‘Blockchain’, ‘Crypto-Assets’ and
‘Cryptocurrency’. Digital assets are a relatively new phenomenon and because of this,
it was found that many of the leading Information Systems Journals were lacking in
papers focussing on the area. Therefore, a decision was made to widen the search to
other papers outside of the basket of eight as well as industry reports from
organisations and regulatory bodies. For reasons of quality assurance all media outlets
and for-profit organisations lacking a long-standing reputation in the area of finance
were discarded to maintain the validity of the findings. Once the search of papers was
complete, a backward review of citations identified in these papers was performed, as
per Webster and Watson (2002). After this step, a forward review was performed using
web of Science and Google Scholar searches to identify papers citing the key papers
identified in the previous steps. Once these steps were completed, there were

approximately 50+ papers identified on the area of digital assets and DLT.

This number was reduced by narrowing the scope of the search and refining. Firstly,
papers that focussed solely on cryptocurrencies as units of speculative investment and
not on the underlying technology or utility were discarded as these papers had a view
on the use of digital assets that did not align with the objective of this study. This
narrowed the number of papers to 41. Following this, all papers that didn’t explore
digital assets characteristics or underlying properties were discarded, further reducing
the number to 27 papers. At this point core concepts in the literature were then

identified.

2.3.5. Review of Empirical Literature

The Concept Centric Matrix in Table 2.4 identifies the core concepts in the literature
published on the topic of digital assets. The first two columns of the table include the

name of the author and the year of contribution. The following columns reveal the
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major digital asset concepts and characteristics uncovered and identifies which author

has contributed to this area.

The first iteration of core concepts identified were as follows: ‘Fungibility’, ‘Identity’,
‘Contract’, ‘Data Store’, ‘Central Bank Digital Currency (CBDC)’, ‘State’ and
‘Composability’. However, it was determined that CBDC, albeit a recurring concept
in the literature, was an application of digital assets and not a characteristic. Therefore,

CBDC was removed as a core concept from the literature review.

The ‘Fungibility’ column shows where research discusses whether the asset is unique
in nature. An Ethereum standard from 2017 established that digital assets can only be
fungible or non-fungible, resulting in the ERC721 token standard (Shirley, 2017). For
example, a €1 coin is the same as any other €1 coin, therefore they are fungible. On
the contrary, an original oil painting is unique, therefore it would be referred to as non-
fungible. The 'Identity' column indicates research papers which examine the
ownership of digital assets. An individual or a business who owns the digital asset is
an example of the associated identity. The 'Contract' column highlights research that
goes into depth about digital assets that contain “smart contracts”. The concept of
smart contracts was proposed before the advent of digital assets and DLT by Nick
Szabo as contracts that “combine protocols with user interfaces to formalize and
secure relationships over computer networks” (Szabo, 1997). In this context they are
in essence functions that act upon the data in a DLT environment. The 'Store of Data'
column specifies research that offers insight into digital assets that have certain data
attached to the asset. Sender, receiver, and quantity are examples of such data attached
to the asset. The 'State' column indicates papers exploring whether an asset was
conceived on a blockchain like Bitcoin or whether it is representative of a real-world
asset. Digital assets can either be natively conceived on-chain like Bitcoin or represent
real-world assets such as real estate property or other financial securities (Sehra et al.,
2018). Finally, the 'Composability' column indicates research that defines whether
digital assets are composed of sub-assets or are standalone in nature. Digital assets can
only be composable or non-composable, as seen with the inception of the ERC998
token standard (Lockyer, 2015). As an example of this concept, a single share of a
company is non-composable as it cannot be broken down into any smaller units. An

exchange traded fund (ETF), on the other hand, is a basket of financial securities
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grouped together and as this can be broken down into the individual shares that make

up an ETF, it is composable.

Authors & | Fungibility | Identity | Contract | Store of | State | Composabil
Year Data ity

(Ainsworth | X X X X
& Shact,
2016)

(Aitzhan & | X X
Svetinovic,

2016)

(Ekblaw et X X
al., 2016)

(Brandon, X X X
2016)

(Danezis & | X X X
Meiklejohn,
2015)

(Fujimura et X X X X
al, 2015)

(Hayes, X X X
2016)

(Korpela et | X X
al., 2017)
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(Mainelli &
Smith,
2015)

(Mettler,
2016)

(Nakamoto,
2008b)

(Nguyen,
2016)

(Lee &
Pilkington,
2017)

(Rosenfeld,
2012b)

(Sikorski et
al, 2017)

(Tian, 2016)

(Yasin &
Liu, 2016)

(Y. Yuan &
F.-Y. Wang,
2016)

(Zou et al.,
2016)
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(Westerkam | X X X

p et al,

2018)

(Treacher, X X X X X

2018)

(Sehra et |X X

al., 2018)

(Chevet, X X X X
2018a)

(Lockyer, X X
2018)

Table 2-4: Concept Centric Matrix of Digital Asset Characteristics

2.4. The Digital Assets Framework

Table 2.5 presents the six key components of the digital asset framework based on the
concepts identified in the concept centric matrix. Being able to aggregate these
characteristics into one holistic framework allows a better understanding of existing
digital assets or the ability to architect new assets in a clear cohesive manner. The next

two sections explain the data and structural components found in Table 2.5 below.
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2.4.1. Data Components Explained

Component |Explanation Literature
Data This refers to the identity of the owner |(Yasin &

Owner of the digital asset. The owner is |Liu, 2016)

represented by a public key in the

distributed system which acts as a

digital identifier.

An array of contractual data belonging | (Wood,
Store of Data | the digital asset. 2014)
(Data Fields)

A smart contract is a computerised |(Szabo,
Contract transaction protocol that executes the |1994)

terms of a contract for the digital asset.

This is intended to satisfy common

contractual  conditions (such as

payment terms, liens, confidentiality,

and even enforcement), minimise

exceptions both  malicious and

accidental, and minimise the need for

trusted intermediaries.

Structural This refers to whether the digital asset |(Rauchs,

State of ) . .

is representative or native in nature. A |[2018)
Asset

native (or endogenous) asset is a digital
asset whose data exists exclusively
within the boundaries of the system
and does not require a connection to
external systems. A representative (or

exogenous) asset is a digital asset
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whose data is exclusively extrinsic to
the system and thus requires gateways
for connection to the external world

and enforcing transactions.

Digital assets can be composed of [(Chevet,
Composability multiple different digital assets that are |2018a)
combined to form a new asset
(composable) or can be structurally

independent (non-composable).

The property of an asset where |(Rosenfeld,
Fungibility individual units are interchangeable. A |2012b)

non-fungible asset is common and
multiple versions of this asset with the
same properties can exist. A fungible

asset is one that is unique and has its

own value and properties.

Table 2-5 Framework Components Explained

Data components are open to user input in contrast to structural components where a
binary decision must be made. This leads to the framework being split into two distinct

sections:

1) Data components referring to framework components dealing with the context of

the data itself (Identity, Store of data and Contract)

2) Structural components referring to framework components dealing the architectural

context of an asset being (State, Composability and Fungibility).

Components such as ‘Identity’ can establish a clear line of ownership over the asset
from its conception. A line of ownership is fundamental for auditing and supply chain
systems (Yasin & Liu, 2016). ‘Store of Data’ (Wood, 2014) and ‘Contract’ (Szabo,
1997) components distinguish between the data and functions, similar to an entity-

relational model. Connecting this to the ‘composability’ (Chevet, 2018b) and
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‘fungibility’ (Rosenfeld, 2012a) components allows for these assets to be modelled
more accurately, according to their behaviour in a distributed ledger system. ‘State of
Asset’ gives an insight into the regulatory implications of the digital asset at hand
(Rauchs, 2018). For example, representative assets referencing assets in an external
system place the boundary of regulation on the underlying reference asset itself and
not on its digital representation in a distributed ledger environment. This gives users a
litmus test on whether the regulation of the digital asset in question should be

investigated on a deeper level.
2.4.2. Structural Components Explained

This section describes the structural components. Figure 2.3 below was created to
visually represent the components. The figure is split into six cells, each of which
illustrates the different characteristics of digital assets: fungible or non-fungible,

composable or non-composable, native or representative.

Fungible Non-fungible

| N ® 0O
® 0 S @

Composable Non-composable

[]

Representative Native
~N ~ “\ ¥
> e ™ «~ N

Figure 2-2. Structural Elements of Digital Assets

As presented in figure 2.3, in the context of the ‘Fungible’ cell, the four assets shown
are indistinguishable; for example, one unit of Ether (on the Ethereum network) is
interchangeable with any other unit of Ether. In contrast, the four non-fungible assets

in the section labelled ‘Non-fungible’ are all unique. MedRec, an application used to
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store individuals' medical records on the blockchain is an example of this(Ekblaw et
al., 2016). Composable assets consist of a network of child assets linked to a parent
asset. For example, DADA, a crypto-based art network where you can link a non-
fungible token representing an art piece to a pre-existing non-fungible token of a
CryptoKitty — a crypto collectible (introduced more formally later in this chapter),
forming a parent-child data relationship (Chevet, 2018a). Conversely, non-
composable assets are standalone digital assets that have no child assets. An example
of this is Blockcerts which utilises blockchain to issue university diplomas, which are
independently-verifiable and tamperproof (Schmidt, 2015). Native assets refer to data
or digital assets that exclusively exist within the boundaries of the blockchain network
and do not require a connection to external systems. Essentially these are assets that
were conceived on a blockchain network and are therefore “Native” to the network
itself. For example, a cryptocurrency such as Bitcoin has all its pertaining data within
the distributed ledger environment. Representative assets record referencing data that
is extrinsic to the system and thus requires gateways for connecting to the external
world and enforcing transactions. An example of this is Everledger’s use of blockchain
to track diamonds. Data relating to a specific diamond is stored in a referencing asset

in the distributed system (Underwood, 2016).

2.4.3. Evolution of Digital Asset Framework

As design science is an iterative research methodology which focuses on creating
artefacts as well as developing them over time, the process for the creation of the
digital asset framework was incremental in nature. The core concepts that became the
characteristics that made up the digital asset framework were not the only ones that
emerged from the literature during the literature review. The first row in the figure
below depicts the various concepts that emerged in the literature review. These
concepts, or key characteristics of digital assets are Fungible, Non-Fungible, Identity,
(Smart) Contracts, Data stores, Central Bank Digital Currency (CBDC),
Representative, Native, Composable and Non-Composable. As research continued
into these areas with the lens of creating a framework applied, the components of the
framework were iteratively developed. ‘Fungible’ and ‘Non-Fungible’ were combined

to form the binary characteristic of ‘Fungibility’. Similarly, ‘Representative’ and
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‘Native’ were combined to form the °‘State’ characteristic. In addition to this,
‘Composable’ and ‘Non-Composable’ were combined to form ‘Composability’. In the
second iteration of framework creation, the characteristic of CBDC was deemed not
to be a characteristic of a digital asset and more so an application or use-case.
Therefore, CBDC was removed leaving only the core characteristics which make up

the digital asset framework.

Fungible | Non-Fungible | Identity | Contract | Datastore | CBDC | Representative | Native | Composable Non-
Composable

t 3

T

Fungibility

Figure 2-3 — Evolution of digital asset framework components

2.5. Framework Evaluation

To assess the utility of the derived framework, it was applied to two separate ‘isolated’
digital assets to assess the classification functionality. ‘Isolated’ here refers to a digital
asset which has been extracted from a blockchain based application. Both use cases
include: (1) a background of the application where the digital asset originates from;
(2) the isolated asset from the application it’s used in to illustrate classification

functionality; and (3) a discussion of the framework applied.

2.5.1. MolochDAO

MolochDAO was selected as a use case as it represents a completely “decentralised,
multi-party decision process” that is contained solely within a distributed ledger
environment and would, therefore, illustrate the benefits of the derived digital asset

framework (Duncan, 2019, p. 1).
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Background

Created in February 2019, MolochDAO is a DAO (Decentralised Autonomous
Organisation), whereby all organisational governance is found within the smart
contracts themselves. This project tries to solve the problems of misaligned parties
who have invested in public blockchain infrastructure by coordinating and
incentivising groups that could have competing interests (Bhuptani, 2019a;
Olszewski, 2019). The DAO structure encompasses pooling of funds and voting on
fund allocation to more effectively share costs resulting in a greater ecosystem
benefit(Kaal, 2020). As of June 2019, fifty-one members have allocated over
$1,500,000 to the fund. There have been 65 proposals so far which consist of both
membership (wanting to join the fund) and grant (requests for funding) proposals. The
MolochDAO project poses a number of interesting mechanisms for future
consideration in decentralised funds (El Faqir et al. 2020). Members’ funds are pooled
together, and each member has voting rights proportional to the funds invested in the
total voting pool. This incentivises members to increase their proportional ownership
in order to maximise their voting rights. On the other hand, liquidating shares means
sacrificing decision-making capabilities over the future of the pool. Access to the fund
is restricted by existing members, who vote on allowing new entrants to the fund
(Arikan, 2019). This naturally incentivises members to only admit new entrants who
are aligned with the group’s interest in order to share costs with them. Existing
members voting shares are diluted proportionally which further provokes members to

vet new entrants for a longer-term benefit strategy (Withiam, 2019).

A grace period exists after the grant voting proposal has completed allowing
withdrawals. After every voting proposal comes to an end there is a 'grace period' to
allow members who took a minority position on the proposal to leave the fund and
liquidate their position if they wish. This means the remaining members bear the cost

of the proposal (Bhuptani, 2019b).

Isolated Asset Classification

PROPOSAL
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Owner Proposer

Data Fields Proposer, Applicant,  SharesRequested, StartingPeriod,
YesVotes, NoVotes, Processed, DidPass, Aborted,
TokenTribute, MaxTotalSharesYesVote

Contracts ProcessProposal, abort

State? Representative
Composable? Non-Composable Composable
Unique? Non-Fungible Fungible

Table 2-6. Isolated Digital Asset Framework applied to ‘Proposal’ asset in the
MolochDAO system.

The table above presents the ownership, data, and contract of an isolated proposal

asset, from the MolochDAO system.

State: As proposals are created on-chain they are native.

Fungibility: As the user decides the specificity of the data that is inserted into
proposals and not the system, all proposals are unique and with differing intrinsic

value thereby non-fungible.

Composability: Proposals are not composed of any other child data structures. It is

therefore non-composable.

The native state of the proposal shows that all data and functions pertaining to the asset
can be found within the boundaries of the system itself. The ‘contract’ field shows that
proposals are self-executing via smart contracts. Proposals are processed or aborted

after all the yes/no votes are tallied.
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Discussion of Framework Application for Businesses

All of the assets in the molochDAO system are native. This means that the system as
a whole is located within a distributed ledger system and external system integration
isn’t needed. The ‘PROPOSAL’ asset depicted in the framework above is non-
composable, as it is not composed of any other digital assets. In fact, all assets in the
MolochDAO system are non-composable except for the 'GUILD BANK' asset, which
is composable due to its inherent nature acting as a holding account for tokens in the
system. The owner of the ‘PROPOSAL’ asset is the Proposer, in other words the

person who has proposed the investment.

Usage of the framework is beneficial here for several reasons. As illustrated in figure
2.5, using the framework highlights insights that may be of interest to a business
analyst, technical architect or developer when developing or analysing decentralised
applications. The framework can be used as a tool to help technologists to visualise
digital assets in a blockchain based system. From a regulatory perspective, the
framework could be a means for regulators, among others, to classify and understand

the digital assets that interact with or operate within a decentralised application, such

as MolochDAO.

2.5.2. CryptoKitties

As a second use case, CryptoKitties was chosen. Demonstrating the framework for
both MolochDAO and CryptoKitties gives individuals an understanding of the wide

spectrum of usages for this framework, whether they be financial or not.

Background

CryptoKitties was chosen as a use case for several reasons. The first is that it is an
interesting use-case of blockchain technology that aims to provide education of
distributed ledger technology through gamification. It allows previously esoteric

concepts to be normalised, so users can become familiar with the technology. In
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addition to this, it’s a use-case that is relevant outside of the realm of financial services.

Finally, it was the first prominent use-case of the ERC-721 standard as these tokens

were used as the backbone of CryptoKitties (Virk, 2018) thus making it an appropriate

choice to verify the framework. An important function of CryptoKitties is that it acts

as a ‘crypto-collectible’. A crypto-collectible is defined as a 'cryptographically unique,

non-fungible digital asset' (Chevet, 2018b, p. 5).

CryptoKitties are digital, collectible cats, that can be bought and sold using Ether and

bred to create new collectibles with varying traits.

KITTY

Owner

Data Fields

Contracts

claimant Address

genes, birthTime, cooldownEndTime, matronld, sireld,

siringWithld, cooldownIndex, generation

bid, getKitty, breedWith, breedWithAuto, giveBirth,
createSiringAuction, approveSiring, createSiringAuction,

createSaleAuction, getAuction, cancelAuction, transfer,

approve, transferFrom

State?

Composable?

Unique?

Representative

Non-Composable Composable

Non-Fungible Fungible
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Table 2-7. Isolated Digital Asset Framework applied to ‘Kitty’ asset in the CryptoKitty

System

Isolated Asset Classification

State: Kitties were originally conceived and reside on the Ethereum blockchain and

are therefore native.

Fungibility: Due to the ability for the digital Kitties to breed and traits to be combined

from parents, Kitties are unique and non-fungible.

Composability: A Kitty asset is composed of a token and the underlying Kitty itself

and is therefore composable.

Discussion of framework application

Ownership can be established via the current wallet holder as well as the previous
lineage of owners by examining the transactional data. The ‘data’ and ‘contract’ fields
lay out the objectives and boundaries of the Kitty asset in a transparent auditable
manner. The composable nature is what differs from the previous MolochDAO
example. The non-fungibility aspect makes this an asset suitable for tracking and
supply chain uses. The fact that every unit is unique can limit the regulatory burden as

this type is not suited for securities or assets which can be exchanged for one another.

The application of the framework in this instance is beneficial for usage when
architecting and designing decentralised applications as per MolochDAO; however,
as this application is outside the realm of financial services, the potential regulatory
benefits are not relevant. In the area of crypto-collectibles, the framework could be
utilised to reflect current and previous ownership of the asset, as well as detailing

characteristics of the asset, but on an off-chain basis.

2.6. Summary & Next Steps
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This chapter makes an important contribution to the field by enhancing the knowledge
of digital assets. It illustrates that digital assets are multi-faceted and cannot just be
categorised by individual factors. On a structural level, they are divided by their state
(Rauchs, 2018), composability (Chevet, 2018a) and fungibility (Rosenfeld, 2012b).
From a data perspective, they can further be defined by their owner (Yasin & Liu,
2016), store of data (Wood, 2014) and contractual functions (Szabo, 1994). In unison,
these qualities can be combined to form a framework to analyse digital assets from a
new perspective. In contrast to current frameworks in place (Finma, 2018; SEC,
2017a; Taskforce, 2018), this framework characterises and classifies assets on a
structural level which is consistent over the lifetime of the asset, unlike current
frameworks which model based on functions which may change over the asset’s life

cycle.

The value of the framework derived in this chapter can be divided into three parts, 1)
utility of classification 2) definitive responsibility, and 3) understandability of

regulatory implications.

The Digital Asset Framework most significant contribution is that to the areas of
digital asset characterisation and classification. The framework will allow several
different stakeholders whom interact with digital assets to classify them according to
their structural properties, as opposed to by some looser functional properties, as other
frameworks do (Cryptoassets Taskforce, 2018; Finma, 2018). This type of
classification of digital assets not only benefits regulatory bodies who may look to
classify digital assets and regulate them specifically based on which category they fall
into but could also prove crucial for use by business analysts and technical and/or
solution architects when looking to design decentralised applications. The framework
should allow these users to map and understand the data and structural characteristics
of any digital asset being used in their application and therefore could be a useful tool

in decentralised application design.

The framework has instrumented a method to define responsibility in relation to digital
assets in the form of ownership. Using the framework one can more easily track
ownership of a digital asset from their inception which is fundamental for various

forms of auditing and supply chain provenance systems(Yasin & Liu, 2016).
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Finally, this framework has helped to highlight some potential regulatory implications.
For example, the state of the asset, whether the asset is native, or representative of an
underlying asset is a determinant of the regulatory environment. Composable assets
can come under heavy scrutiny due to different regulatory environments, especially
when multiple child assets are in different states and/or industries. Effective regulation
1s more manageable on the organisations interacting with the digital assets themselves
rather than on an asset level where it can lead to a case by case examination (Finma,

2018; SEC, 2017a).

Next Steps

Another potential use of the Digital Asset Framework realised when researching this
chapter was the potential to utilise it to model digital assets and decentralised
applications according to their properties. Using tools such as Unified Modelling
Language or UML to visualise the relationship between entities. In a future version of
this chapter, further exploration needs to be conducted to build upon the existing tools
seen in UML-based entity-relationship diagrams and to enhance modelling
conventions to make it applicable to decentralised applications. By using a framework
like this, the decentralised characteristic of an asset can be illustrated in a more
intuitive way. It also empowers developers and analysts to see the characteristics of
an asset and how they work at a systems level (1976). Some further research was
conducted into this potential use-case, but was not within the scope of RQ1 and as

such, has been included in the appendix of this thesis (Section 6.1).

In addition to this, while researching digital assets and their characteristics, a research
gap relating to the key process of tokenisation was identified. The gap was discovered
when trying to understand how suitable some assets are to tokenisation - the key
process of conversion of a non-digital asset to a digital asset. Tokenisation emerged
frequently as a theme in the literature review for chapter 2. If digital assets such as
tokenised securities are to be adopted and utilised across the financial services industry
then it will require traditional financial securities to be converted to digital assets,
which requires tokenisation. However, non-digital assets are diverse in nature and
there are indicators that some assets may be less suitable for tokenisation then others.
Therefore, the next chapter illustrates this gap in the tokenisation research, presenting

a novel solution in the form of a tokenisation suitability framework.
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3. A Framework to Evaluate the Impact of Tokenisation
3.1. Abstract

Chapter 3 formally introduces the concept of Tokenisation into this study by
investigating the area and proposing a framework which looks to determine the impact
that tokenising an asset will have on an organisation. The framework is proposed by
first looking at the processes of securitisation and digitalisation and comparing the
impacts that these respective processes would have with tokenisation. This then allows
the creation of a framework which doesn’t just determine a general impact of
tokenisation on assets but quantifies how much business value is derived from
tokenising an asset as well as how much it would disrupt an organisation and its

industry.

3.2. Introduction

Tokenisation is a process which allows the economic value represented in assets to
be unlocked by converting them into a digital token; this can then be manipulated
in a blockchain environment (Sanghavi, 2018; Wachal, 2018). Tokenisation has
emerged as a potentially revolutionary approach in asset markets, with blockchain
technology at its core. Recent research highlights how tokenised platforms can
enable decentralised exchanges of digital assets without the need for
intermediaries, significantly improving market efficiency (Juan et al., 2023).
Moreover, these developments promise enhanced automation, auditability, and
compliance, thanks to programmable tokens and smart contracts (Juan et al., 2023).
One novel use case is the tokenisation of real estate property such as an individual’s
home, a process being undertaken by a company called SwissRealCoin(Luginbiihl,
2018). Initial Coin Offering’s (ICO’s) provide another example of the use of tokens
and the broader concept of tokenisation (Laurent, 2018a). On the other hand, tokens
offered as part of a Security Token Offering (STO) are financial securities backed
by “traditional financial instruments” such as “equity, debt, revenue sharing rights
or any other mechanism in the form of a cryptographic token” (Hermansen, 2020).

Security tokens offer the same functionality as traditional security, however,
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distributed ledger technology or DLT, is used to confirm ownership of the security
(Zaki, 2018); this makes the possibility of fractional ownership of security more
feasible (Lintner, 1965). The concept of fractional ownership and tradability,
giving assets the ability to be traded on global markets, originated with
securitisation. Securitisation has since gained a digital element that has evolved to
form an STO. To understand the importance of this evolution, this change will be
compared to tokenisation in two ways: (1) a comparison with securitisation and (2)
a comparison with digitalisation (the process of giving assets a digital identity).
Both elements are foundational to the inception of the framework derived in this

chapter.

3.2.1. Securitisation and the Tokenisation Landscape

Asset securitisation describes a company decoupling itself from an asset by
transferring the asset to a “Special Purpose Vehicle” or SPV (PWC, 2016b, p. 9).
The resulting SPV is a separate legal entity from which shares can then be issued
in order to raise funds (PWC, 2011). Tokenisation has commonly been compared
to securitisation as a means of financing (Levine, 2019). Securitisation can be
considered as a “top-down” approach that starts at an organisational level with the
establishment of a SPV (Schwarcz, 2013). Tokenisation, on the other hand, can be
thought of as a “bottom-up” approach, as it enables one to unlock the economic
value represented in assets by converting them into a digital token (Sanghavi, 2018;

Wachal, 2018).

Securitisation involves several intermediaries: from a legal perspective to establish
a SPV, from a financial perspective to issue the securities, and from an
administrative perspective. With the establishment of a standardised token model
such as Ethereum’s ERC 1400, the goal was to disintermediate some of the legal,
financial, and administrative overhead from the securitisation process (Dossa,
2019; Micheler, 2015). Another similarity between the approaches ensues from the
purpose of the asset. Both securitisation and tokenisation are used as a means of
financing (Schwarcz, 2013). However, tokenisation goes a step further and can also

be used for: (1) verification of the rights of ownership of an asset; (2) tracking the
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transfer of ownership from one individual to another; and (3) digitising an asset to

allow for integration with external systems (Kim, 2018).

Similar to the process of securitising an asset, the ability to embed functions of a
traditional financial asset (for example, allowing an asset to be subdivided and

traded) are important components of tokenisation (Hubbard & Hubbard, 1994).

3.2.2. Digitalisation and the Tokenisation Landscape

Digitalisation refers both to a transformation from “analog” to “digital” (for example,
a shift from cash to electronic payments) and to the facilitation of new forms of value
creation (Guo, 2016). Accessibility (increased access to data), availability (always
online and ready to be used), and transparency (full access to the transaction history

of all users) are examples of value creation (Bauer et al., 2018)

Asset tokenisation in financial markets involves transforming existing financial
processes such as settlement, asset reconciliation, or general infrastructure by
leveraging blockchain technology (Fehrenbach, 2019). It also promotes transparent
use of existing data through a distributed ledger (Roeck, 2019). Transforming an asset
from analog to digital, whether through tokenisation or digitalisation, attempts to
unlock more functionality, and DLT-based networks enable increased functionality.
Transforming an object from its current form can open up its digital counterpart to

new and previously unknown potential and functionality (Hagberg et al., 2016).

Therefore, the research objective of this chapter is to investigate whether this
transformation of assets is worthwhile for an organisation. To achieve this objective,
a framework was created as a decision support tool with the goal of helping to facilitate
a discussion on evaluating how suitable an asset is to the tokenisation process. To
ground this chapter’s research in traditional finance where tokenisation evolved from,
tokenisation is viewed as a combination of securitisation and digitalisation, and these
will provide the foundation for the framework. To evaluate the impact of tokenisation,
the change in the underlying asset characteristics must be examined. The
characteristics of the as-is version of the asset are compared with the tokenised to-be
version of the asset. In order to determine if the process of tokenisation impacted the

asset, the impact to its business value and its disruptiveness are determined. An
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examination of how to evaluate the impact of tokenisation leads to the following

research question: How does the process of tokenisation impact an asset?

The remainder of this chapter begins with a systematic review of the key relevant
literature. An analysis of the literature finds the key concepts from which a
tokenisation impact framework is created. Three organisations are used as examples,

using the framework to demonstrate the impacts of tokenisation.

3.3. Impacts of Tokenisation

To understand how tokenisation impacts an asset, Webster and Watson (2002)
systematic method of literature review was followed. Using Vom Brocke et al. (2009)
key terms such as “tokenisation”, “securitisation”, “digitalisation”, “tokenisation of
assets”, and “distributed ledger technology”, were searched for. From this, the concept
centric matrix in Table 3-1 was created to summarise existing literature in the areas of

securitisation, digitalisation, and tokenisation by identifying recurring themes across

a total of 23 papers (Webster & Watson, 2002).

The key concepts synthesised from the literature are liquidity, composability,

information, actors, settings, and offerings:

Liquidity shows where the research discussed the degree to which an asset or security

can be quickly bought or sold in the market without affecting the asset's price.

Composability shows where the research discussed the degree to which an asset can
be pooled to share risk across multiple parties or can be subdivided to aid

diversification.

Information shows where the research discussed the degree to which an asset increases
information availability, which aids in decision making or reduces the level of

information asymmetry amongst parties.

Actors shows where the research discussed the degree to which an asset enables new
forms of agency for traditional actors, supports the separation of different actors’ roles,

or disintermediates existing actors or creates new actors.
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Settings shows where the research discussed the degree to which assets can change

existing marketplaces/platforms, cause a merging of current platforms and

marketplaces, or enable the creation of new marketplaces and platforms.

Offerings shows where the research discussed the degree to which assets enable

changes to traditional products or services, the extension/reduction of traditional

product/service offerings, or enables the creation of new bespoke products or services

on a mass scale

Author &

Year

Liquidity

Composability

Information

Actors

Settings

Offerings

(Ainsworth
& Shact,
2016)

(Aitzhan &
Svetinovic,

2016)

(Ekblaw et
al., 2016)

(Brandon,

2016)

(Danezis &
Meiklejohn,
2015)
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(Fujimura et

al., 2015)

(Hayes,
2016)

(Korpela et
al., 2017)

(Mainelli &
Smith, 2015)

(Mettler,
2016)

(Nakamoto,
2008b)

(Nguyen,
2016)

(Lee &
Pilkington,
2017)

(Rosenfeld,
2012b)
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(Sikorski et
al., 2017)

(Tian, 2016)

(Yasin &
Liu, 2016)

(Y. Yuan &
F. Wang,
2016)

(Zou et al.,
2016)

(Westerkamp
etal., 2018)

(Treacher,

2018)

(Sehra et al.,
2018)

(Chevet,
2018a)
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(Lockyer, X X
2018)

Table 3-1 Concept Centric Matrix of Factors Involved in Tokenisation

The six key concepts identified in the concept centric matrix were then divided into
two categories based on their impact. Three impacted the business value derived from
tokenising the asset and the other three impacted how disruptive the asset was for the
organisation after being tokenised. Table 3-2 shows the concepts in their categories.
Section one details the business value elements of tokenisation: liquidity,
composability and information. Section two details the disruption elements of
tokenisation: actors, settings and offerings. These disruptive impacts can be positive,
neutral. or negative depending on how disruptive the tokenisation of an asset is to the

market from the company’s perspective.

Section 1: Business Value (Does it impact?)

Liquidity?

Composability?

Information?

Section 2: Disruptiveness (How does it impact?)

Actors?

Settings?

Offerings?

Table 3-2: Introducing the Framework Components
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Some of the concepts seen in Table 3-2 are adapted from chapter 2, others are based
on the concept centric matrix which focused specifically on tokenisation and the
impact it has on business value and disruption for an organisation. As seen below in
Figure 3.1, the information component of the framework derived in this chapter was
based on the three data components (owner, data and contract) of the digital asset
characteristics framework presented in chapter 2 and was examined in more depth
with the help of the concept centric matrix. Similarly, the ‘State’ component from the
framework created in chapter 2 was adapted based on the concept centric matrix to
become the ‘Actors’, ‘Settings’ and ‘Offerings’ components in the tokenisation impact
framework. The ‘Composability’ component of this chapter’s framework originated
entirely from the previous chapter. An asset's ‘Fungibility’ can increase the liquidity
of an asset by allowing it access to new markets. Therefore, the ‘Liquidity’ component
of this chapter’s framework was also derived from chapter 2. The evolution of the
concepts from chapter 2 and their relationship to the framework in this chapter can be

seen in Figure 3-1.
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. . Tokenisati
Digital Asset okenisation

Impact
Framework
Framework

Liquidity

Decide Data Composability

Decide

Contract Information

Composability Settings

Fungibility Offerings

Chapter 2 »Chapter 3

Figure 3-1 — Component Origins of the Tokenisation Impact Framework

Dividing the concepts into two categories allows an assessment of the impact of
tokenisation. In the next section, how these categories work as part of the framework
is explained. This framework then uses a scoring quadrant to quantify the impact of

tokenisation to facilitate a discussion on whether an asset should be tokenised.

3.4. The Tokenisation Impact Framework

This chapter uses existing literature to derive a framework that helps measure the
impact of tokenising an organisation’s assets. Therefore, as a conceptual framework,
it acts as an enabler for a discussion to happen around two areas: (1) how much
business value is derived from tokenising a specific asset and (2) how much would
tokenisation disrupt an organisations asset and its market. The purpose of the

framework is not to theorise whether tokenisation will work. Instead, it frames
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decision making in such a way that it will help people decide if it’s beneficial to
tokenise the asset in question. As such, the framework gives individuals a strong
foundation for further research to be conducted on tokenisation as an enabler. The
following section details how this framework works. To clarify the explanation, in
section 3.5, three concise examples of how the framework is applied are detailed.

These demonstrate real examples applicable to business.

Figure 3-2 presents the six components of the Tokenisation Impact Framework. The
framework is divided into two distinct sections which are based on the asset’s impact
on business value and organisation disruption upon tokenisation. Section 1 deals with
concepts gathered and adapted from digitalisation literature (liquidity, composability
& information), mainly from Hooker (1999). This section looks at how much value is
created for the business upon tokenising one of their assets. Section 2 relates to
concepts gathered from securitisation literature (actors, settings & offerings), mainly
from (Merton & Bodie, 1995). This section analyses how disruptive tokenising one of
a company’s assets would be on the organisation. This disruptiveness can be either
positive or negative for the company in question. For example, tokenising a private
limited company would remove intermediaries and increase market share. Therefore,
it would be a positive disruption for the company. In contrast, if a publicly listed
company chose to be tokenised, they could lose access to partners and investors

causing negative disruption.

Several ‘environmental conjectures’ are required when applying the framework on a
theoretical level. Environmental conjectures refer to conditions that must be stated
when applying the framework to set the situational context for the asset.
Environmental conjectures would not be required if using the framework in a practical
business context as the information would be readily available (Jones, 2003). It is
imperative to clearly define the nature of the asset, as well as defining the conjectures
about the nature of the asset and the regulatory environment surrounding it. This
process requires the user of the framework to explore different asset characteristics
that may be fundamentally changed after the tokenisation process. To investigate the
impact of tokenising an asset, those elements are outlined across both sections in

Figure 3-2.
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Section 1: Business

Value
Does it impact:

Liquidity?
Composability?
Information?

Total (e.g. +2)

Section 2: Negative Positive
Disruptiveness (-1 +D
Impact:

Actors?
Settings?
Offerings?

Total (e.g. -1)

Figure 3-2: Overview of Tokenisation Impact Framework

In section one there are three binary decisions regarding the ‘Liquidity’,
‘Composability’ and ‘Information’ aspects of the asset. The user answers a series of
questions on a specific asset that is to be tokenised with each question getting a ‘yes’
or a ‘no’ answer, where yes indicates that tokenisation would result in a change of
business value and a no indicates that there would be no change in business value upon
tokenising the asset. In section two there are three decisions regarding the actors,
settings, and offering aspects of the asset. By tokenising an asset, the company can be
negatively disrupted, neutrally disrupted, or positively disrupted. An example of
negative disruption would be a business losing money as a result of tokenising an
asset. For neutrally disruptive, the organisations place in the market would stay the
same; tokenisation wouldn’t disrupt the organisation in either a positive or a negative
way. Finally, positive disruption would give companies who tokenise assets access to

new markets or increase their market share.

The sum of these ratings provides a “tokenisation impact rating”. In section one this
rating ranges from zero (0) to three (3). For section two the ratings range from negative

three
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(-3) to positive three (+3). Therefore, the highest accumulative rating would be (3,3)
and the lowest would be (-3,-3). If an asset receives the highest rating (3,3) it’s a strong
indicator that tokenising this asset would create large amounts of business value while
having a very positive disruptive impact on the organisation and its place in the market.
In contrast, assets that achieve the lowest rating (0,-3) are seen as unlikely to create
any business value and it’s likely that the organisation would be negatively disrupted
by tokenising the asset. This could cause them to lose money or market share. To see
the impact the asset would have in terms of business value and disruptiveness of a
specific asset, the totals from section one and two are plotted on the Tokenisation

Impact Quadrant. As seen below in Figure 3.3.

Business Value Impact

-3 -2 -1 0 1 2

Disruptive Impact

Figure 3-3: Tokenisation Impact Quadrant

This quadrant gives businesses a visual representation of the impact tokenisation of an
asset would have on their business. This quadrant acts as a tool to facilitate a
discussion around tokenisation and whether businesses should tokenise their assets or
not. In the next section, three real examples of assets are selected and examined with
the framework. The ratings received by these assets are then plotted on the

tokenisation impact quadrant to demonstrate the impact of tokenising these assets.
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3.5. Application of the Framework

To evaluate the utility of the framework, as mentioned in section 3.3, several
environmental conjectures must be listed to frame the potentially disruptive effects on
extrinsic elements (actors, settings, and offerings). In the next section, three assets are
examined using the framework: a private limited company; a publicly listed company;

and an in-game currency. For each of the assets, the information collated during an
examination of literature on the respective assets consisted of the background
information on the asset class, why that asset was chosen, uses of the asset class, the

asset using the framework and justifying framework choices.

3 o

1. Private Limited Company

2. Publicly Listed Company
3. FIFA In-Game Currency

A :

Business Value Impact

: ;|

-3 -2 -1 0 1 2 3

Disruptive Impact

Figure 3-4: Illustrating Three Use-Cases of the Tokenisation Impact Quadrant
3.5.1. Private Limited Company - Single company

In this section, a Private Limited Company (PLC) was reviewed using the tokenisation
impact framework to assess the impact tokenisation would have on the organisation.
A PLC is a business entity that is privately owned and run by its members (Acharya
et al., 2009). PLC’s are limited to fifty shareholders, shares which are forbidden from

public trading, and liability is limited to the corresponding shares that were issued
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(Winston, 2016). A PLC was chosen specifically to highlight one of the extremes of
the tokenisation framework while also analysing how tokenisation would affect the

long-standing tradition of going public to unlock liquidity.

Section 1: Business

Value
Does it impact:

Liquidity? X
Composability? X
Information? X
Total: 3/3
Section 2: Negative Neutral Positive
Disruptiveness -1 ()} +1)
Impact:
Actors? X
Settings? X
Offerings? X

Total: 3/3

Figure 3-5: Use case of a private limited company

Liquidity: Privately owned companies have access to a small range of investors and
financing in comparison to their public counterparts. Tokenising unlocks liquidity by

allowing the PLC to trade equity positions more easily.

Composability: Tokenising could allow a company’s position to be changed over
time. For example, a company may change its status from private to public or vice

versa.

Information: When tokenising a private limited company new information, such as
disclosing certain business and financial information, will aid decision making and

decrease information asymmetry.

Actors: As this is a new marketplace, new intermediaries will enter to fill these

positions.
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Settings: New marketplaces and platforms will be created to transact tokens of private

limited companies.

Offerings: New spin-off assets such as derivatives could be extracted upon tokenising

a publicly listed company

3 o

Business Value Impact
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Disruptive Impact

Figure 3-6: Impact of tokenisation on a PLC

As shown in the figure above tokenising a private limited company results in a
business value rating of three (3) and a disruptive rating of three (3). This rating
implies that tokenising a PLC would be highly beneficial for the organisation. It would

increase the company’s value and be positively disruptive.

3.5.2. Publicly Listed Company - Single company

A public listed company can be classified by two primary characteristics: the
company’s securities trade on public markets, the company discloses certain business
and financial information regularly to the public (Commission, 2011). An Initial
Public Offering involves the issuance of stock to a large number of diversified

investors. This provides liquidity to investors who were already previously invested
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in the company and allows new investors to gain exposure to the company (Ibbotson,
1995). Listing on the public markets, though, brings increased regulatory and

compliance burden in comparison to a private company.

Section 1: Business

Value
Does it impact:
Liquidity? X
Composability? X
Information? X
Total: 0/3
Section 2: Negative Positive
Disruptiveness -1) +1)
Impact:
Actors? X
Settings? X
Offerings? X

Total 0/3

Figure 3-7: Use case of a publicly listed company.

Liquidity: Publicly listed companies already have access to a wide range of investors

and financing in comparison to their private counterparts.

Composability: Shares, index funds and other investment vehicles already allow
investors to choose a wide range of investment allocated sizes. Tokenisation of public

shares would not necessarily increase range.

Information: By tokenising a public listed company there is no change in information

that aids decision making and information asymmetry is not reduced.

Actors: There are many intermediaries involved from the issuance via investment
banks to facilitating a market through stock exchanges. Tokenisation, however, would

have little effect on reducing the number of intermediaries in the current landscape.

Settings: Existing marketplaces and platforms would be unaffected.



Offerings: There would be no additional asset or offerings as a result of tokenising a

publicly listed company.

3

Business Value Impact
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Figure 3-8: Impact of tokenisation on a publicly listed company.

As shown in the figure above tokenising publicly listed companies (number 2 above)
results in a business value rating of zero (0) and a disruptive rating of zero (0). This
implies that tokenising a publicly listed company would not be worth it. It would not

create any business value or positive disruption for the organisation.

3.5.3. FIFACoin: An In-game Currency

The in-game currency for a videogame called EA Sports” FIFA 2020 was reviewed
using the tokenisation impact framework to assess the impact tokenisation would have
on the organisation. FIFA is a football simulation video game playable on PlayStation,
Xbox and PC (ElectronicArts, 2019; Tan, 2019). In the games’ ‘Ultimate Team
mode’, a player can receive FIFA Points by playing games or players can use their
debit or credit card to purchase more FIFA Points (Vincent, 2019). These points can
then be used to purchase individual players or groups of players called FIFA Ultimate
Team or FUT packs (Vincent, 2019). FIFA’s in-game currency was chosen to see how

tokenisation would impact FIFA’s ability to monopolise their in-game currency sales.
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Upon tokenising FIFA Points, for the purpose of this example called FIFACoin,
players would buy the digital currency on any number of token exchanges rather than
solely by accessing FIFA’s website to purchase FIFACoins. As a result, FIFA would
increase business value while negatively impacting the disruption of the companies

in-game currency.

Section 1: Business

Value
Does it impact:

Liquidity? X

Composability? X

Information? X

Total: 2/3
Section 2: Negative Neutral Positive

Disruptiveness -1 (0) +n

Impact:

Actors? X

Settings? X

Offerings? X

Total: -2/3

Figure 3-9: Use case of FIFA’s In-Game Currency.

Liquidity: FIFA Points can only be purchased on FIFA’s website and are difficult to
convert back into fiat currency. Tokenising unlocks liquidity by allowing FIFACoin

to be bought and sold on token exchanges, thus increasing the marketplace
Composability: Tokenising in-game currency doesn’t change its composability.

Information: The price of FIFACoin would increase because there are more ways to
value it due to the involvement of more people. Information asymmetric is no longer

centralised and everyone has a fair way of valuing FIFACoin.
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Actors: The only intermediary involved in the issuance of FIFA Points is FIFA
themselves. Tokenisation, however, would dilute FIFA’s role as players could

purchase FIFACoin from other actors.

Settings: New marketplaces and platforms in the form of exchanges could begin to

sell FIFACoin.

Offerings: Offerings would be neutral because tokenising FIFA Points could open or
close new opportunities for FIFA. For example, as the markets would set the price of
FIFACoin, the FUT packs could sell for a higher price. Conversely, FIFA could also

lose money because they no longer control of the price.

Business Value Impact

-3 -2 -1 0 1 2 3

Disruptive Impact

Figure 3-10: Impact of tokenisation on in-game currency.

As shown in the figure above tokenising FIFA’s in-game currency results in a business

value rating of two (+2) and a disruptive rating of negative two (-2). This rating implies
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that tokenising the in-game currency would increase FIFA’s business value but would

negatively damage the company’s disruptive impact.

3.6. Chapter Summary & Next Steps

This chapter makes several contributions to the nascent field of DLT research and
more specifically around the area of tokenisation. This is achieved by aggregating the
existing body of literature in DLT as well as other related fields such as digitalisation
and finance. It also gives context to the tokenisation landscape, which encourages
further exploration from researchers with cross-disciplinary backgrounds. Analysis
reveals some key characteristics pertaining to tokenisation’s effect on an asset.
Presenting these insights in a framework allows further analysis to be carried out on
the effectiveness of tokenisation. Further research is called for in the validation and
impact of the framework itself, exploring whether there are additional characteristics
or parties to take into consideration and the weighting of their importance towards a

tokenisation impact rating.

Additionally, it was observed in the literature that tokenisation can be viewed as a
means of digitalisation and the embedding of financial functionality into an asset. To
accurately evaluate tokenisation, the intrinsic (liquidity, composability & information)
asset structure should be examined as well as extrinsic (actors, settings and offerings)
elements involved in the tokenisation or securitisation of an asset which may be

impacted by the process.

The creation of the digital asset characteristics framework derived in chapter 2 led to
the creation of the tokenisation impact framework. This framework analyses the
impact of tokenisation on business value and disruption. At this point the key
characteristics of digital assets and their associated process of conversion are
understood. It is understood how the tokenisation of an asset will disrupt a market in
which a given organisation operates; however, it is not understood more broadly how
the adoption of digital assets may impact companies in financial services. For the
digital asset framework and/or the tokenisation suitability framework to be willingly

used by companies in the financial services industry, one needs to understand the
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potential impact that the use of digital assets might have on organisations in financial
services and how these organisations can leverage the value associated with using
digital assets. Therefore chapter 4 shifts slightly to investigate how digital assets will
impact business models of companies operating in the financial services industry and

what factors will enable digital assets to change these business models.
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4. Factors affecting digital asset adoption in financial

services

4.1. Abstract

As digital assets and their underlying technology cause disruption in an attempt to
modernise financial services, it still remains unclear what impact digital assets and
this technology — blockchain — will have on how organisations will operate in the
future of the financial services industry. There is yet to be clarity on how organisations
will adopt digital assets into their day to day operations and how organisations may
focus on certain areas in order to leverage the value associated with digital assets.
This chapter looks to investigate what is the perceived impact of digital assets on
future business models in financial services. Additionally, the chapter also looks to
determine what factors will enable digital assets to change future business models in
financial services. In order to address these questions, a series of foresight workshops
are held with industry subject matter experts where the future of finance and digital

assets is the prominent theme.

4.2. Introduction

The previous chapters in this thesis explore the concepts of digital assets and their
underlying technology — blockchain or DLT — within the context of the financial
services industry. In chapter 2, a digital asset is defined as “a data structure
implemented using Distributed Ledger Technology, which can be assigned an owner”.
The concept of digital assets’ underpinning technology, DLT, is also explained in this
chapter. Chapter 2 delves deeper into understanding digital assets as an object and in
doing so, defines a framework for the characterisation of digital assets by exploring
groups or types of digital assets and their associated structural properties. The new
framework laid the foundations for this thesis as it defined what constitutes a digital
asset and how these assets can be characterised based on their structural properties.
Chapter 3 then expands on digital assets and their structural properties to focus on their
associated process of conversion - Tokenisation. Chapter 3 examines how the process

of tokenisation impacts an asset undergoing tokenisation. The framework devised as
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part of chapter 3 determines whether it is beneficial to tokenise an asset (i.e. convert a
non-digital asset to a digital asset) and examines the impact of the crucial process of
tokenisation. This provided useful context for many of the digital asset offerings

explored in chapter 4.

With a better understanding of the types of digital assets available, their structural
properties, and an understanding of what benefits can be derived from the use of
tokenisation on assets in financial services, this chapter explores how digital assets
and their associated use-cases could impact future business models in financial
services. In addition, the factors that can enable digital assets to change business
models in the financial services industry are examined. This chapter delves into this
detail by describing a series of foresight workshops that were held with senior
individuals working in the industry with the goal of extracting practical insights from
their expertise. These insights are then analysed using Osterwalder’s Business Model

Canvas as a lens for examining impacts on business models.

This chapter will investigate the impact of digital assets on future business models in
financial services, as well as the factors that enable changes to business models, by

addressing the following research question:

How are digital assets perceived and what factors enable digital assets to

change future business models in financial services?

This chapter investigates the future of digital assets in financial services through a
forward-looking technique known as ‘Foresight’. The aim of a Foresight study is to
establish a vision of the future. It is closely linked with future studies and is closely
associated with scenario-building (Rialland & Wold, 2009). The European Foresight
Institute for Prospective Technological Studies defines foresight as “a systematic,
participatory, future-intelligence-gathering and medium-to-long-term vision building
process aimed at present-day decisions and mobilising joint actions” (European
Foresight, 2005). Foresight techniques used to gather qualitative data for this study
included trend analysis and vision formation, as well as interviews and workshops
with several high-ranking individuals from financial incumbents, FinTech companies,

and law firms.
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In addition to foresight techniques applied as part of the workshop, Osterwalder’s
Business Model Canvas was used as a lens for analysing the data and findings from
the foresight workshops to determine the impact of digital assets on the business

models of companies operating in the financial services industry.

4.3. Literature Review

To answer RQ3 posed in section 4.1 above, a literature review was conducted that
examined two distinct types of literature. One aspect of the literature review examines
literature around the areas of digital assets, with a specific focus on key trends and
potential trends pertaining to digital assets. The second focus of the literature review
1s based on Osterwalder’s business model canvas, which will be used as a lens for the
findings, to better understand the impact of digital assets on future business models in

financial services.

4.3.1. Key Trend Literature

In preparation for a future-oriented foresight workshop discussing the potential impact
of digital assets on financial services, literature on various trends and weak signals
both inside and outside of the financial services industry was reviewed. A weak signal
is essentially the first indicator of a change or an emerging issue that may become
significant in the future (Hiltunen, 2010). They are often identified as part of
environmental scanning in futures studies and can be used to challenge ones
perceptions of futures and expand the selection of alternate futures (Dufva, 2019). This
literature served as the basis for identifying the enabling factors for digital assets in
financial services and potential digital asset offerings to be discussed at the foresight

workshops.

4.3.1.1. Macro Trends

Trend analysis and environmental scanning were conducted on existing literature to
identify relevant trends and signals within the financial services industry. Financial
service providers are dependent on long-term developments to shape the future, so by

taking a similar approach to Deutsche Bank (Rollwagen et al., 2008), the trend analysis
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was extended to include long-term developments, also known as ‘Macro trends*.
Macro trends are trends that are long-term in nature and are more akin to shifts across
a population in a given direction. They generally involve large populations and last
five to ten years or more (Burch, 2018). The macro trends were derived from different
sources with the types of literature reviewed, to derive the trends and signals,
comprising mainly general reports, industry reports, and whitepapers. There are
limited academic papers examining future trends of digital asset and DLT due to the
relatively novel nature of the field. Academic literature was found to be relevant when
identifying macro trends, as these are longer-term and are generally not industry
specific. After identification, these macro trends were classified using a method
known as STEEP analysis. This is a method which identifies, analyses and sorts factors
under the headings of Social, Technological, Economic, Environmental and Political
(Durst et al., 2015). It’s worth noting that macro trends are generally not industry
specific as these are longer term and have more widespread impact (Rollwagen et al.,
2008) than just financial services. Macro trends were identified in this case as they
often feed into micro trends and as such would provide a foundational way to research

and identify micro trends.

Macro trends identified which related to the wider population were classified as Social.
Examples of such macro trends are seen in a United Nations report documenting how
the world’s population is ageing faster than at any other time (United, 2017) and a
paper on how millennial impatience is becoming more prominent through an
increasing culture of instant gratification and ‘next day delivery’ (Stanney, 2017).
Trends classified as technological included concepts such as the potential
breakthroughs relating to Quantum Computing and the effects that it could have on
current technologies (Hurley, 2018), and the advent and adoption of all-inclusive
ecosystems and changes this is bringing about in marketplace structures (Li & Chen,
2018). Political trends were those that involved government activity or intervention
such as a reduction or fall of trust in governments in comparison with previous
generations (OECD, 2017). The Environmental category contains trends that related
directly to the physical environment. As one may expect, there was a focus on the
increasing levels of global warming and pollution (IPCC, 2018; WHO, 2018). Finally,
Economic macro trends were those that related directly to the global economy such as

an increasing level of automation and how this will both create and destroy jobs
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(Manyika et al., 2017), as well as a report from Oxfam on a widening wealth gap
(Hardoon, 2017). The rest of the Macro Trends can be seen in Table 4-1 categorised
by STEEP:

Social Technological

(United, 2017) | Ageing population (Jonas et al., [ Rise of serverless
2019)

(United, 2017) | Population growth (Victoria et al., [ Increase in FOSS
2019)

(World Bank, | Increase in  Life | (Gubbi et al., | Internet of things

2018) Expectancy 2013)

(European Data | Data Privacy | (Hurley, 2018) [ Quantum

Protection Concerns computing
. (Sood, 2023)

Supervisor,

2017)

(Stanney, 2017) | Impatience and Instant | (Li &  Chen, | All-inclusive

Gratification 2018) ecosystems/
(Pollak, 2023) .
change in
marketplace
structures
Economic Environmental
(Kharas, 2017) | Rising middle class (Ipcc 2018) Global warming
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(Hardoon, Widening wealth gap | (WHO, 2018) Pollution
2017)

(Manyika et al., | Automation Political

2017)

(Allen et al., | Spatial economics (OECD, 2017) |[Fall in trust in
2016) governments

(English & | Increasing
Hammond, compliance costs

2018)

Table 4-1 — Identification and classification of macro-trends

As these macro trends were not specific to the financial services industry, it was
necessary to gauge how they may impact it. The identification of these implications
allowed some visibility on how the industry-agnostic macro trends could impact upon
the financial services industry. Due to the wide-ranging landscape of financial
services, and the various areas of the industry that could be impacted by digital assets,
the financial services industry was divided into the following categories: Regulation,
Investor, Infrastructure, Funds and Innovation. These categories were chosen as they
are areas in financial services where digital assets and blockchain could have some
impact. Regulation was chosen as a category based on the findings in chapter 2.
Regulation was discussed as a factor that is relevant to digital assets given they are
somewhat unregulated thus far. Investor was chosen due to the more widespread
institutional acceptance of digital assets such as Bitcoin as assets of value, joining a
large pool of retail investors in this sentiment (Baer, 2020). Infrastructure and
innovation were selected as categories as digital assets and blockchain could cause a
series of changes in these areas of financial services, causing outdated infrastructure

to be revamped (McWaters et al., 2016) and more innovation to occur within the
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financial services industry (Liebenau & Elaluf-Calderwood, 2016). Finally, funds was
included as a category due to the impact digital assets and blockchain could have on

asset management and the funds industry (PwC, 2016a).

Literature on macro trends was reviewed to determine the implications those trends
may have on the wider financial services industry. As can be seen in Table 4-2 below,
each macro trend can be interpreted as having an impact in financial services. For
example, the increase of global warming issues and awareness (IPCC, 2018; WHO,
2018) could affect investors in financial services by causing an increase in investment
in socially responsible causes such as green finance and ESG investments. Similarly,
in the context of technology, the macro trend of all-inclusive ecosystems becoming
more commonplace (Li & Chen, 2018) could lead to technology giants such as Apple,
Facebook and so on moving into the financial space. This logic was repeated for each
macro trend until a set of implications that these macro trends could have on the
financial services industry became clear. These implications formed the basis for the
research which led the identification of the micro trends. The macro trends and their

potential implications can be seen in Table 4-2 below:

Area of
Macro Trends Implication for Financial Services Financial
Services
Ageing population (United, 2017) Smaller  workforce  proportional to | Regulation
population
Population growth (United, 2017) Larger investor pool Investor
Increase in life expectancy (World | Increased investing time horizon Investor
Bank, 2018)
Longer target date funds Funds
New types of passive investing (E.G. | Innovation
Acorn)
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Data privacy concerns (European Data | Custody solutions standardising for PK | Infrastructure
Protection Supervisor, 2017) storage (both)
Data ownership for users
Impatience and instant gratification | Increased risk tolerance Investor
(Stanney, 2017)
Demand for t+0/real time transaction | Infrastructure
settlement (t+0 is an industry term for
instantaneous  settlement of financial
transactions (Law Insider, 2023)
Rising middle class (Kharas, 2017) Larger investor pool Investor
Widening wealth gap (Hardoon, 2017) | Increase in High Net Worth Individuals Investor
Need for alternative investment for | Funds
diversification
Innovation
More tailored High Net Worth funds
Automation (Manyika et al., 2017) Smaller  workforce  proportional to | Regulation
population
Investor
Changing jobs more frequently — passive
investments
Spatial Economics (Allen et al., 2016) | Integrated global financial infrastructure Infrastructure
Rise of serverless (Jonas et al., 2019) Server locations and jurisdictions Infrastructure
Increase in F.O.S.S. (Free and Open | Decrease in traditional cyber-attacks and | Infrastructure

Source Software) (Victoria et al., 2019)

fraud
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Internet of Things (Gubbi et al., 2013) | Increase in retail investors (with ease of | Investor
access to markets)
Quantum computing (Hurley, 2018) Need for quantum cryptography Innovation
All-inclusive  ecosystems/change in | Incumbent led innovation (majority of | Innovation
marketplace structures (Li & Chen, | start-up innovation is incumbent servicing
2018) rather than new asset classes) (both)
Tech giants moving into finance (E.g.
Apple, Facebook)
Global Warming and Pollution (IPCC, | Socially responsible investments Investor
2018; WHO, 2018)
Activist fund manager Fund
Fall in trust in governments (OECD, | Data ownership for users Infrastructure
2017)
Increasing compliance costs (English & | Increase in fees Fund

Hammond, 2018)

Table 4-2 — Macro trends and their associated impacts on the financial services

industry

4.3.1.2. Micro Trends

Now that the implications the macro trends could have on the financial services
industry are understood, the next step is to identify relevant micro trends. A micro
trend is generated by the macro trends. These are smaller in scale and can last 3-5
years (Willimann, 2015). The micro trends were identified as they were more tangible
trends, specific to the financial services industry, which were identified in literature.
The literature documenting these micro trends were discovered by utilising a series of
web searches using keywords from the implications in Table 4-2. For example, web

searches using keywords such as “passive investing increase” led to the identification
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of a report published by Boston Consulting Group on global asset management where
they indicate that there has been record growth for passive products and alternative
investments in recent years (Fages et al., 2018). Similarly, key word searches based
on “incumbent innovation” and “integrated global financial infrastructure” were
carried out which led to the discovery of literature documenting a potential future rise

in blockchain-based cross-border payment systems (Achanta, 2018).

These micro trends, unlike the macro trends, were specific to the financial services
industry. In addition to the micro trends mentioned above, others emerged. For
example, a report published by the European Securities and Markets Authority
presented a trend around the increased adoption of sandboxes and innovation hubs in
the FinTech industry (Esma et al., 2018). Similarly, a report published by IOSCO
(International Organisation of Securities Commissions), spoke about a number of
trends emerging in FinTech. One specific trend was an increase in technology
accelerators, incubators and consortia based approaches for new financial technology
including blockchain and digital assets (IOSCO, 2017). Micro trends directly related
to the digital assets and DLT that emerged included an increase in the prevalence of
projects focussing on the development of blockchain-based cross-border payment
systems (Achanta, 2018; Fnality, 2018), potential creation and adoption of a Central
Bank Digital Currency (Auer et al., 2020; Griffoli etal., 2018) and an increase in DLT-
based Robo-advisors in the wake of the 2008 financial crisis(Jackson, 2018). Other
notable micro trends that emerged were a rise in investing in socially responsible
causes (Davy, 2018) and some financial securities such as Exchange Traded Funds
(ETFs) and blue chip stocks trading 24/7 (Imbert, 2018). It is worth noting, however,
that another older article suggests trading volumes remain small outside of standard
market hours despite the longer opening times in some markets (Kumar, 2011). In
addition to these trends there were others such as real-time integration for blockchain
technology with legacy banking systems (CSFME, 2018) and a report discussing

differences between various exchange volumes(Fusaro & Hougan, 2019).

Once micro trends were identified and associated literature was reviewed, the weak
signals were identified. Weak signals were sought out in the literature as a more
focussed look at what type of use-cases and products were emerging from the micro

trends, and if they could feasibly happen in the future. The weak signals were
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identified by conducting a series of web searches on the subject matter presented in
the academic and non-academic literature for the micro trends. The literature in Table
4-2 above was reviewed to determine what potential future digital asset or DLT
offerings were considered feasible within the financial services industry. Some of the
more popular digital asset related use cases identified from the micro-trends were:
exchanges relying on DLT for their infrastructure (referred to as DLT Exchanges);
stable/intermediary coins’ tokenisation platforms where non-tokenised assets can be
converted into tokenised assets; blockchain settlement platforms for clearing and
settlement of financial transactions; and blockchain based payment systems. Once
these weak signals use cases such were identified, exhibits at the fringes of these weak
signals were identified. In the context of this study, the exhibits were companies or
projects that were actively emitting these weak signals by way of products or services
- in other words, organisations offering products or services similar to the use-cases
identified from the micro trends. The exhibits were identified as a examples of
companies or projects emitting the weak signals, thus providing a potential vision into
the future within the realm of digital assets and blockchain technology. For example,
for the micro trend of financial incumbents integrating DLT to legacy financial
systems, a weak signal was found of these institutions looking to invest in blockchain
settlement platforms which integrate into their existing back office (Ing, 2019).
Further research on this led to exhibits in the area such as Fnality International and
SETL, both of which are companies offering improved operational efficiency for
financial incumbents by developing a blockchain settlement platform (Fnality, 2018).
This process was repeated for each of the micro trends, however for some of the micro
trends there were no weak signals identified which were relevant to the nascent field
of digital assets and DLT. For example, a rise in socially responsible investing (Davy,
2018) is certainly a significant trend within the financial services industry, but no weak

signals emerged in the literature for this trend with regard to digital assets and DLT.

Once a list of companies or “exhibits” was defined, further information on the
companies was retrieved to ensure that they are still active and have enough financial
investment to plausibly be successful. Crunchbase Pro is a platform for finding
business information about private and public companies which includes investments
and funding information, founding members and individuals in leadership positions,

mergers and acquisitions, news, and industry trends (Crunchbase). Crunchbase Pro
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was used to analyse the companies identified to ensure they are currently receiving
funding on solving business problems in the financial industry and are using

distributed ledger technology as part of the solution. This was done by sorting the list

of exhibits by company activity within the 90 days, to ensure that they were still active

within the industry. This reduced the list of companies emitting these weak signals to

less than 15. The companies and projects emitting these weak signals, known as

Exhibits can be seen in Table 4-3:

DLT Infrastructure Based Exchanges

2019)

2017)

Deutsche Borse DLT Swiss Digital Exchange | Stock  Exchange  of
Exchange (FinExtra, (B. L. S. Innovation Hub, | Thailand (FinExtra,
2019a) 2020) 2019b)
Decentralised Exchanges
Binance DEX (Binance, | 0x Protocol (Warren &
2020) Bandeali, 2017)
Stable/Intermediary Coins
JPM Coin_(J. P. Morgan, | MakerDAO (MakerDao, | Facebook’s Diem

(formerly ‘Libra’) (Diem
Association, 2020)

Blockchain Payments and Settlement

Fnality International

(Fnality, 2018)

SETL.io (Basar, 2019)

Institutional Investment Enablers
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Fidelity Digital Assets | Omniex (Omniex)
(Fidelity Digital Assets,
2019)

Central Bank Digital Currency

Project Jasper — Ubin | Report on a Digital Euro
(Bank of Canada & | (European Central Bank,
Monetary Authority of | 2020)

Singapore, 2019)

Table 4-3 — exhibits (companies emitting weak signals) identified

In summary, Trend analysis and the associated literature were necessary components
in this study for a number of reasons. Firstly, the literature reviewed facilitated an
understanding of the trends and potential future scenarios regarding Digital Assets and
DLT in financial services. The trends identified served as a key component feeding
into the foresight workshops. More specifically, the literature review and the flow
from macro trends to exhibits, as demonstrated in this section, allowed a number of
different potential future scenarios to be devised. These futuristic scenarios relating to
financial services and the role of DLT and digital assets in the financial industry were
a key component for instigating and sustaining insightful discussion among workshop
participants. A version of these potential futures is presented to all participants as a
physical artefact with the purpose of developing and leading conversations on topics
such as Central Bank Digital Currencies, DLT based exchanges, and other digital asset

related weak signals identified through analysis of the literature.

4.3.2. Business Model Canvas

Having identified key trends and weak signals associated with the use of digital assets
in financial services as part of the workshop design literature review, it was important

to examine what impact the key trends and signals identified may have on business
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models in financial services. To examine the impact on business models,
Osterwalder’s Business Model Canvas was used as a lens for this study. The Business
Model Canvas (BMC) is a managerial tool which allows a user to describe and analyse
the business model of a given organisation (Osterwalder & Pigneur, 2010). The
Business Model Canvas was used to take insights on digital asset offerings from the
foresight workshops and to determine how these may impact business models of

companies in financial services.

In the book Business Model Generation (Osterwalder & Pigneur, 2010, p. 14), a
business model is defined as a means of describing the rationale of “how and
organization creates, delivers and captures value” (p 14). The suitability of the
Business Model Canvas as a lens for identifying the impacts digital assets could have
on financial services business models can be seen in descriptions of business models
and their use. Towards the start of Business Model Generation, Osterwalder and
Pigneur (2010) describe how the canvas is intended to be used as a tool to question,
challenge, and transform old, outdated, business models. They continue to add that the
BMC help users to determine how they can “turn visionary ideas into game-changing
business models that challenge the establishment—or rejuvenate” if you happen to be
an incumbent (Osterwalder & Pigneur, 2010, p. 6). Given that it was determined in
chapter 3 that digital assets and tokenisation possess an ability to disrupt or change the
status quo within financial services, the BMC seemed an appropriate choice of tool to
determine how digital assets would impact or potentially “rejuvenate” these business
models. Another reason as to why the BMC was chosen as the lens was the way in
which it favours practice orientation (Fauvel, 2013). As the foresight workshop
involves practitioners, the BMC lends itself to an examination of their practical

expertise.
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Figure 4-1 — Osterwalder and Pigneur’s Business Model Canvas (2010)

The BMC will be used to determine how digital assets and their related offerings in
financial services will impact upon business models in financial services. Potential
digital asset products and offerings will be identified in the workshop based on the
participants expertise. The key trends detailed in the previous section, which informs
a physical artefact for use in the workshops, provides the basis to extract these insights
from participants. These offerings are the value created — the V in the BVM. Next,
how this value is created is determined by mapping the digital asset offerings to their
relevant section on the BMC. For example, if an offering provides more ways to reach
a consumer than previous non-digital asset-based methods, then this offering can be
mapped to channels as it impacts a business model by introducing more channels or
ways to reach the consumer. The data extracted from these activities will address the
RQ3 — by examining what impact digital assets have on future business models in
financial services. RQ3 will also be addressed by workshop participants discussing
what is needed to support these offerings or, in other words, what factors will influence
the adoption of digital assets. These discussions and factors will also be informed by
the trends and weak signals identified in the previous section, with the data from the

workshop analysed through the lens of the Business Model Canvas.
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4.4. Methodology

As defined in section 4.1, foresight is “a systematic, participatory, future-intelligence-
gathering and medium-to-long-term vision-building process aimed at present-day
decisions and mobilising joint actions” (Foren Network, 2001, p. 3). Foresight is
particularly suited to the study of emerging technologies for a number of reasons. It is
argued that new technologies have, and will have a revolutionary impact on society
and economics over the coming years (Freeman & Perez, 1988). Similarly, Martin
(1995) concludes that foresight is being utilised globally to help identify important
areas of strategic research and emerging technologies and innovations that are likely
to yield significant economic benefits. This chapter not only aims to identify factors
that may impact the future adoption of digital assets in financial services through
foresight, but also to identify the changes that digital assets could bring about on
business models of organisations in the industry - organisations that are in search of
greater efficiencies and other economic benefits such as increased profits. For these
reasons, foresight is used as the research methodology that would provide insights into
the potential foundational future changes digital assets could bring about on business
models in financial services, as well as determining what factors may impact their
adoption. RQ3 examines what impact digital assets are perceived as having on future
business models as well as what factors will enable digital assets to change future
business models, within financial services. In summary, a foresight study is a forward-
looking technique which is suited to the area of emerging technologies and, as such, it

was selected as the research methodology which forms the basis for this chapter.

4.4.1. Pre-workshop Preparation

This chapter follows guidelines for foresight studies on the dynamic landscape of
financial services and technology as described by the Deutsche Bank Macro trends
team (Rollwagen et al., 2008). They detail in the paper how the use of conceptual tools
are key in leveraging insights in strategic foresights studies, particularly in an
institutional context. Moreover, they discuss how the use of tools that facilitate
interactions between decision makers and people who specialise in foresight can help

to instigate discussions on future developments, challenges, and opportunities.
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Additionally, they add that they have “developed a specific, interdisciplinary synthesis
of different methods to provide a form of foresight suited for the needs in the financial
services” (Rollwagen et al., 2008, p. 11) which combines qualitative and quantitative
methods. As the expected output of the workshops would be qualitative data, the
qualitative methods were adopted for use in this foresight study. These research
techniques associated with foresight studies include horizon scanning, trend analysis
and vision formation. These tools were all utilised to promote better interaction
between participants during the foresight workshops. Trend analysis was conducted
ahead of the workshop as part of the literature review. This can be seen by the
identification and analysis of several key trends during the literature review which
aided in finding a series of weak signals and exhibits within the financial services
industry. These weak signals and exhibits formed the basis for informing some of the
key workshop content. These trends in turn informed the vision formation detailed

below.

An approach similar to that of (Drew, 2006) was employed to map out potential
development paths for digital assets in financial services. Drew details a scenario
planning process for disruptive innovation which has the following steps:
e “the research can be structured to draw on an appropriate range of expert
opinion and internet sources
e creative approaches to group-work and strategic thinking can be used in
process meetings.
e road-mapping techniques widely employed in technology firms can be used to

develop the scenarios.”
(Drew, 2006, p. 246)

The approach adopted for this chapter is similar in that it draws on an appropriate
range of expert opinion and internet sources. It also uses creative approaches to group
work and strategic thinking. However, the scenarios or visions created will be used as

a catalyst for discussion in place of road-mapping techniques.
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A combination of the macro trends, micro trends, and weak signals allowed the
formation of several different potential future visons or scenarios for financial services
and digital assets, ten years into the future. These visions were then combined to one
provocative vision to be presented to workshop participants in the form of a fictional
news article dated in the year 2029. A generic newspaper article generator was used
to give participants a genuine feel and further provoke any discussion or insights they
may have. The idea behind this concept was that if a provocative newspaper article
dated in the future detailing applications of digital assets in financial services was
presented to participants, then this would spark conversation and debate among
workshop participants. This would in turn allow the capture of the insights from these
participants as the seemingly unrealistic nature of the article would cause participants
to speak frankly about how digital assets would impact business models in financial

services, but also on the factors that may enable them.

The article presents some of the concepts identified in the literature review such as
financial markets that are open 24/7, multi-asset decentralised exchanges, Central
Bank Digital Currencies and several other digital asset related concepts. The concepts
were described as being adopted fully in this futuristic vision dated ten years into the
future. This potentially over-ambitious view on digital assets adoption in financial
services should cause participants to provide their expert opinions on the potential
future adoption of these digital asset related offerings, as well as how they may impact

organisations and their business models,

4.4.2. Workshop content

The objective of the session is ‘o gather thoughts and perspectives on the future
adoption of digital assets, their surrounding ecosystem and their viability for
businesses in financial services’ which directly feeds into RQ3. Participants detail
whether or not they thought digital assets would be adopted widely within financial
services, and in doing so they back up their respective arguments by mentioning
factors that could positively or negatively impact the adoption of digital assets. In
addition to this, the inclusion of “their viability for businesses in financial services”
provokes discussion about how organisations may adapt their business models to take

advantage of digital assets and DLT within financial services.
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The workshop is designed in such a way so as to instigate and provoke discussion

among subject-matter experts in the room and encourage intra-table and inter-table

discussion. This allows valuable insights and opinions to be noted, as well as

contrasting viewpoints and various nuances.

This foresight study is facilitated by State Street Corporation through two workshops

in State Street’s Dublin and London offices. State Street’s position as an incumbent in

financial services enabled the inclusion of senior management from prominent

companies operating in this space as participants in the workshop. A list of

anonymised participants, their titles and relevant teams for both Dublin and London

workshops can be seen in table 4-3:

Dublin London

Title Company Type Title Company Type

Team 1 Team 1

VP Innovation Asset VP Digital | Asset
Management Products Management

Software Engineer | Blockchain Tech | Digital Asset | Blockchain
Company Expert enterprise

software
Partner Law Firm Digital Asset | Independent
Consultant

Funds Servicing Asset European Multinational
Management Business Chief Investment Bank

Research Analyst | Asset Head of Product | Asset
Management Management
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CEO & Founder | Decentralised
Exchange
Team 2 Team 2
Head of Innovation | Asset Managing Asset
Management Director Management
Senior  Software | Multinational IT | Business Blockchain
Engineer company Development Infrastructure
Technology
Partner Venture  Capital | Innovation Large Financial
Firm Manager Service Provider
Digital/Payments Banking Founder Blockchain
Strategy Federation Securities
Platform
ETF Products Asset Tech Strategy Stock  Exchange
Management Group
Professor of | University
Financial
Technologies and
IS
Team 3 Team 3
Professor of | University AVP Digital | Asset
Financial Products Management
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Technologies and

IS
VP Digital Products | Asset Partner Blockchain
Management Technology
Software

Founder & CEO Blockchain Start- | Finance Associate | Law Firm

up Solicitor
Founder FinTech Start-up | Head of | Wealth
blockchain Management
Product
Head of Capital | Banking Head of Finance Large FS Provider
Markets Federation

Table 4-3 — Anonymised participants, their job titles and company type

The teams chosen, as seen in Table 4-3, are specifically drafted with the participants
respective roles and organisations in mind. Each participant’s role at their company as
well as their area of expertise are carefully analysed to determine the most suitable
team for them. The objective of the team formation is to ensure that each team was
balanced with expertise from different areas of finance and financial technology, such
as fund management, distributed ledger technology, law/regulation, etc. This provides

a well-rounded discussion for each of the individual sections.

The session consists of presenting a fictional news article (see section 6.2) to each
participant, generated by the trends, weak signals and exhibits identified in the
literature review. Participants are then given time to review the article and answer the

following questions:
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“Based on the fictional article:

1. On what grounds is this vison realistic or unrealistic?

2. What steps are necessary to prevent or promote this scenario?”

These questions were chosen with the RQ3 in mind. Question 1 allows the
identification of digital asset related offerings that have a feasible chance of happening
in the next 10 years, according to industry subject matter experts. This brings about
discussion among participants about how the vision and the digital asset applications
featured in it were realistic or unrealistic. To back up these arguments, participants
provide crucial business context as to why organisations would be likely or unlikely
to engage with such offerings and in doing so, how they would pivot their business or
alter their business models to utilise digital assets. Question 2 encourages conversation
about what steps participants would take to prevent or promote these offerings. This
discussion about the factors that would prevent or promote the offerings in this vision
from happening leads to the identification of the factors that would enable digital
assets to change future business models in financial services. It is also worth noting
that there is no expectation that RQ3 would be answered in exhaustive fashion from
these workshop questions alone. There is an assumption that these questions and the
newspaper article would provoke further discussion which in turn would provide more
insight.

Each team has a flipchart with a page divided into four equal-sized quadrants. Each of
the 4 quadrants are labelled Realistic, Unrealistic, Prevent and Promote respectively.
Each person is provided with sticky notes and after reading are given time to discuss
the questions within their team and answer accordingly using sticky notes and the
flipchart. Each team then nominates a spokesperson briefly present the insights of the

team. An inter-group discussion then takes place.
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Section Duration Output

Introduction 5 minutes N/A

Intra-group Exercise 20 minutes Populated Flipchart
Present Group 10 minutes Brief Presentation
Insights

Inter-Group 20 minutes Discussion
Discussion

Table 4-4 — Individual session timing breakdown

4.4.3. Post-workshops analysis

As there were two workshops that took place, steps are taken to ensure that common
themes and discussion points across both sessions are effectively analysed. Once all
the relevant notes are gathered and collated from a workshop session, each flipchart is
photographed and transcribed to a text-only version. An initial post-workshop
processing is performed on these text-only versions to structure the data so it is more
readable and it clearly identifies those involved in the various discussions that took
place across each respective workshop. Once both workshops had concluded, these

text-only versions are collated into one large master document which is then analysed.

To do this analysis, the next step of the process is to extract the relevant themes from
the discussion. The notes are analysed with a specific concentration on the major
themes discussed during each session. A round of open-ended coding (Corbin &
Strauss, 1990) is then carried out so that several prominent themes emerge from each
session. This open-ended coding involved taking this master document containing the
raw qualitative data gathered as part of the workshops and reading through it carefully.
The data reflecting the discussions held is broken into sub-sections labelled by specific

themes within the master document. Conversations on the same theme from separate
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workshop sessions are grouped together to ensure that all views on a particular theme
are considered and cross-referenced. Some notes are also captured in a separate
document to highlight the rationale behind the theme identification as part of the open-
ended coding. The themes identified from the open-ended coding then form the

building blocks for the theoretical analysis conducted in the next section.

4.5. Findings

This section presents the findings from the foresight workshops, organised around

RQ3:

How are digital assets perceived and what factors enable digital assets to

change future business models in financial services?

The analysis of the workshop data reveals five potential digital asset related offerings
which could significantly impact future business models in financial services and
seven factors which are perceived to enable digital assets to change future business

models in financial services.

4.5.1. Perceived Impact of Digital Assets on Business Models (RQ1)

The following section outlines five digital asset offerings identified throughout the

course of the workshops which could impact business models in financial services.

4.5.1.1. 24/7 Exchanges

The first digital asset related offering which is perceived as impacting on business
models in financial services is that of financial markets that operate 24 hours, 7 days
a week, also referred to as 24/7 exchanges. Digital assets are related to 24/7 exchanges

as in these proposed offerings, digital assets such as tokenised securities will be traded
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on 24/7 exchanges autonomously through the use of smart contracts. Digital assets —
and smart contracts - enable 24/7 exchanges as the smart contracts enable the
autonomous clearance and settlement of financial transactions without the need for a
financial intermediary. This reduction of the number of intermediaries with a human
element and automation of processes mean that common time constraints in financial
markets could be removed. This removal of time constraints could have a sizeable
impact, by enabling access to new customer segments, introducing new revenue

streams and improved channels to reach consumers.

While exploring the concept of 24/7 exchanges in the workshops, some participants
spoke about the nature of the activity that would occur in these proposed venues. The
participants explained that every security on these trading venues would be tokenised
and the trading venue itself would run on a Blockchain or DLT network, thus
facilitating a level of “autonomy” not currently available to other trading venues.
Another participant explained that automated nature of tokenised markets and
exchanges means that a trade would be “cleared and settled automatically as a
function of a Smart Contract” facilitating this function to be carried out beyond the
9:30am — 5:00pm, Monday to Friday constraints currently applied to financial

markets.

The majority of participants in the workshop believed that a securities exchange
operating 24 hours, 7 days a week would be beneficial to the consumer, enabling new
value creation for two customer segments: institutional and retail investors. Retail and
institutional investors alike could benefit from a 24/7 exchange as the extended
opening hours provide more opportunities for trading as well as inducing more
responsive markets. Retail investors could actively trade outside of working hours,
making it plausible that a casual investor could buy and sell securities outside of their
normal 9-to-5 occupation. Both customer segments could benefit from the ability to
react and trade off the back of relevant news stories that surface outside of trading
hours. This was suggested as a significant benefit at the workshop as it can “mitigate
the rush at 9:30am the morning after a big story surfaces”. Participants also spoke
about the benefits of more significant timeframes for institutional investors to buy and

sell stocks which reduces limitations.
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Another benefit of 24/7 exchanges that would impact business models would be an
increase in some existing revenue streams due to the extended opening hours. For
example, one product and technology expert at a prominent stock exchange group
argued “I believe there are benefits of an open exchange, operating more than 9:30am
to 5pm, Monday to Friday”. He added “the time constraints put on stock exchanges
limit trade volume in my opinion”, comparing them to foreign exchange markets
which now facilitate trading 24 hours a day including weekdays. Another participant
agreed, adding that “frade volume in Foreign Exchange markets dwarfs all of the
world's stock markets and I believe time constraints to be one of the more prominent
reasons why”. He added that “Stocks vs Forex” is essentially “Billions vs Trillions”.
Many of the other participants who were in favour of 24/7 securities exchanges also
cited “increased trade volume” as something that could add value for institutional and
retail investors by increasing an existing revenue stream. Participants believed that
these extended opening hours, made possible through the use of digital assets such as
tokenised securities, would boost trade volume significantly, which in turn could cause
stock prices to increase as there is more demand. This increase in stock prices could
in turn could boost institutional investment portfolios, creating value for many of those
working in the industry by increasing the value of existing revenue streams and adding

new revenue streams previously unavailable.

In summary, the data collected across the workshops indicates the trading of tokenised
securities on tokenised exchanges operating outside of their current hours would have
a significant impact on business models in financial services. As explained above, the
extended opening hours are made possible through the ability of smart contracts to
autonomously settle and clear trades involving digital assets. The data collected at the
workshops shows that 24/7 exchanges could have a sizeable impact on future business
models in financial services for a number of reasons. This impact can be demonstrated
by looking at 24/7 exchanges’ impact through the lens of the Business Model Canvas.
24/7 exchanges would bring about improved Channels due to the less restrictive time
constraints, increasing the prevalence of opportunities to reach customers and
prevalence of opportunities for customers to reach the market. In addition to this, the
extended hours could facilitate additional access to Customer Segments such as retail
investors by offering the ability to freely trade outside of office hours. Institutional

investors would likely also become more active due to the new level of access
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available outside of normal hours. 24/7 exchanges could also lead to a boost in trade
volume by introducing new and effective Revenue Streams for the business models.
The concept of “more market — more money” means that financial institutions will
experience increased revenue due to expanded opening hours and more customers
looking to engage with the market. Nonetheless, increased opening hours would
require a significant additional amount of what the Business Model Canvas refers to
as “Key Resources” to ensure the exchange meets the security and resiliency
requirements for a venue of its type. These are all tangible changes to how
organisations operating in this industry interact with financial markets and all of these
changes are enabled by the use of digital assets — in this instance, Tokenised Securities
— and their underlying technology - DLT. Therefore, a 24/7 exchange enabled by
digital assets would introduce significant impacts to future business models in

financial services.

4.5.1.2. Securitisation & Tokenisation of Assets

The second digital asset related offering discussed during the workshops which will
impact future business models in financial services is the Securitisation and
Tokenisation of assets. The findings revealed that the landscape of securitisation will
likely change over the next ten years as tokenisation impacts upon the traditional
financial process. The process of tokenisation, as explored in chapter 3, will allow
individuals to convert traditional assets into digital assets using DLT. This not only
means that traditionally liquid assets, such as stocks and bonds can be converted into
their digital asset counterparts; but also means that traditionally illiquid assets such as
land and real estate can be converted into representative digital assets, making them
more liquid and easier to sell for those holding them. This impacts future business
models of companies in financial services by enabling new or improved channels for
trading these assets, introducing new customer segments and as a result, paving the

way for new revenue streams.

Most workshop participants believed the greatest impact of securitisation through
tokenisation on business models would be felt mainly by organisations whose current

models focus on alternative asset classes such as real estate, land, cars, and so forth.
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Those dealing with these alternative asset classes would benefit from this as they
would experience a newfound liquidity not previously available to assets of this nature.
This point is backed up by a product and technology expert at a prominent stock
exchange group who sees value for individuals investing in alternative asset classes as
“Digitalisation of other alternative asset classes such as land doesn't exist in the
financial sphere due to these being highly illiquid asset classes”. He and other
participants believe the use of digital assets and their underlying technology to
“securitise and tokenise traditionally illiquid assets” would increase liquidity for
these alternative asset classes, ultimately making them a more feasible investment for
institutional investors. Securitisation through tokenisation would make these
alternative assets — specifically real estate — more liquid by facilitating things such as

“fractional ownership” and “maybe even smart contracts which are legally binding .

A workshop participant working in business development for a blockchain
infrastructure provider believes this generation could also see the tokenisation and
securitisation of individuals such as high-achieving graduates, football players, and
other potentially high-income individuals in the near future. Similar to an income-
sharing agreement, this would involve these individuals distributing tokens
representing equity in their career earnings in return for funding or support earlier on

in their careers.

The data collected around this topic demonstrates the potential value created through
the use of tokenised securities. As stated above, they could grant individuals working
in the industry access to previously illiquid asset classes, opening up new avenues for
them by unlocking liquidity. It’s clear that securitisation through tokenisation will be
a value proposition for many organisations operating in financial services, but it’s also
important to examine how this application of digital assets and DLT would impact
business models in financial services. By examining this from the perspective of the
Business Model Canvas it can be seen that it impacts a number of different aspects of
future business models for organisations operating in the financial services industry.
New Channels to interact with alternative asset classes and investors interested in
alternative asset investment could be introduced if platforms emerge for the trading of
these alternative assets. This opens up a series of new Customer Segments for those

involved, such as Real Estate Investment Trusts (REITs) and also casual retail
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investors who may be interested in owning 20% of a piece of real estate (for example).
As a result of these new Channels and Customer Segments becoming available,
business models can expect multiple new Revenue Streams as accessibility to trading
of alternative asset classes is improved. By opening up these new Channels and
Customer Segments the use of tokenisation and securitisation of assets can introduce
additional Revenue Streams, cementing the use of tokenisation and securitisation as a
digital asset related offering which will impact future business models in financial

services.

4.5.1.3.  Selective Transparency for Regulators

Selective transparency for regulators was a concept discussed throughout the course
of the workshops whereby a financial regulator would have an exclusive level of
access to transaction details, if they so wish. Selective transparency is a feature of
blockchain-based systems where an individual or collective can harness the
transparent nature of the technology to view details of transactions involving digital
assets as well as the details of the counterparties to these transactions. This would
allow regulators to view and analyse valuable information pertaining to any digital
asset transactions within their jurisdiction which is executed on a blockchain-based
system. More specifically, a system using a private blockchain - the type of blockchain
which is most likely to be used in financial services. This feature would enable more
efficient means of governing for regulators resulting in a fairer regulatory
environment. In addition to this, it would enable financial organisations to reduce cost
and effort involved in ensuring compliance. This in turn would impact business
models of these organisations by altering cost structures, affecting key resources used

and key activities performed.

Throughout the course of the workshops, regulation was one of the most frequently
mentioned topics. It came up as a factor which could effectively “make or break” the
future adoption of digital assets and their underlying technology. Selective
transparency for regulators was often spoken about as a potential benefit associated
with the use of digital assets. There were differing views on this proposed feature of

selective transparency and the potential value it could create within financial services.
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Participants in the workshops questioned the feasibility of selective transparency and
had concerns as to how morally appropriate it is. A participant working for a financial
services provider stated that if financial regulatory bodies had access to individual
transactions for auditing purposes, then industry stakeholders would have to advocate
for a softer role by regulators to ensure they don’t over-regulate and, in doing so, stifle
the industry. Despite a negative reaction to selective transparency from some
participants, others saw significant value creation for financial services. The majority
of participants from the London workshops who were more familiar with digital assets
were in favour of financial regulatory bodies being able to view transactions as this
level of regulatory transparency has never been seen before in terms of financial
regulation. The selective transparency would facilitate regulators auditing transactions
involving digital assets and, in doing so, would ensure that each and every organisation
regardless of size is regulated in the same way, thus ensuring a level playing field. A
team from the Dublin workshop agreed that selective transparency is needed for
regulators as a "break glass in case of emergency” type feature. This means that
regulators would have the ability to view one or many transactions in exceptional
circumstances but that they wouldn’t view every single transaction that falls under
their remit, predominantly due to the fact that no financial regulator would have the
resources and capacity to do so. This is made possible as digital assets and their
underlying technology enable it. The transactions carried out which involve digital
assets are performed on a DLT or blockchain based system, which can be completely
transparent in nature, depending on whether it is a private or public blockchain, and
whether or not measures are implemented to enforce privacy among participants in the
system. As a result of this, key stakeholders such as regulators could be able to view
details of the transaction despite playing no part in the transaction itself.
Notwithstanding resistance to this feature from some participants, the majority of
opinions expressed around this feature were positive, indicating that this feature could
be beneficial for people working in the financial services industry across several

different roles and would in turn impact the associated business models.

The use of a Selective transparency feature would allow regulators to carry out their
role in a more effective and efficient manner, thus potentially reducing the effort and
high costs organisations incur to ensure they are fully compliant. This could in turn

impact many different aspects of organisations’ future business models. Firstly, the
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Cost Structure of many organisations would be impacted by reducing the monetary
cost of ensuring compliance with stringent regulations as the regulator has more direct
access to pertinent information they may require. As a result, the regulating body
wouldn’t have to invest heavily in resources to request details from the companies
individually, as they would have access to the details of the transactions involving
digital assets which were carried out by the companies in question. Conversely,
financial institutions would not require as much labour to ensure compliance if the
banks had a direct view, thus reducing costs and impacting the Cost Structures of their
future business models. Additionally, the Key Resources such as costly legal expertise
used to ensure compliance with existing regulations could be freed up to engage in
other Key Activities across the organisation. These points demonstrate that by utilising
digital assets, some of which can facilitate regulatory features such as selective
transparency, the way in which some organisations will operate in the in the financial
services will be impacted. Therefore, selective transparency is an example of a digital
asset related offering which would impact future business models of these

organisations in a positive manner.

4.5.1.4. Decentralised Exchanges

Decentralised Exchanges, or DeX for short, are cryptocurrency exchanges with no
central authority governing the exchange. Transactions are carried out as ‘peer-to-
peer’ transactions with no interference from trusted intermediaries. Digital assets,
namely cryptocurrencies, are the only assets traded on DeX. Similar to the 24/7
exchanges discussed in 4.1.1, DeXs are enabled by Smart Contracts which allow trades
to be conducted with no central authority to verify the transaction, with delivery and
payment of the asset happening in unison. Decentralised exchanges generally only
offer cryptocurrencies such as Bitcoin, Litecoin and Ether as there are little to no
venues currently offering tokenised securities. A decentralised exchange for tokenised
securities and other assets could potentially lower switching costs between providers,
but unlike the previous 3 offerings identified, the impact is neutral-to-negative, not
neutral-to-positive. In addition to this, the use of a DeX creates a level of regulatory
uncertainty as technically there is no central authority overseeing the exchanges, and

essentially less accountability. It’s for these reasons that DeXs could actually impact
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business models negatively by incentivising going directly to the market, without the
proxy of a financial institution, reducing existing revenue streams.

There were differing views regarding both the value proposition for a DEX in financial
services and its feasibility as a trading venue. The difference in opinion was observed
across both workshops. Dublin participants were slightly more attracted to the concept
than the London participants, which could be attributed to a more significant presence
of people working in innovation or FinTech at the Dublin workshop. An individual
working in strategy for a stock exchange group was opposed to the concept of
Decentralised Exchanges, stating “there’s a value proposition for the existence of a
centralised marketplace” affirming that individuals will benefit from “a central
authority overseeing the exchange and policing it to prevent any form of wrongdoing ”.
The data collected as part of the workshops indicates that the feasibility and resulting
value of a DEX may not be all that significant. Several reasons were given as potential
pitfalls for decentralised exchanges. One participant believed the concept of a multi-
asset DEX was unfeasible as “different asset classes are traded on different exchanges
for a reason’” - the reason being that different asset types have different behaviours
and regulatory requirements, and as such a single venue may not be feasible. Another
reason given as to why a DEX creates less value than a centralised exchange for people
working in the industry is the lack of brokers or market makers. A participant at the
London workshop stated that “there’s a lack of viability (of DEX’s) due to the fact
that exchanges have a need for market makers and brokers as liquidity providers for
institutional volume”. This statement expresses the belief that the existence of brokers
and market makers increase liquidity and trade volume on the exchange as a large
cohort of trades done on centralised exchanges are carried out by these middlemen,
whereas on existing DEXSs, such as cryptocurrency exchanges it is generally just retail
investors interacting directly with the exchange. The founder of a newly-emerging
decentralised exchange stated “decentralisation is a problem for AML/KYC (Anti-
Money Laundering/Know Your Customer) measures. Laws (facilitating these
exchanges) won’t be passed until there’s a special (software) application facilitating
this . Two-thirds of participants attending the Dublin workshop were of the opinion
that there is some viability for a decentralised exchange facilitating the trading of
cryptocurrencies, but not one DEX for trading assets of multiple types - specifically

different types of financial securities.

102



Based on the data collected around decentralised exchanges there is some potential
value in their existence such as the lack of a “single point of failure” in terms of
security. “Single point of failure” refers to the potential threat of compromise a
centralised exchange faces, which does not apply to decentralised exchanges.
Centralised exchanges such as the NYSE are governed by a centralised authority and
therefore, if this authority is compromised or goes down, this impacts the whole
exchange. On the other hand, DeXs are decentralised, so if one of the blockchain nodes
hosting the exchange is compromised or goes down, the others remain unaffected
meaning a DeX would have superior resiliency and security in this respect.
Nonetheless, exchanges derive value from the existence of a central authority for
purposes such as institutional trade volume, as well as the existence of some parties to
centralised exchanges such as market makers. If DeX’s were to replace centralised
marketplaces, there would more than likely be a spike in retail investors due to new-
found accessibility. On the other hand, as increased access to markets is available to
the average person, they may be less likely to transact with a financial institution

resulting in reduced trade volume on an institutional level.

Upon examination of the impact of decentralised exchanges on business models of
organisations operating in the industry, the potential impact can be classified as
neutral-to-negative. This can be seen by examining the impact through the lens of the
Business Model Canvas. Digital assets are essential to existence of decentralised
exchanges as it is the assets themselves which are traded on these exchanges, whether
in form of tokenised securities or cryptocurrencies. DeXs offer new Channels, but
these channels are more beneficial for retail and casual investors. These retail investors
would be looking to interact with the market independently of financial institutions
such as investment banks. This could negatively impact a financial institution’s
existing Customer Segments by incentivising these customers to invest directly rather
than through a 3rd party. This in turn could reduce the amount of revenue generated
by the organisations, thus negatively impacting Revenue Streams. Therefore
Decentralised Exchanges are a digital asset related offering which could impact future
business models in financial services; however, the impact is neutral-to-negative

rather than neutral-to-positive.
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4.5.1.5. Central Bank Digital Currency

A Central Bank Digital Currency is a potential digital asset related offering whereby
a central bank would commission the issuance of a digital asset in the form of a fiat
currency. Blockchain technology would be the technology used to underpin a Central
Bank Digital Currency (CBDC), with each unit being a digital asset in its own right.
The introduction of a CBDC would enable faster clearance and settlement of financial
transactions and would also reduce risk associated with these transactions. This would
in turn impact future business models of companies in financial services by altering
cost structures. In addition to this, a CBDC would likely be a key resource for many

organisations operating in the financial services industry.

The concept of a CBDC was explored throughout the foresight workshops. In the
fictional article many futuristic concepts involving digital assets in financial services
were proposed to provoke discussion among participants. CBDC was raised in the
fictional article within the context of the European Central Bank commissioning the
use of a fiat cryptocurrency. This provoked a diverse set of reactions from different
participants. The majority of participants were in agreement that, regardless of positive
or negative consequences, it is likely that a government will issue some form of CBDC
in the next decade. A partner at a law firm specialising in this area stated “it’s (CBDC)
more probable to occur than not” continuing to say that “the ECB will probably want
it”. On the contrary, an independent digital asset consultant believed that the ECB
would be one of the less likely central banks to commission a digital currency: “the

idea of the ECB doing a CBDC is unlikely to me”.

A significant bone of contention around the topic of CBDC was whether or not to use
digital asset tokens for it. A senior partner at a prominent DLT company said: “Banks
currently run ‘digital money’ in this form, what’s different? Everything works
perfectly with just 10% cash. Why do I need blockchain for it?”. CBDC was lauded
for certain efficiencies it could provide such as “traceability” and “anti-
counterfeiting”. Both of these contributions came from an associate solicitor
specialising in digital assets, to which the senior partner from the DLT company

replied, “do we need more traceability?”.
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Other potential benefits of a CBDC suggested in the London workshop were that it
could improve the stability of the payment system by “reducing the concentration of
large multinational companies involved in and controlling our payments systems”.
The multinational organisations being referred to here are financial intermediaries
such as clearing houses, settling agents and stock transfer agents. As discussed in the
workshops, these parties help to verify and finalise financial transactions, but can
introduce additional complexities and risk in the process. Utilising a CBDC would
mean that the roles of these parties could be performed autonomously through the use
of smart contracts. Another significant advantage of a CBDC, which was identified
during the workshop, was how it can “support existing DLT based assets or digital
assets”. It would do so by providing the necessary “payment leg” to buy and sell
tokenised securities. If these tokenised securities proliferate and gain adoption, a
CBDC would facilitate “Delivery versus Payment” which would be a very desirable
feature of new age financial markets. When referring to “delivery versus payment”
the participants were referring to the settlement concept that delivery of a security only
occurs after the payment for the security is made. In the current financial system,
delivery vs payment occur at separate times, with settlement lag causing a delay

between the payment for an asset and its delivery to the buyer.

The use of a CBDC could impact the future business models of organisations operating
in the financial services industry in several ways. Transacting with customers and
other banks are viewed as Key Activities for almost all financial institutions and as
such, a CBDC can be viewed as a Key Resource as it can be used to achieve this
activity in a more efficient and low-risk manner. It can do so by acting as the “payment
leg” for carrying out several different types of transactions on DLT networks. This
could be of significant value to these financial institutions as it reduces time associated
with clearing and settling trades but also reduces risk inherent with these types of Key
Activities. It reduces clearing times as the smart contracts used to conduct transactions
on DLT networks execute the transaction on-chain. Both the CBDC and the asset
being traded, such as a tokenised security are “on-chain” meaning that as the smart
contract for the transaction executes, the payment in CBDC goes from Buyer to Seller
at the same time as the tokenised security goes from the Seller to the Buyer. This
reduces risk and improves efficiency as the payment and delivery of the security occur

simultaneously and without the need for any intermediaries. Through the use of a
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CBDC the trade is settled instantaneously, meaning that as soon as the payment leaves
your account, the security is delivered in your name, eliminating the risk of a
traditional intermediary settling the trade from going bankrupt in the timeframe where
you are waiting for delivery. Both the CBDC and the Tokenised security in question
here are digital assets, demonstrating the important role they play in the use of a
CBDC. This application of digital assets and the associate benefit for companies
demonstrates why CBDC would be a Key Resource for businesses in financial services

and would as a result, impact their future business models.

In summary, a CBDC can add value in terms of achieving settlement finality through
delivery versus payment and reducing large multinational companies stakes in
payment systems. Both of these benefits would introduce significant value for people
working in the financial services industry and in the process would impact business
models significantly by reducing the number of unnecessary Key Partners such as
clearing houses as well as reducing Cost Structures by reducing the number of
intermediaries taking a percentage of each transaction. A CBDC would also likely be
considered a Key Resource for many organisations operating in the financial services
industry due to the benefits and efficiencies it could introduce into the trade cycle, and

therefore its introduction would tangibly impact future business models.
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Figure 4-2 — Osterwalder and Pigneur’s Business Model Canvas (2010) populated

with digital asset-related offerings discussed above

4.5.2. Factors Enabling Digital Assets

In the previous section the impacts that digital assets could have on future business
models in financial services were identified. Now, the question is what are the factors
that will help industry stakeholders to leverage the positive impacts that were
identified. More specifically, this sections looks to determine what factors will enable

digital assets to change business models in financial services.
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4.5.2.1. The Need for Trust

Trust was identified as the key factor needed to enable digital assets in financial
services. In order to leverage the positives of the digital asset related offerings outlined
in 4.1, trust must be placed in digital assets. Workshop participants spoke of how many
people across financial services don’t trust digital assets and DLT, causing a trust
crisis. Financial institutions must ensure consumers get over places of mistrust to
address this trust crisis. Trust is a key factor for enabling digital assets in financial
services not only because trust is an integral part of financial services, but also due to
the fact that trust is inherent to DLT. During the workshop three new risks were
identified in this area. These risks are Market level or Structural risk, Privacy risk, and

Asset level risk. Each of these risks will be explored in this section.

The findings from the workshop reveal that trust is a factor that industry must consider
to enable the digital asset related offerings outlined in 4.5.1. Trust was described by a
participant from the Dublin workshop as "the main factor pushing for transformation
in the financial services sector”’. Given that the implementation and adoption of digital
assets in financial services will involve a significant transformation of the industry,
trust is a key factor for enabling digital assets. The general consensus was that trust is
a “pre-requisite” in financial services and that it forms the basis for successful
relationships between various stakeholders across the industry. Approximately 86%
of participants believed that in the current ecosystem, there is a good level of trust
placed in financial institutions, whereas the other 14% believed that there is a lack of
trust between financial institutions and their customers. This finding raised a question
around whether this high level of trust would still apply if DLT was being used
commonly across the financial services industry. The need for trust emerged as the
main key factor that is required to enable digital assets in financial services throughout
the course of workshops. Therefore, if one is to see some of the benefits associated

with the digital asset related offerings in 4.4.1, trust must not be overlooked.

A subject matter expert on digital assets stated that “people want trusted parties
handling their assets and money” and continued to say that “there’s a level of trust
necessary between regulators and consumers also”. This opinion was somewhat
echoed by a partner from a law firm specialising in this area: “People trust physical

banks. The issue here for mass adoption (of digital assets) is placing trust in a system
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or entity, rather than a friendly face at the bank”. These quotes demonstrate the lack
of trust that financial consumers could place in digital asset related offerings in
financial services. For example, in the concept of 24/7 exchanges and Decentralised
Exchanges, the automation of processes previously performed by people may cause
places of mistrust among customers who would be more reluctant to place trust in a

“system or entity”.

Many participants were of the belief that if organisations in the financial services
industry are to leverage the value of the digital asset related offerings outlined in 4.5.1,
then they need to ensure that people get over their places of mistrust. A participant
initiated this discussion by asking “How do you garner trust from a consumer?”. One
of the more proven measures considered by a significant portion of participants was
that of utilising partnerships with established players in financial services or
technology. A partner from a law firm had this to say: "If people trust Facebook, then
they will trust Libra". These techniques were echoed by a different team, where they
spoke about the contrasting implementation techniques of Facebook and Libras
partnership versus that of Goldman Sachs and Apple with the new Apple card. The
founder of a VC firm operating in the FinTech area affirmed that “establishing
partnerships as a means of garnering trust is an effective technique for increasing
adoption of a new technology” and that “this needs to be done more to drive adoption
and change in this area”. Similarly, garnering trust through partnerships which allows
customers to place trust in more established companies, could be an effective way to

increase adoption of digital assets.

Notwithstanding the impact of utilising partnerships as a means of garnering trust,
there still remains more deep rooted issues or “risks” as identified in the workshops.
The trust issues discussed throughout the workshop are not just caused by automation
or the removal of a human element, but by risks that could come with the adoption of
digital assets and their use in financial services. These risks pertain to digital assets
themselves and how they can fundamentally affect or change the financial services
industry, were they to gain widespread adoption. These risks were labelled as
Structural risk, Privacy risk, and Asset level risk, and will be explored in detail in the

following sections.
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In summary, the data collected as part of the workshops indicates that trust is the key
factor to consider when looking at what factors will enable digital assets in financial
services. The lack of trust that consumers and other financial stakeholders have in
digital assets and their underpinning technology can be attributed to three main risks:
Structural risk, Privacy risk and Asset level risk. If industry stakeholders can identify
and address these risks appropriately then it’s entirely possible that digital asset related
offerings such as CBDC, 24/7 exchanges and selective transparency for regulators

could be utilised in financial services in the future.

Structural Risk

The first risk identified which could be a contributor to the lack of trust in digital assets
is referred to as Structural Risk and has to do predominantly with the existing financial
infrastructure in place and roles associated with this infrastructure. If one is to see
digital asset related offerings such as 24/7 securities exchanges, then the existing
financial system and its associated roles and structures will have to adapt or be
removed. 24/7 exchanges, CBDC and other offerings outlined in 4.5.1 will bring with
them benefits and efficiencies but they will disrupt the existing financial structures in
place, as well as the bilateral dependencies across different parts of the financial
system. The adoption of digital assets in financial services will change the status quo
by removing some actors, introducing other new actors, as well as new complexities
and new risk. Therefore, structural risk will need to be addressed to increase trust
among consumers and other financial stakeholders and in doing so, facilitate the entry

of digital assets to the market.

While referring back to the fictional article used in the workshop, one individual who
works in an innovative products team for an asset management company said, “what’s
missing from this consideration of the future is the financial structures already in
place”. This point was reinforced by a senior employee working in innovation for an
asset management company who said that “It’s unrealistic to believe that most
intermediaries will be removed as they all have a role in the ecosystem”. These
statements reveal a need to effectively manage an interdependent ecosystem when

intermediaries with bilateral dependencies are removed. The term bilateral
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dependency refers to intermediaries such as clearing houses, whose role is depended
on by other actors in the financial system, and vice versa. This view of
interdependence was certainly the general consensus among most of the participants,
with another stating “intermediaries won't just go away as there’s still value being

aggregated”.

However, not all participants were in agreement on this. An independent digital asset
consultant stated that “Incumbents will be displaced through on-chain platforms” and
an individual working with a VC firm believed in a more localised form of
disintermediation relating just to the financial role of custodian - “(the) custodial
business function will be boiled down to an on-platform feature rather than a whole
business line”. Both of the individuals expressing opinions that large-scale
disintermediation will occur are involved heavily in the FinTech Industry and this may
be why they seem to express a slightly more ‘tech-centric’ view of the future of

financial services.

One thing that participants from both sides of this argument were able to agree upon
was the inefficient and cost-ineffective nature of the current financial ecosystem in
place. Intermediaries were mentioned several times as a potential reason for this
inefficiency. Participants spoke of how intermediaries “introduce unnecessary risk”
and “delay the settlement of transactions”. Other participants spoke of how these
intermediaries often “have transaction fees” as they can take significant cuts of each
transaction. Despite this, many participants believed they would remain in some
capacity as they are established and have interdependent relationships with other

parties in the current financial system.

The findings suggest that the financial system in its current form is highly
interdependent and inefficient. Digital assets related offerings such as 24/7 exchanges
and CBDC could certainly reduce some of these inefficiencies such as settlement lag
but a significant risk they face is that posed by the existing structures in place, or
‘structural risk’. This existing infrastructure and structural risk in turn erodes away at
the trust which industry stakeholders must place in digital assets in order for them to

be adopted and their value to be realised.
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In summary, a significant factor affecting the potential successful implementation of
digital assets in financial services would be the pre-existing financial infrastructure in
place or, as it’s referred to in this chapter, “structural risk™. The lack of consideration
for the existing financial infrastructure when considering the adoption of digital assets
in financial services creates this structural risk, which in creates a lack of trust among
consumers in the financial services industry. For adequate trust to be maintained and
digital assets to become a valuable and regularly used instrument in financial services,
it will require a variety of functions in a largely interdependent ecosystem to change
their role, requiring significant institutional buy-in and a considerable commitment
across competitors. Therefore, if the financial services industry is to enable digital
assets and enjoy the benefits and efficiencies associated with the offerings presented

in 4.1, then structural risk will need to be addressed.

Traceability/Privacy Risk

Another risk identified during the workshops which could be a contributing cause to
the trust crisis referenced in 4.5.2.1 is that of privacy risk. As previously mentioned in
the literature review section in this chapter, blockchains are pseudonymous transparent
networks and, as such, may cause concern around privacy in financial services, given
the sensitive nature of the vast majority of financial data. Offerings such as 24/7
exchanges, CBDC or other offerings associated with blockchain technology — digital
assets’ underpinning technology — could introduce a level of mistrust among people
in the industry as they may perceive that their data as being exposed to or exploited
by other users of the systems. This risk causing mistrust among financial stakeholders
could have a significant knock on effect on whether or not digital asset offerings such

as those in 4.4.1 are enabled and adopted in financial services.

Concerns around privacy were expressed by some of the workshop participants who
were worried about the degree of traceability that would be possible in the future. A
senior partner from a blockchain software company spoke of how “fraceability is
beneficial down to a certain level. The question is finding that balance” — referring to
the permanent nature of DLT and how if digital assets were used as a means of retail

payment, that individuals’ transactions could be traced back to them, posing a
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significant privacy risk. Other participants discussed a problem which could stem from
the issuance of a CBDC as “privacy issues in violation of Article 8 an article in the
European Convention on Human Rights, which provides the right to respect for private
and family life, home and correspondence. “ECB’s ability to monitor the spending of
each token” could be a breach of this article. Additional concerns around the level of
privacy available to consumers with systems of this nature were raised. An associate
solicitor from a law firm specialising in digital assets spoke of how “we should be
cautious of our right to privacy” and referring to article 8 and the general data
protection regulation (GDPR). The discussion continued with the main theme being

the an outstanding need for a privacy solution on-chain.

Regarding privacy concerns for institutional consumer segments, an individual
working in asset management expressed concern about the “transparent nature of
blockchain” and how this could “make available institutional transaction data that
competitors can use to gain a competitive advantage”. This data suggests that the
pseudonymous nature of DLT may cause a privacy risk when using digital assets and
their related offerings. The reason being that privacy is an integral part of financial
services and transaction data is some of the most sensitive of this data. Transparency
is an important feature when viewing it from a regulatory standpoint, but would
involve revealing transaction data that is not usually available to parties who aren’t a

transaction counterparty.

The findings demonstrate the privacy is somewhat of a sticking point with regards to
the use of digital assets and DLT in financial services. The views expressed by
participants — many of whom work in financial institutions — demonstrate that privacy
is a significant risk which can bring about a lack of trust in digital assets and their
underlying technology. Therefore, if digital assets and some of the offerings outlined
in 4.1 are to become a reality, privacy risk must be addressed in an attempt to negate

this perception of risk associated with the technology.
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Asset Level Risk

The final risk identified as part of the trust crisis referenced in 4.5.2.1 is that of asset-
level risk. At a high-level, asset-level risk is caused by the novelty of new assets. Due
to the novelty of these new assets it’s hard to know for sure how these assets will
behave or be used if they gain widespread adoption. This ties into the trust crisis laid
out above as this is reluctance among financial stakeholders to place trust in the actual
financial vehicle itself and its associated process of conversion - tokenisation. To
ensure that the benefits of digital assets in financial services are realised, stakeholders
will have to ensure that the usage of digital assets is sensible, provides actual value
and, as such, remains stable. This concept was explored throughout the workshop and

based on the data collected it seems as though it may be easier said than done.

Asset-level risk is the idea that widespread usage and adoption of digital assets and
tokenisation — especially in financial services — may not be such a positive thing. Based
on the feedback provided as part of the workshop, asset-level risk for digital assets
was caused mainly by concern around the process of tokenisation. There were
concerns that digital assets could lose their purpose and value if institutions and
individuals begin tokenising assets to a point of granularity where it somewhat loses
its initial purpose and creates an unnecessary level of complexity and confusion. The
example of real estate was used by a participant to emphasise this point. The
participant asked about if people begin tokenising real estate and engaging in
fractional ownership of it, to what level of granularity do they drill down to. He added:
“what’s the benefit of owning 10 metres squared of an apartment?”. The point being
made here is, it’s one thing to tokenise an entire property but if you engage in fractional
ownership of an apartment, where do you draw the line? Some of the other discussions
at the workshops consolidate this point - a partner at a blockchain software technology
company suggested the idea that “not everything should be tokenised” and did not
believe that self-tokenising platforms such as Polymath and Harbor are applications

of this technology that should be promoted.

In addition to this, some participants were of the view that widespread tokenisation
could cause chaos by over-complicating things. This point is summarised by one
participant who said that by tokenising assets that don’t need to be securitised you

“over-complicate something that was initially intended to simplify”.
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In addition to these points — there is a slight cause for concern on how exactly the link
between representative digital assets and their underlying asset would be established.
For example, if you have a collection of digital asset tokens which represent a piece
of real estate which you don’t live in, how do you link the asset tokens themselves to
the underlying asset and prove ownership? Ownership deeds can be held up in a court
of law as they are legally binding documents, but digital asset tokens are not legally
binding when it comes to property ownership and will not hold up in court. A very
similar line of questioning was put forward by participants of the workshops, with one
participant asking “what links these assets to the tokens that represent them?”.
Another participant used an example of the Brooklyn Bridge to explain the current
legal frailty behind the ownership of representative digital assets: “What if you have a
token saying you own 10% of the Brooklyn Bridge — how do you verify this in a court
of law? Trading ownership of the Brooklyn Bridge on Ethereum doesn’t change who
owns it!” citing that intermediaries are still required to change names on deeds of

ownership.
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The findings above indicate that asset-level risk is a genuine concern for financial
stakeholders and could be a detrimental factor to the adoption of digital assets in
financial services. The issues highlighted above such as increased levels of complexity
could in fact act as a deterrent for companies looking to introduce digital asset related

products such as those outlined in 4.5.1.

The increased level of unnecessary complexity and question marks around linking
representative digital assets with their underlying assets are both examples of instances
which could cause people to not trust the technology. For this reason, asset-level risk
is certainly a factor which could impact the digital assets and their ability to be enabled

within financial services.

Now that the concept around the trust crisis and the three risks identified during the
workshop which contribute towards these places of mistrust have been unpacked,
4.5.2.2,4.5.2.3 and 4.5.2.4 will all look at what factors the financial services industry

can focus on in order to make attempts to fix the trust problem.

4.5.2.2. Regulation

The first factor to discuss which could potentially solve the trust crisis is that of
regulation. Regulation was identified in the workshops as one of the most important
factors which could enable digital assets in financial services. Similarly it was
discussed how regulation could also be a factor that could have a negative impact on
the adoption of digital assets in financial services. Regulation — if drafted and applied
correctly — could help financial stakeholders get over places of mistrust with regards

to digital assets and thus is a factor which could help address the trust crisis.

There were several perspectives expressed by workshop participants around digital
asset regulation and how this might be implemented in financial services. Some
industry stakeholders participating in the workshop believed the best means of
addressing regulatory uncertainty around digital assets is through some form of global
framework that would allow for a cross jurisdictional approach. This would entail

several state regulatory bodies working together to manage a technology which could
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make financial services “more global than ever (before)”. Others believed each
individual regulatory body would have to address the issue of digital asset regulation
themselves on whatever timescales they deem appropriate. Participants at the Dublin
workshop considered the concept of a cross-jurisdictional framework to be a more
efficient regulatory approach. For example - a member of senior management in an
asset management company spoke of how “a global regulatory framework is
necessary for these (blockchain-based) systems to work properly”. This perspective
can be contrasted with those of some participants attending the London workshop. The
data collected in London indicated that this issue is not one that can be addressed with
a cross-jurisdictional solution but that every financial regulatory body should take
ownership for their respective jurisdiction. This point is reinforced by an individual
working in strategy for a stock exchange group who spoke of how regulation is
“jurisdictional” and how “domestic business is subject to local regulation”. The latter
seems somewhat more realistic as it was stated that a global regulatory framework
would require a herculean effort on behalf of several regulators worldwide to ensure

there is alignment in thinking between these sovereign bodies.

Many of the applications of digital assets identified in the previous section - such as
decentralised exchanges - propose cutting out middlemen such as brokers and going
straight to the investor for the trading of securities. The findings reveal that this may
be an unrealistic proposition due to existing regulation potentially impeding
companies from doing so. A person working as part of an innovation team at an asset
management company spoke of how “going directly to the investor involves a lot of

regulation that will stop it from happening”, with other participants agreeing.

Another facet to the factor of regulation identified during the workshops was the
willingness of regulators to embrace and legislate for this new form of technology.
The main position on this was that if regulatory engagement was low then establishing
trust and adoption would be severely affected: “There are a number of stakeholders
(currently participating), but if the regulator is not on board, other stakeholders will
fall away and it won’t happen”- (Head of capital markets for a finance-based
federation in Dublin). The general consensus across both Dublin and London was that
regulators can and likely would play a “catalyst role” here, where they can essentially

lead the change by embracing and legislating for the new technology. This catalyst
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role could in turn impact trust in digital assets across the industry. For example, if
regulatory bodies such as the FCA or Bank of England are discussing applications of
digital assets in financial services then industry stakeholders should be able to trust

the technology and its benefits.

The applications of digital assets presented in the previous section, such as Central
Bank Digital Currencies as well as 24/7 exchanges would require significant input
from regulators before they could become live, production systems. As stated by
participants, regulation can act in “catalyst role” and enable trust and innovation in
this field. By this line of thinking, without an appropriately defined regulatory
approach, companies will more than likely struggle to establish support for digital
assets and generate revenue from related products. Conversely, if an appropriate
regulatory framework is defined for the use of digital assets in finance then the
financial services industry could see trust in this new technology improve among
consumers and other industry stakeholders. Companies could then begin to offer new

and innovative digital asset products such as 24/7 exchanges and tokenised securities.

The findings suggest that there are some issues with regards to digital asset regulation
in financial services. Jurisdictional issues and a potential lack of regulatory body
willingness for the technology could become barriers to adoption. However, they also
indicate that regulation will likely play a catalyst role in enabling digital assets in
financial services. It was also suggested that if regulators view and regulate digital
assets in a positive manner then industry stakeholders should have more confidence
and trust in applications of digital assets and their underlying technology. Therefore
regulation is an important factor which could enable digital assets in financial services

and by doing so, address the lack of trust in the technology.

4.5.2.3. Influence of Incumbents

In analysing the workshop discussions on financial disintermediation, the findings
reveal that financial incumbents will more than likely play a significant role in driving
the adoption of digital assets, rather than becoming disintermediated themselves. The

incumbents referred to in this section are existing and established financial institutions.

118



Team 1 at the London workshop concluded that it would be unrealistic to believe that
a large portion of existing financial institutions would lose a significant amount of
market share in the next 10 years, as many of them still have a role in the financial
system. Nonetheless, it was stated by an individual specialising in digital assets with
a blockchain enterprise software firm that "large players must adapt or die". This
sentiment was independently re-iterated in the Dublin workshop by a senior employee
working in the funds industry, who said: “Big institutions will have to buy or die,
otherwise smaller FinTechs are going to swoop in and capture the market share”. The
sentiment of this statement being that if financial incumbents want to remain relevant
within the industry that they will also need to get involved in the nascent area of digital

assets.

The general consensus across the majority of workshop attendees was that financial
incumbents have a significant influence over the adoption of digital assets. Participants
made references to “large-scale digital asset related initiatives ongoing” from the
likes of J.P. Morgan, Deloitte and Fidelity and how companies of their stature have
engaged with this technology, allowing it to mature and gain more widespread
attention as a result. As a result of this, financial incumbents find themselves in a
relatively unique situation as their behaviour could directly affect the adoption of
digital assets in financial services, not unlike how regulators can perform a “catalyst

role” as explained in 4.5.2.2.

However, several participants were of the opinion that this influence exerted by
incumbents can be both a positive and a negative factor affecting the adoption of
digital assets in financial services. Incumbents can take a stance where they “ignore
this new wave of tech and hope that it fades” or they can embrace digital assets and
their underlying benefits for the industry. The former would mean that some of the
largest-scale digital asset related initiatives would cease to exist or may dial down; the

latter could push the area on even further.

There was some evidence from the workshops that incumbents and their influence is
an important factor that could facilitate the building of trust in digital assets in financial
services, and by doing so enable their adoption in the industry. A participant at the
London workshop spoke of how these incumbents need to “stay ahead of the curve

and stop others swooping in. Thus, pushing this area even further forward”. What’s
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implied here is by pushing the area forward through investment and publicising such
engagements, digital asset related offerings such as CBDC and tokenised securities
from several companies and bodies across financial services gain the traction and trust
they need to flourish. The details of incumbent’s offerings in innovative spaces of
technology are regularly reported by leading financial publications which in turn
creates additional interest in the area. This interest could lead to more companies
looking to offer their own flavour of digital asset related offering and can also result
in increased investment in smaller companies with related products. Other companies
may not look to offer digital asset based products such as those outlined in 4.1, but
may look to use these offerings and their inherent benefits to operate more efficiently

within the industry.

In summary, financial incumbents exert a key influence across the financial services
industry. The findings suggest that this influence can be used for good to build trust in
the technology for stakeholders. By engaging in public initiatives and utilising digital
asset offerings such as those in 4.5.1, financial consumers and other stakeholders will
be more likely to trust and adopt the technology itself, therefore enabling it within
financial services. Financial incumbents and their influence can be used to enable
digital assets in financial services and therefore they are a factor which can help solve

the trust crisis with digital assets.
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4.5.2.4. The Need for Education

The third and final factor identified during the workshops which could help combat a
lack of trust in digital assets across financial services is that of education. During the
workshop it was revealed that many financial stakeholders, ranging from consumers
to employees in large financial institutions, don’t have sufficient knowledge on digital
assets and DLT. This lack of knowledge and understanding was identified in the
workshop as a contributing factor to some of the places of mistrust discussed in
4.5.2.1. Therefore, in order to address and resolve this trust crisis it is important that

education is emphasised as a key factor for enabling digital assets.

Digital assets and their underlying technology — DLT - are often construed as
complicated concepts and, as a result, participants of the workshops were confident
that education would emerge as a key factor which could enable digital assets and their
related offerings within financial services if utilised in an effective manner. Education
as a tool for building trust in new forms of technology was a significant talking point
throughout a portion of the workshop. Participants in Dublin promoted the idea of
“educating the masses” as an important method of leveraging the benefits of and
increasing trust in digital assets. They referred to implementing large-scale
educational programmes to ensure a widespread understanding of digital assets. When
discussing the topic of exchanges, a partner at a law firm introduced the topic of
education by saying “It won't be exchanges that change the market, it will be
education”. Others agreed with this statement, adding that if consumers are unable to
understand the benefits of utilising digital assets and don’t have a basic understanding
of the distributed ledger technology which underpins them, then digital assets will
struggle to gain adoption in financial services. Several participants across both
workshops expressed concerns that if their companies offered tokenised securities in
lieu of traditional securities then their consumers would be sceptical and unlikely to
adopt due to a lack of trust in the technology and knowledge of its potential benefits
within financial services. While on the topic, a senior employee working in the funds
industry insisted that one of the most important aspects of education is “educating the

1.7 billion unbanked and getting them to sign up. This should be the goal”.

However, there are certain caveats to be aware of when considering any form of

educational programme regarding this technology. A senior partner at a blockchain
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software technology company said, “Education is a double-edged sword: helpful to
inform the end-user but allows and can draw more regulatory scrutiny”. His belief
was that even though education on the area of digital assets could help digital asset
offerings such as CBDC and 24/7 exchanges become more widespread in financial
services, the technology would also give regulators a more clear view than ever before.
This in turn could lead to regulators being more stringent than they may have been

previously.

Education could be an instrumental factor in fostering more trust in digital assets and
by doing so, facilitating the adoption of digital asset related products in financial
services. As the findings from the workshop indicate, without education on the
benefits of digital assets and a basic understanding of the underpinning technology,
organisations would be slow to introduce digital asset related offerings such as
tokenised securities due to a lack of trust in this new form of asset. Suggested means
of combatting the potential lack of education from the participants included some form
of government intervention or initiative as well as updated school curriculums that
include lessons on financial services and financial literacy. Others noted that there are
already financial institutions providing educational resources on this new age asset in

the form of educational videos and knowledge bases hosted on their websites.

In summary, the findings suggest that education is a factor which is needed to ensure
that digital assets are enabled within financial services and can help to alleviate the
trust issues. The opinions expressed in the workshops by industry stakeholders
demonstrate that there is concern among financial organisations that consumers will
be slow to adopt if these companies begin offering digital asset related offerings. The
representatives attending the workshops from some of the largest financial companies
in the world thought that digital assets and DLT are seen as complicated technological
concepts. This coupled with the participants’ perceived reluctance of consumers to
change from traditional systems will reduce the likelihood for companies to offer or
utilise products such as tokenised securities, CBDC or 24/7 exchanges. If the industry
is to combat this trust issue in digital assets and attempt to boost adoption then they
should engage in educational initiatives which bring about a common understanding

as to how the technology works and what tangible benefits it brings to consumers and
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companies alike. For these reasons, education is one of the key factors enabling digital

assets in financial services.

Regulation @ @
| |
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Figure 4-3 — Demonstrates impact flow of factors in 4.2 on digital asset related

offerings in 4.1

4.6. Conclusion

This chapter presents an analysis of a set of qualitative data to understand the impact
that digital assets and their underlying technology could have on business models of
organisations in financial services. This chapter also sets out to determine the factors
that would enable these changes or for the impacts to business models to occur. The
key data analysed in this chapter was predominantly gathered from a series of foresight
workshops held with experienced professionals working in industries such as

technology, financial services, and law. At a high level, it was determined that digital
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asset related offerings such as selective transparency for regulators, Central Bank
Digital Currencies, decentralised exchanges, 24/7 exchanges and tokenised securities
would impact business models of organisations in financial services in several ways.
It was also determined that factors such as regulation, education, incumbent activity
and trust would also be key in enabling these impacts on business models to occur,

albeit in slightly different ways.

In summary, the findings of this chapter highlight that trust is the key factor to be
considered by organisations operating in the financial services industry if they are to
leverage the perceived value that digital assets could deliver. The reason for trust
holding this place as a key factor is due to places of mistrust across consumers with
regards to digital assets and DLT. More specifically, three main risks were found that
cause these places of mistrust. Structural risk, Traceability or Privacy risk, and Asset-
level risk all contribute to a lack of trust placed by consumers in digital assets. In order
to alleviate these issues associated with this lack of trust, organisations in the industry
must find ways to focus on or emphasise regulation, education and incumbents. By
emphasising these factors and increasing trust, the data indicates that digital asset
offerings will be enabled, which will in turn impact business models of organisations

in the financial services industry. This is shown by the illustration in figure 4-4 below:
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Figure 4-4 - depicts the findings of this chapter and their relationships

This chapter contributes to the theory on digital assets in financial services in several
ways. Firstly, it demonstrates how these new age digital assets could impact business
models of companies operating in the financial services industry which, as per the
literature review conducted at the start of this chapter, was not information that was
previously available. In addition to this, this chapter also contributes to theory by
highlighting the integral role that trust can and will play in the adoption and enabling
of digital assets in financial services. Moreover, this chapter shows how financial
organisations and other industry stakeholders can focus on or emphasise certain
factors in order to increase trust and in doing so, enable digital assets. In theory, the
findings as part of this study could be used as a starting point for a ‘blueprint’ on how
organisations in financial services can enable digital assets in their respective

organisations. In other words, it can work as a guide to facilitating the identification
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of areas that can act as catalyst in their transition into using digital assets especially in

the coming years as this foundational technology becomes more utilised.

Finally, this chapter contributes to the existing theory by collating varied perspectives
on digital assets and their feasibility as an asset of the future in financial services. As
part of the study, qualitative data from several senior financial services industry
stakeholders was captured. This has provided some valuable insights into how large
financial incumbents, law firms and fintech start-ups view digital assets and their
future potential. The discussions that took place, including the various nuances and
contrasting opinions could form the basis for a further study as secondary data and as
such, contributes to existing theory on the topic. There still remains a number of areas
for further research that could provide valuable insights. Firstly, interviewing
regulators to get their opinions as part of a similar workshop could prove to be very
beneficial to the area as a whole. As identified earlier in the chapter, regulators and
regulation will play a pivotal role in future adoption, so the opinions of regulatory

bodies would be invaluable.
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5. Discussions and Conclusions

This chapter concludes the thesis by providing an overview of the research. To provide
this overview, each chapter will be revisited and summarised so the underlying theme
in the research can be understood. The associated research questions for each of the
chapters will also be presented so it can be seen how the addressing of one research
question led to the formulation of the next. Once the research has been summarised,
this chapter will examine the contributions to research and practice that this research
has made in the nascent field of digital assets. After this, the chapter will detail areas
where there are limitations of the research and will present some lessons learned when
conducting research in this area. This will then lead into the final section of the thesis

which presents the overall findings and potential future research opportunities.

5.1. Summary of the research questions

To address the complex and multi-faceted area of digital assets in financial services,
several research questions examining different themes were created. Three research
questions were answered in this thesis, with one explored in each of chapters 2, 3 and
4. All 3 research questions share a common research objective: to investigate the future
of digital assets within financial services and how they may disrupt the current
financial ecosystem. chapters 2 and 3 both address their respective research questions
through the creation of frameworks, whereas chapter 4 addresses its research question

using a foresight workshop.

Section 2.2 details the problem area for digital assets in financial services. The theme
of classification emerges as key topic which can be considered as an enabler for digital
assets in financial services. The sub-theme of regulation emerged through
classification. The current state of digital assets is somewhat hampered by a
misalignment in how digital assets are classified across the industry. At the time of
writing chapter 2, the regulatory frameworks available from government classified
digital assets according to their functions rather than their structural features
(Cryptoassets Taskforce, 2018). This is seen as being an issue as classification by

functions could lead to digital assets changing their given classification at different
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points within their lifecycle. Similarly, regulation was an issue by extension as the
lack of a consistent framework for classifying digital assets could lead to inconsistent
approaches across different regulators, making them harder to regulate in the future.
This can be seen by the discrepancies in some of the proposed frameworks
(Cryptoassets Taskforce, 2018; Finma, 2018; Sec, 2017b). This concept of

inconsistent classification led to the first research question.

Research Question 1: how can digital assets be characterised and classified

according to their properties?

To address RQI, literature-based research methodologies were used. Firstly, a
systematic literature review was conducted which followed the guidelines laid out
byWebster and Watson (2002). A concept centric matrix was used to collate the more
prominent themes in the literature on the field of digital assets and DLT. These themes
were then refined to find those which pertained primarily to structural characteristics
of digital assets. Additionally, the research canvas of March and Smith (1995) was
used as a template from which the digital asset framework was created. This template
was then used in conjunction with the structural components identified in the concept

centric matrix to form the framework.

The chapter found that the main binary structural properties present in every digital
asset were fungibility, composability and state (i.e. representative or native). These
structural elements would form the basis for the framework, but for it to capture all
required information on a given digital asset, some data-based fields would also be
required. For this, a field for the owner (Yasin & Liu, 2016), data store (i.e. data fields)
(Wood, 2014) and (smart) contract functions (Szabo, 1994) were added. Together
these elements form the Digital Asset Framework, which was then evaluated by
applying it to real-life digital assets. The value of the framework can be divided into
three distinct parts. It provides an easy means to classify digital assets, it gives a
method to define an ownership of the asset which could make it easier to track
throughout its lifecycle, and finally and it contributes to a better understanding of some

regulatory implications involving digital assets.

When the structural composition of digital assets was understood through the

framework, there was a need to understand how assets could convert to digital assets
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in the future. The research applied as part of chapter 2 didn’t address this important
element as the scope of RQ1 was to understand how digital assets can be classified
according to their structural properties and not how they can be converted from non-
digital assets to digital assets. Despite tokenisation not falling within the scope of
chapter 2, during the literature review the topic emerged regularly and its importance

became clear. Therefore, tokenisation led to the second research question.

Research Question 2: How does the process of tokenisation impact an asset?

To understand how the process of tokenisation will impact an asset, it was determined
that examining previous similar evolutions could provide a useful basis to work form.
Therefore, to understand how tokenisation would impact the assets, a comparison of
the process with that of securitisation and that of digitalisation was performed.
Tokenisation was compared to tokenisation because the ability to embed functions of
a traditional financial asset, such as that in securitisation, are similarly important
elements of the process of tokenisation (Hubbard & Hubbard, 1994). Similarly,
digitalisation occurs when an object transforms from being analogue in nature to
digital, such as cash to electronic payments (Guo, 2016). Tokenisation in a similar way
involves transforming existing financial processes such as settlement, asset
reconciliation, or general infrastructure by leveraging blockchain technology
(Fehrenbach, 2019), and it also can involve transforming an asset from analogue to

digital to unlock more functionality.

Once the landscapes of securitisation and digitalisation were understood, a literature
review using Webster and Watson (2002) systematic method was followed. This once
again allowed the creation of a concept centric matrix with key themes extracted from
both the literature as well as the previous chapter which relate to digital assets and
their associated form of conversion. The six concepts identified here were then divided
into categories based on their impact. Those which impact business value (Liquidity,
Composability and Information) and those which impacted how disruptive the asset
would be for the organisation tokenising (Actors, Settings and Offerings). These
themes facilitated the creation of the Tokenisation Impact Framework which can aid
as a tool to understand how much business value is derived from tokenising a specific
asset and how much tokenisation would disrupt an organisation and its market. The

overarching purpose of the framework is that it will help to understand if it would be
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worthwhile tokenising an asset. This is done by assigning it a numerical value, which
gives an indication of the potential business value from tokenising the asset. The

higher the number, the more value to be derived from tokenising the asset.

By creating the framework and providing a template to help organisations to
understand how tokenisation could create value for them, the focus then shifted
slightly to how businesses would in fact create this value and disrupt the future of
financial services. To create this value using digital assets, organisations will have to
incorporate digital assets into their business models. With this understanding of how
the process of tokenisation could impact an asset during the process of conversion, the
next step was to understand how these digital assets would impact future business
models of companies in the financial services industry. This then leads to the third and

final research question of this thesis.

Research Question 3: How are digital assets perceived and what factors enable digital

assets to change future business models in financial services?

RQ3 is a forward-looking one, a series of forward-looking research techniques were
required to address it. Foresight research techniques were employed which aim to
establish a vision of the future. Firstly, key trend literature was examined which
provided information on several trends which would contribute in one way or another
to the adoption and usage of digital assets in financial services. These trends and as
well as some weak signals were used to challenge perceptions of future and expand
the selection of alternative futures to be discussed. The identification of the weak
signals was done based on the definition by Dufva (2019; 1). Dufva (2019) defines
weak signals as “an indicator of a potentially emerging issue, that may become
significant in the future”. This key trend literature then led to a series of workshops
with industry stakeholders where most of the significant insights into digital assets and
their impact were derived. In addition to the key trend literature, Osterwalder’s
Business Model Canvas (Osterwalder & Pigneur, 2010) was used as a lens for this
study as it allowed an understanding of how digital assets would actually impact future
business models in financial services. Several of the digital asset offerings identified,
as part of the key trend literature and during the workshop, would impact the future

business models in several ways, with all the impacts being positive in nature.
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Once it was understood how digital assets could impact business models by using the
business model canvas, it was still unclear which elements business would have to
focus on to realise this value. This leads onto the second half of RQ3, around
understanding what factors enable digital assets to change future business models in
financial services. This aims to identify the factors that industry stakeholders can focus
on to leverage the benefits of digital assets and bring about change to their future
business models. During the workshops conducted with industry stakeholders, the
need for trust emerged as a key factor in financial services which is required to enable
digital assets. For this reason, when looking at any risks which may impact digital
assets in financial services, the potential impact of said risks on trust was a key focus.
It was found that despite this key factor of trust was being negatively impacted
recently. There were three potential risks identified, bespoke to digital assets, that were
negatively affecting this trust. They are traceability risk, structural risk, and asset level
risk. It was shown that these risks are likely depleting trust that the industry has in
digital assets. In addition to these future risks, there are other factors, which if
emphasised and addressed by organisations in financial services in the future, could
help to build the trust required to enable digital assets. These factors are education,
incumbents and regulation. By focusing on these factors, organisations can offset the
risks listed above and ensure any potential negative impacts on trust in financial
services are not realised. By doing so and ensuring trust remains, they can then enable

digital assets in financial services, and in doing so, impact future business models.

5.2. Contribution to research and practice

This thesis contributes to the field of digital assets and distributed ledger technology
in several ways, specifically with regards to their use within the financial services
industry. Chapters 2 and 3 contribute primarily through the enhancement of
understanding of digital assets composition, their related processes, and how these
digital assets can be classified. On the other hand, chapter 4 contributes through
describing the impact that digital assets may have in a commercial financial context in
the future. The common contribution throughout is that they all describe in some
manner the potential future application of digital assets in financial services and how

they may disrupt the current financial ecosystem. From the outset chapter 2 sets the
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scene of digital assets as an asset of the future and continues to present a framework
which could aid with their potential classification. Chapter 3 looks to the future by
providing a potential framework which shows the disruptive impact that the

tokenisation of an asset could have on an organisation.

In chapter 2, shortcomings in existing regulatory frameworks for classifying digital
assets are discussed, which in turns leads to the creation of the Digital Asset
Framework and the contributions that this makes to the existing body of knowledge.
Framework proposals by the Cryptoassets Taskforce in the UK and the Swiss
regulatory body FINMA, classified digital assets according to looser functional
properties as opposed to structural properties (Cryptoassets Taskforce, 2018; Finma,
2018). Unlike the other frameworks for digital asset classification that came before,
chapter 2 classifies digital assets according to their structural properties. Therefore,
this chapter contributes to the research by proposing a framework which classifies
these assets not by their functional properties, but according to their structural
properties. This is a contribution as it is the only framework which classifies according
to structural properties, and it negates some of the risks associated with classifying
digital assets based on their functional properties, as existing frameworks do.
Additionally, the most significant contribution to digital asset classification of chapter
2 is to regulation as it can potentially help regulators to characterise and classify digital
assets. This is beneficial to regulators as it provides a consistent means of classifying
digital assets which isn’t tied to any one regulatory body. As the classification is done
based on structural properties, it also means that the classification should remain
constant throughout the lifecycle of the asset, unlike the frameworks mentioned
previously which classify according to functions which can be subject to change
(Cryptoassets Taskforce, 2018; Finma, 2018). However, the framework can also
contribute to a more general technology field as it could be used by business analysts
or solution architects to display complex details about the digital assets in a
decentralised application. It could in effect allows users to map and understand both
the structural components and data components associated with a digital asset. This
could be useful for both technical and non-technical audiences looking at the digital
assets within a decentralised application as they can see the structural and data
components of an asset without having to sift through the code in the smart contracts

for the information. This would be useful in practice as it would allow technical
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professionals to present complex details of digital assets which are scattered across
pages of code to non-technical audiences such as shareholders, project managers and
so on - adding to a more universal understanding of digital assets in decentralised apps

across organisations.

Contributions to the nascent field of tokenisation are made in chapter 3, primarily
through the creation of the tokenisation impact framework. An element of this chapter
which is unique to the field is the comparison of the tokenisation landscape with those
of securitisation and digitalisation. This perspective builds on research done
previously on securitisation (Levine, 2019) and digitalisation (Hagberg et al., 2016)
and opens up the field of tokenisation for further research. The creation of the
tokenisation impact framework contributes to the research by identifying key
characteristics pertaining to tokenisation’s effect on an asset. By utilising the
framework, industry stakeholders could potentially gauge if it is worthwhile to convert
an asset to a digital asset and understand if undergoing the process is likely to disrupt
the market in which they operate. Section 3.4 details the potential value for this in
practice as it demonstrates how shares in a private company are more suited to be
tokenised than shares in a publicly owned company due the lack of existing venues
(or settings as they are described in the chapter) for exchanging these shares, among
other factors. This evaluation could become particularly valuable if digital assets are
to see widespread adoption and as such, the process of tokenisation is to become more

common practice across the financial services industry.

Regarding the commercial applications of digital assets within financial services,
chapter 4 contributes to the existing body of knowledge on the application of digital
assets in financial services in several ways. Firstly, it demonstrates the effect that
digital assets and some of their proposed offerings could have on business models of
organisations in the industry. At the time of writing there were no academic
publications which use the Business Model Canvas (Osterwalder & Pigneur, 2010) as
a lens to determine the impact that digital assets could have on business models, so
this chapter contributes to the research by examining how digital asset offerings could
impact the various elements of business models detailed in the business model canvas.
Moreover, it provides a more generic perspective of how digital assets could impact

business models in financial services, without looking at the business models of
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specific companies. This gives wider reaching and non-specific insights, rather than
impacts that are bespoke to a particular company. In addition to this, the study
identifies trust as a key factor to be considered to enable digital assets. It not only
identifies trust as a standalone factor but shows the factors that both build and deplete
trust, thus showing how in practice industry stakeholders can leverage the positive
factors and try to negate the risks identified to enable digital assets to change business

models within their organisations.

To summarise, the research not only addresses the overarching research objective of
this thesis by investigating the future of digital assets and their tendency to disrupt, but
also contributes to the research and practice by providing frameworks and key insights
for those involved with digital assets in the financial services industry. As can be seen
in the research, chapters 2 and 3 talk about the potential use and value of frameworks
for digital assets. There are specific potential benefits which these frameworks can
provide when applied. While these can provide benefits going forward, chapter 4 looks
at potential future benefits at a higher level. In summary, chapters 2 and 3 offer
potential benefit in specific areas for those working with DLT, whereas chapter 4 is a

broader, higher-level look into the future.

5.3. Limitations of research

As with all academic research, this thesis has limitations. Many of the limitations
presented here became apparent either after the scope of the chapter had been clearly
defined or once the findings had been identified. In any case, the limitations of the

research conducted as part of this thesis are presented in this section.

During the creation of the digital asset framework in chapter 2, the framework was
validated with real digital assets to ensure that it could be used easily to classify digital
assets. One of the intended uses or applications of the framework was to allow business
analysts, solution architects, or other professional involved in technology builds for
decentralised applications to map the digital assets from the system using the
framework. Despite this proposed use of the framework, there was no element of the
research which evaluated the framework for its use by a business analyst or solution

architect. This could potentially have strengthened the argument for the frameworks
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use by technology professionals and could have opened doors for future iterations of

the framework itself.

A limitation of this study also arose during the foresight workshops conducted as part
of chapter 4. The workshops had attendees from various backgrounds within the
financial and fintech industries, but one perspective which was crucially lacking was
that of a regulator. Regulation was identified as one of the key factors in enabling trust
and digital assets, and as such, the perspective of a regulator would have provided
great insight into the future of digital assets in financial services. By including
regulators in the workshops, there would have been an extra dimension to the
discussions that took place in the room; however, the decision to omit regulators was
made before the workshop attendees were finalised as there was fear that their
presence may stifle some of the inputs that other industry stakeholders would have in
the workshops. Therefore, despite the insights that emerged from the foresight
workshops, the inclusion of regulatory personnel would have added an extra element

of interest to the findings.

An additional set of limitations to this body of research pertain to the research
methodologies used across the study. This study employed a combination of
systematic literature reviews, design science research, secondary data analysis and
qualitative foresight workshops. Each approach brings strengths, but also carries

methodological constraints.

While using Webster and Watson’s (2002) and Palvia et al.’s (2003) guidelines
provided rigour, there is still potential for selection bias, as the inclusion of studies
depended on availability in academic databases and researcher judgement. Rapid
technological change in blockchain means that relevant grey literature and industry
reports may outpace peer-reviewed publications, potentially omitting emerging but

unpublished insights.

The design science methodology used in the development of the frameworks in this
study also had limitations. The creation of the Digital Asset Classification Framework
and the Tokenisation Impact Framework required subjective interpretation of
literature findings. While these artefacts were evaluated with real-world cases, such as

MolochDAO and CryptoKitties, testing was not exhaustive across the full spectrum
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of digital assets. Further empirical validation with broader datasets would be necessary
to ensure robustness, especially given the broadening landscape of digital assets

currently.

Secondary data analysis performed on GitHub repositories and whitepapers
throughout this study also have some limitations associated with them. These sources
were selected primarily for their transparency and accessibility but they may not
always represent the complete realities of a given project or venture, especially from
a governance or operational perspective. Publicly available documentation such as
those cited in chapters 2 and 3 could be outdated or selectively presented to reflect

more positive aspects of a given project.

A further limitation of this research is its primary focus on the financial services sector.
The research conducted throughout this thesis is grounded in the context of digital
assets as they relate to financial services. This domain-specific approach enabled in-
depth analysis of digital assets adoption within financial services as well as direct
engagement with relevant industry experts; however, it also limits the applicability of
the findings to other sectors outside of financial services where DLT - the
underpinning technology of digital assets - could be used. Digital assets may exhibit
different characteristics, uses and regulatory challenges outside financial services such
as supply chain management or education. As such, caution should be exercised when
generalising the frameworks or conclusions presented here to domains beyond
financial services. Broader empirical testing and validation in alternative industries

would be necessary to establish the applicability of the findings to other industries.

5.4. Overall findings and future research opportunities

The overarching research objective of this thesis was to investigate the future of digital
assets within financial services and how they may disrupt the current financial
ecosystem. The research presented as part of this thesis addresses this objective across
two distinct streams. Parts of the research in particular address the first element of
research objective by investigating in detail the future application of digital assets in
financial services, both in practical and theoretical terms. Other parts of the research

presented address the research objective by giving an insight into how digital assets
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may disrupt the financial ecosystem. However, these areas of research are not mutually

exclusive and do tend to address the entirety of the research objective to some degree.

The future of digital assets in financial services is delved into through both the digital
asset framework as well as the data gathered as part of the foresight workshops. The
digital asset framework gives a unique view as it shows how digital assets could be
classified by regulators in the future of financial services, thus providing a distinct
insight in practice. The prerequisite research done to create the framework as well as
the data gathered as part of the foresight workshops also provide an understanding of
the future of digital asset in financial services. Digital asset related offerings such as
24/7 exchanges, Central Bank Digital Currency and tokenised securities emerge across
the study, demonstrating their prominence as future applications of digital assets in

financial services.

As stated above, other areas of the research conducted in this thesis contribute to the
understanding of how digital assets may disrupt the financial ecosystem. In particular,
the tokenisation impact framework gives a unique insight into how digital assets —
through tokenisation — may disrupt the financial ecosystem. It does so by providing a
numerical value to the level in which the tokenisation of an asset can disrupt an
organisation, and by extension, the financial services ecosystem. Additionally, the
digital asset offerings that appear across the study all possess a means to disrupt the
financial ecosystem, some in ways that are common, others in ways that are unique to
the offering itself. Offerings such as CBDC and decentralised exchanges can
disintermediate the current financial infrastructure in place by making redundant
financial middlemen such as clearing houses. The research also shows how the
ecosystem and industry could be further disrupted by enacting significant changes
over future business models of organisations and thus significantly changing how

many companies in finance would operate on a day-to-day basis.

To conclude, this thesis demonstrates the potential for digital assets in financial
services and shows how if the right factors are considered, the novel asset type could
see widespread adoption and application across the industry. Similarly, the research
sheds light on the potential disruption that digital assets can bring to the financial
services industry if the appropriate factors are considered. Given the reoccurring

theme of regulation across the span of this study, a potential area of future research
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which could be of value is to delve into the future of regulation of digital assets in
finance. A deep dive into proposed means of regulation for digital assets could build
on the proposals put forth in this chapter to understand more accurately how regulators

will classify and regulate digital assets in finance in the future.
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6. Appendix
6.1. Modelling

DLT systems require a common data structure to allow the exchange of digital assets
across different distributed ledger systems (ITU-T, 2019). Entity-relationship
diagrams (ERDs) are a well-established method for modelling a system’s data
structures and the relationships between them (Borgida et al., 2009). This form of data
modelling was conceptualised in the context of relational databases rather than
distributed ledger systems. The modelling relies on the system administrator’s view
of the data as either an entity or a relationship (Chen, 1976, p. 12). The entity is the
“object where we want to store data” and the relationship “defines the allowed
connections between instances of entities” (Al-Btoush, 2015, p. 1). In a distributed
ledger-based system, a common frame of reference must be established between
organisations to allow the stable exchange of digital assets(Hancock, 2016). In
contrast to entity-relationship modelling, there are working groups such as the
Financial Industry Business Ontology (FIBO) project that apply semantic web
principles to standardise data across the financial industry (Abi-Lahoud, 2016). This
allows for disparate systems to integrate more efficiently and to standardise
communication formats, enabling systems to talk to one another (EDM Council,
2018). A balance between standardisation for integration purposes and freedom to
create new data structures needs to be found for distributed ledger systems to develop
effectively. A framework for modelling the emerging digital asset structures allows
industry to expand upon existing systems while keeping integration with legacy

systems in mind.

6.1.1. Applying the Framework to Multi-Asset Systems

A multi-asset system is a structure that is composed of several underlying assets that
work together to achieve a certain objective. In a distributed ledger system both the
data and the functions exist in the same operating environment. This contrasts with the
traditional software engineering principle of applying separation of concerns to an
application whereby data and the logic which acts upon it are deliberately distinct

(Hiirsch & Lopes, 1995). This allows for iterative development independently of one
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another with the intention of minimising rising technical debt (Kruchten et al., 2012).
This deviation means that the architecture of distributed ledger applications does not
fit completely with object-oriented (OO) modelling, such as in the case of Unified
Modelling Language (UML) (Rumbaugh et al., 2004) or Chen’s (1976) Entity
Relationship Diagrams (ERDs). Since DLT-based applications don’t fit with
traditional OO modelling, the interaction between digital assets in a system must be
formalised. This is essential for the proposed framework to evolve from classification
to a modelling context. Applying traditional Chen (1976) crow notation to the
interaction between two digital assets allows users to better understand the cardinality
of asset relationships. To clarify, crow notation allows the user to visualise the
association of data objects. It shows both the multiplicity (one or many) and
optionality (zero) of a relationship. In multi-asset systems such as DAOs, maintaining
the structural components of the proposed framework gives a conceptualisation of the

value formation. While the crow notation gives design for data instantiation.
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6.1.2. System Level Modelling

MEMBER

Owner
Decide Data

Public Private Key of ETH Wallet

DdegateKey, Shares, Exig, highestindex YesVote

Decide Contract Submit'Votes

State?

Representative

Composable

Composable?
Unique?

Fungible

GUILD_BANK

Owner Summoner

Decide Data

approvedToken

Decide Contract withdraw A ddProposal=———0€  pecide Contract

Representative

Fungible

InvestWithdawl

TOKEN

Owner
Decide Data

Decide Contract

State? Native Representative

Composable? Non-Composable Composable

Unique? Non-Fungible Fungble

Figure 6-1: Digital Asset Framework applied to the MolochDAO system

This figure illustrates the relationship between different actors in a decentralised
autonomous fund (DAO). It shows how members (called ‘MEMBER’) invest money
into a fund (called ‘GUILD BANK"). In return for investing, they are given a certain
quantity of shares (called “TOKENS’). Once a member has joined the pool they can
then get to vote (called submitting a ‘PROPOSAL’) on which type of investments they
would like the fund to invest in. For instance, Amazon, Facebook or Google shares,
might be the agreement. This figure maps out relationships between entities (digital
assets) within a distributed system and consequently portrays both the data and the
structural characteristics of each asset. This is useful for developers and business

analysts to understand the relationship between different assets on a distributed
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system, how they interact at the data level while also demonstrating what the system
looks like at a high level. One would take the template and put in all the data
characteristics (owner, data and contract) which follow a similar convention to entity-
relationship diagrams. Then the structural fields are decided by asking the following
three questions: Is the asset fungible or non-fungible? Is the asset native or

representative? Is it composable or non-composable?

6.1.3. System Level Modelling

This section utilises the framework to model digital assets and decentralised
applications according to their properties. It does this by building upon the existing
tools seen in entity-relationship diagrams by enhancing modelling conventions to
make it applicable to decentralised applications. By using this model, the decentralised
characteristics of an asset are illustrated in a more intuitive way. It also empowers
developers and analysts to see the characteristics of an asset and how they work at a

system level.

142



Owner
Decide Data

Decide Contract

State?

Composable?

Unique?

Decide Data
Decide Contract

Composable?

Decide Contract

Decide Contract

Composable?

withdrawAuctionBalance, createPromoKitty,
createGen0Auction, rescueLostKitty,

Representative

Composable

NON -FUNGIBLE TOKEN
Owner Owner Address
tokenld, supply, to, from

implementsERC721, totalSupply,
balanceOf, ownerOf, approve,
transferFrom, transfer

State? Native Representative

Non-Composable Composable

Unique? Non-Fungible Fungible

Owner
Decide Data

claimant Address

genes, birthTime, cooldownEndTime, matronld, sirekd

siringWithld, cooldownlindex, generation

bid, getKitty, breedWith, b AWithAut

createSinngAuction, approveSiring.

giveBinh

createSiringAuction, createSaleAuction, getAuction,
cancelAuction, transfet, approve, transferFrom

State? Representative

Composable?

Unique? Fungible

ListBuy

AUCTION

Owner

C_Suite

Decide Data addressSeller, startingPrice, endingPrice,

duration, startedAt,

auctioneerCut, sellerProceeds

State? Representative

Non-Composable

Composable

Unique?

Non-Fungible Fungible

Sat Withdraw

Owner

Decide Data

Decide Contract

State? Native

Fungible Non-Fungible Fungible

Owner Owner Address
Decide Data

Decide Contract

ceoAddress
setCEO, setCFO, setCOO, pause, unpause,
setSaleAuctionAddress, setSiringAuctionAddress,
setGeneScience

State? Representative

Composable? Composable

Unique? Fungible

Owner Address

withdrawBalance

Composable? Non-Composable Composable

cfoAddress

Representative

Figure 6-2: Digital Asset Framework applied to Cryptokitties.
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The ‘AUCTION’ is the holding account (equivalent to a bank account in the previous
example) for tokens (called ‘NON-FUNGIBLE TOKENS’ which contain all the
transactional data relating to the CryptoKitty, which allows tokens to be bought or
sold). ‘KITTY" is the data link to the underlying token (for example, attributes of the
cat, colour, pregnant or not, age) with the governance of the DAO being done by the
executives of the distributed ledger system known as the ‘COQ’, ‘CFO’ and the
‘CEQO’. The modelling above as it applies to CryptoKitties allows developers and
business analysts to map out relationships between entities (digital assets) within a
distributed system and helps them to understand both the structural and data
characteristic of each asset within the system. To replicate the system as portrayed in
the figure above, one would take the template and put in all the data characteristics
(owner, data and contract) for a system of their choosing which follow a similar
convention to entity-relationship diagrams. Then the structural fields are decided by
asking the same questions as the previous example: Is the asset fungible or non-

fungible? Is the asset native or representative? Is it composable or non-composable?

6.1.4. Discussion of Framework Application

As illustrated in figure 6-2, using the framework highlights several insights that may
be of interest to a business analyst or developer. All assets in the CryptoKitty system
are native meaning the system is located within a distributed ledger system and there
is no need for external systems integration from an input-perspective. Both
‘AUCTION’ and ‘KITTY" assets are composable, the former due to its inherent nature
acting as a holding account for tokens in the system and the latter as a data link to the
underlying token itself. The CryptoKitty system introduces a ‘C_Suite’ concept
whereby governance of the DAO is controlled by a few executive accounts. The ‘CFO’
being in control of financial transactions, the ‘COQO’ being in control of operational
procedures and ‘CEO’ in charge of assigning each of these roles. This governance
structure poses different risks to that of the previous MolochDAO example from figure
6-2, where a compromised ‘summoner’ account is a risk factor, in CryptoKitties
misaligned incentives between the ‘C_SUITE’ and users may lead to centralisation

problems like those of a conventional organisation.
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6.1.5. Framework Validation

DAOQO’s which appeared in the literature were chosen, and each was taken individually,
and the proposed conceptual framework was used to model the digital assets outlined
in each of the organisation’s systems. Firstly, the organisation’s whitepaper was read
to understand the business problem behind the system and to conceptualise the
architecture of the system. In some cases, system diagrams were provided but no
uniform standard was found across the set and none which solely focused on the digital
assets of the system. Next, the relevant GitHub repositories for both the MolochDAO
and CryptoKitties DAO’s were reviewed to identify assets and populate an
instantiation for each one. We were able to use the digital asset definition developed
in chapter 2 of this thesis to identify the digital assets in the repositories. They each
had three criteria as per the definition: a 1) data object; 2) implemented using
distributed ledger technology (DLT), and 3) which can be assigned an owner. DLT
implementation is guaranteed through the organisation selection process, as a DAO is
inherently encoded upon a blockchain, as per the definition (Chohan (2017, p. 1). This
leaves two criteria (ownership and a data object) to identify a digital asset. The process
for identifying these two criteria for digital assets involved examining the official
development documentation. The official development documentation was in
‘Solidity’, a programming language used to develop Ethereum applications(Buterin,
2019). Data structures can be identified with the word ‘struct’. The second criterion,
ownership, is more varied and there are indicators which can be used to help identify
it. Modifiers that restrict access to functions can hint at assets in the system. For
example, a modifier ‘onlyAdmin’ implies there is an admin asset within the system.
References to an ‘ownable’ library can also be used to satisfy these criteria. Finally, a
reference to an ‘address’ data type can reference an ownership wallet from within the

data structure itself.

To populate each of the six fields of the framework, as seen in figure 2.5 below, a
review was conducted of relevant GitHub repositories for the DAO’s in question. The
ownership field is outlined as mentioned above through references to modifiers,
libraries, and address data types. The data field can be filled out with each of the data
fields composing the ‘struct’ data type. The contract field refers to the functions which

are labelled ‘function’ from within a contract. To assign each function to an asset it
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must be further studied to determine its output. To clarify, when a function interacts
with a specific data object or type that function can then be assigned to the related
asset. The state of an asset can be established with the use of an oracle. An oracle is
any such system that exposes external data for on-chain use(Adler, 2018). When there
is an indication of oracle-use the asset is ‘representative’ but when an asset is wholly
instantiated in a distributed ledger environment, it is ‘native’. Fungibility can be
indicated through various token standards: ERC20 for fungible and ERC721 for non-
fungible. Composability can be established by using inheritance, an object-oriented
programming technique where a class is defined in terms of one or more other classes
(Snyder, 1986). Another novel composability concept illustrated in Ethereum is a
‘payable’ modifier attached to a function that refers to a function that accepts an
additional parameter for an amount of Ether. This, in turn, implies the function and its
related object is or can be composed of a token itself without the implementation of

traditional inheritance.
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6.2. Fictional Press Release

147



7. References

Abi-Lahoud, E. R., Paul-Emmanuel; Muckley, Cal. (2016). Linking Data To
Understand The Fintech Ecosystem. http://ceur-ws.org/Vol-
2044/paperl8/paperl 8.html

Achanta, R. (2018). Cross-Border Money Transfer Using Blockchain-Enabled by Big
Data. White Paper, External Document.
https://www.infosys.com/industries/cards-and-
payments/resources/Documents/cross-border-money-transfer.pdf

Acharya, V. V., Kehoe, C., & Reyner, M. (2009). Private Equity vs. PLC Boards in
the U.K.: A Comparison of Practices and Effectiveness. Journal of Applied
Corporate  Finance, 21(1), 45-56.  https://doi.org/10.1111/.1745-
6622.2009.00215.x

Adler, J. (2018). The State of Decentralized Oracles. Medium.com. Retrieved
10/04/2019  from  https://media.consensys.net/the-state-of-decentralized-
oracles-df45bf0dc51d

Ainsworth, R. T., & Shact, A. (2016). Blockchain (distributed ledger technology)
solves VAT fraud. Boston Univ. School of Law, Law and Economics Research
Paper(16-41).

Aitzhan, N. Z., & Svetinovic, D. (2016). Security and privacy in decentralized energy
trading through multi-signatures, blockchain and anonymous messaging
streams. [EEE Transactions on Dependable and Secure Computing, 15(5),
840-852.

Al-Btoush, A. A.-S. (2015). Extracting entity relationship diagram (ERD) from

English sentences. International Journal of Database Theory and Application,
8(2), 235-244.

Allen, J., Binder-Le Pape, J., Boe, L. J., Brahm, H., Blum, H., Cogan, G., Crawford,
D., Cummings, L., Eames, M., & Hiura, T. (2016). Spatial Economics: The
Declining Cost of Distance. Bain & Company, New York—Dallas.
https://www.bain.com/insights/spatial-economics-the-declining-cost-of-
distance/

Arikan, B. (2019). Accountability in Decentralized Networks: The MolochDAO Case.
Graph Commons. https://medium.com/graph-commons/accountability-in-
decentralized-networks-the-molochdao-case-c28a0b3dd942

Auer, R., Frost, J., Gambacorta, L., Monnet, C., Rice, T., & Shin, H. S. (2022). Central
bank digital currencies: motives, economic implications, and the research
frontier. Annual review of economics, 14(1), 697-721.

Auer, R. A., Cornelli, G., & Frost, J. (2020). Rise of the central bank digital
currencies: drivers, approaches and technologies.

Axiom, Z. (2017). CryptoKitties: Collectible and Breedable Cats Empowered by
Blockchain Technology. http://upyun-
assets.ethfans.org/uploads/doc/file/25583a966d374e30a24262dc5b4c45cd.pd
f?_upd=CryptoKittiesWhitePapurr V2.pdf

148


http://ceur-ws.org/Vol-2044/paper18/paper18.html
http://ceur-ws.org/Vol-2044/paper18/paper18.html
https://www.infosys.com/industries/cards-and-payments/resources/Documents/cross-border-money-transfer.pdf
https://www.infosys.com/industries/cards-and-payments/resources/Documents/cross-border-money-transfer.pdf
https://doi.org/10.1111/j.1745-6622.2009.00215.x
https://doi.org/10.1111/j.1745-6622.2009.00215.x
https://media.consensys.net/the-state-of-decentralized-oracles-df45bf0dc51d
https://media.consensys.net/the-state-of-decentralized-oracles-df45bf0dc51d
https://www.bain.com/insights/spatial-economics-the-declining-cost-of-distance/
https://www.bain.com/insights/spatial-economics-the-declining-cost-of-distance/
https://medium.com/graph-commons/accountability-in-decentralized-networks-the-molochdao-case-c28a0b3dd942
https://medium.com/graph-commons/accountability-in-decentralized-networks-the-molochdao-case-c28a0b3dd942
http://upyun-assets.ethfans.org/uploads/doc/file/25583a966d374e30a24262dc5b4c45cd.pdf?_upd=CryptoKitties_WhitePapurr_V2.pdf
http://upyun-assets.ethfans.org/uploads/doc/file/25583a966d374e30a24262dc5b4c45cd.pdf?_upd=CryptoKitties_WhitePapurr_V2.pdf
http://upyun-assets.ethfans.org/uploads/doc/file/25583a966d374e30a24262dc5b4c45cd.pdf?_upd=CryptoKitties_WhitePapurr_V2.pdf

B. L. S. Innovation Hub. (2020). Project Helvetia: Settling tokenised assets in central
bank money. https://www.bis.org/publ/othp35.pdf

Baer, J. (2020). Bitcoin to Come to America’s Oldest Bank, BNY Mellon. Wall Street
Journal. https://www.wsj.com/articles/bitcoin-to-come-to-america-s-oldest-
bank-bny-mellon-11613044810

Bank of Canada, & Monetary Authority of Singapore. (2019). Jasper - Ubin Design
Paper: Enabling Cross-Border High Value Transfer Using Distributed Ledger
Technologies. In.

Basar, S. (2019, 2019). First Trades Settle Live On SETL Blockchain CSD. Markets
Media. https://www.marketsmedia.com/first-trades-settle-live-on-setl-
blockchain-csd/

Bauer, 1., Zavolokina, L., Leisibach, F., & Schwabe, G. (2018). Exploring Blockchain
Value Creation: The Case of  the Car Ecosystem.
https://www.researchgate.net/publication/328162642 Exploring_Blockchain
_Value Creation_The Case of the Car Ecosystem/citation/download

Bhuptani, A. (2019a). The Moloch DAO (Whitepaper). Beating the tragedy of the
commons using Decentralized Autonomous Organizations.

Bhuptani, A. (2019b). The Moloch DAO (Whitepaper). In Beating the tragedy of the
commons using Decentralized Autonomous Organizations. Github.

Binance. (2020). Binance Launches DEX Testnet for the New Era of Peer-to-Peer
Cryptocurrency Trading. Binance Blog.
https://www.binance.com/en/blog/304867000443084800/Binance-Launches-
DEX-Testnet-for-the-New-Era-of-PeertoPeer-Cryptocurrency-Trading

Bis. (2018). Cross-Border Retail Payments. https://www.bis.org/cpmi/publ/d173.pdf

Biswas, B., & Gupta, R. (2019). Analysis of barriers to implement blockchain in

industry and service sectors. Computers & Industrial Engineering, 136, 225-
241.

Brandon, D. (2016). The blockchain: The future of business information systems.
International Journal of the Academic Business World, 10(2), 33-40.

Brusov, M. (2019, 2019). Digital Assets In 2025: Worst- And Best-Case Scenarios.
Forbes. https://www.forbes.com/sites/forbestechcouncil/2019/09/19/digital-
assets-in-2025-worst-and-best-case-scenarios/?sh=51278fcd7c44

Burch, J. (2018). What Is a Macro Trend? https://yourbusiness.azcentral.com/macro-
trend-8289.html

Buterin, V. (2013). Ethereum Whitepaper. In.

Buterin, V. (2019). Solidity. Retrieved 03/04/2019 from
https://solidity.readthedocs.io/en/v0.6.1/

Carstens, A. (2019). The future of money and payments. Speech held in Dublin, 22.

Chen, P. P.-S. (1976). The Entity-Relationship Model-Toward a Unified View of
Data. ACM Transactions on Database Systems (TODS), 1(1), 9-36.
https://dl.acm.org/doi/10.1145/320434.320440

149


https://www.bis.org/publ/othp35.pdf
https://www.wsj.com/articles/bitcoin-to-come-to-america-s-oldest-bank-bny-mellon-11613044810
https://www.wsj.com/articles/bitcoin-to-come-to-america-s-oldest-bank-bny-mellon-11613044810
https://www.marketsmedia.com/first-trades-settle-live-on-setl-blockchain-csd/
https://www.marketsmedia.com/first-trades-settle-live-on-setl-blockchain-csd/
https://www.researchgate.net/publication/328162642_Exploring_Blockchain_Value_Creation_The_Case_of_the_Car_Ecosystem/citation/download
https://www.researchgate.net/publication/328162642_Exploring_Blockchain_Value_Creation_The_Case_of_the_Car_Ecosystem/citation/download
https://www.binance.com/en/blog/304867000443084800/Binance-Launches-DEX-Testnet-for-the-New-Era-of-PeertoPeer-Cryptocurrency-Trading
https://www.binance.com/en/blog/304867000443084800/Binance-Launches-DEX-Testnet-for-the-New-Era-of-PeertoPeer-Cryptocurrency-Trading
https://www.bis.org/cpmi/publ/d173.pdf
https://www.forbes.com/sites/forbestechcouncil/2019/09/19/digital-assets-in-2025-worst-and-best-case-scenarios/?sh=51278fcd7c44
https://www.forbes.com/sites/forbestechcouncil/2019/09/19/digital-assets-in-2025-worst-and-best-case-scenarios/?sh=51278fcd7c44
https://yourbusiness.azcentral.com/macro-trend-8289.html
https://yourbusiness.azcentral.com/macro-trend-8289.html
https://solidity.readthedocs.io/en/v0.6.1/
https://dl.acm.org/doi/10.1145/320434.320440

Chevet, S. (2018a). Blockchain Technology and Non-Fungible Tokens: Reshaping
Value Chains in Creative Industries HEC Paris].
https://papers.ssrn.com/sol3/papers.cfm?abstract id=3212662

Chevet, S. (2018b). Blockchain Technology and Non-Fungible Tokens: Reshaping
Value Chains in Creative Industries HEC Paris].
https://papers.ssrn.com/sol3/papers.cfm?abstract id=3212662

Chohan, U. W. (2017). The decentralized autonomous organization and governance
issues. Available at SSRN 3082055.

Clayton, J. (2018). Chairman’s Testimony on Virtual Currencies: The Roles of the
SEC and CFTC. https://www.sec.gov/news/testimony/testimony-virtual-
currencies-oversight-role-us-securities-and-exchange-commission

CoinMarketCap. In. (2019). https://coinmarketcap.com/

Commission, S. a. E. (2011). PUBLIC COMPANIES. Retrieved 06/08/2019 from
https://www.investor.gov/introduction-investing/basics/how-market-
works/public-companies

Corbin, J. M., & Strauss, A. (1990). Grounded theory research: Procedures, canons,
and evaluative criteria. Qualitative sociology, 13(1), 3-21.

Crunchbase. About Crunchbase. https://about.crunchbase.com/about-us/

Cryptoassets Taskforce. (2018). Cryptoassets Taskforce: Final Report [Report].
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/
attachment_data/file/752070/cryptoassets_taskforce final report final web.

pdf
CSFME. (2018, 2018). JPMorgan Chase Tests Blockchain Use for Securities Services.
Center  for  the  Study  of  Financial  Market  Evolution.

https://csfme.org/Full_Article/jpmorgan-chase-tests-blockchain-use-for-
securities-services

Danezis, G., & Meiklejohn, S. (2015). Centrally banked cryptocurrencies. arXiv
preprint arXiv:1505.06895.

Davy, G. (2018). Market Watch: The evolution of socially responsible investing.
http://davyprivateclients.newsweaver.com/icfiles/1/69575/179047/5921156/d
a693734828e491f33fafb3f6/103_18800_marketwatch g2 april 2018 v9 fina

I_web.pdf

Debler, J. (2018). Foreign initial coin offering issuers beware: the Securities and
Exchange Commission is watching. Cornell Int'l LJ, 51, 245.

Deloitte.  (2019). Are token assets the securities of  tomorrow?
https://www2.deloitte.com/content/dam/Deloitte/lu/Documents/technology/lu
-token-assets-securities-tomorrow.pdf

Diem Association. (2020). Diem Whitepaper. In.

Dossa, A. (2019). ERC 1400: Security Token Standard. Retrieved 06/12/2019 from
https://thesecuritytokenstandard.org/

Drew, S. A. W. (2006). Building technology foresight: using scenarios to embrace
innovation. European Journal of Innovation Management.

150


https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3212662
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3212662
https://www.sec.gov/news/testimony/testimony-virtual-currencies-oversight-role-us-securities-and-exchange-commission
https://www.sec.gov/news/testimony/testimony-virtual-currencies-oversight-role-us-securities-and-exchange-commission
https://coinmarketcap.com/
https://www.investor.gov/introduction-investing/basics/how-market-works/public-companies
https://www.investor.gov/introduction-investing/basics/how-market-works/public-companies
https://about.crunchbase.com/about-us/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/752070/cryptoassets_taskforce_final_report_final_web.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/752070/cryptoassets_taskforce_final_report_final_web.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/752070/cryptoassets_taskforce_final_report_final_web.pdf
https://csfme.org/Full_Article/jpmorgan-chase-tests-blockchain-use-for-securities-services
https://csfme.org/Full_Article/jpmorgan-chase-tests-blockchain-use-for-securities-services
http://davyprivateclients.newsweaver.com/icfiles/1/69575/179047/5921156/da693734828e49f33fafb3f6/103_18800_marketwatch_q2_april_2018_v9_final_web.pdf
http://davyprivateclients.newsweaver.com/icfiles/1/69575/179047/5921156/da693734828e49f33fafb3f6/103_18800_marketwatch_q2_april_2018_v9_final_web.pdf
http://davyprivateclients.newsweaver.com/icfiles/1/69575/179047/5921156/da693734828e49f33fafb3f6/103_18800_marketwatch_q2_april_2018_v9_final_web.pdf
https://www2.deloitte.com/content/dam/Deloitte/lu/Documents/technology/lu-token-assets-securities-tomorrow.pdf
https://www2.deloitte.com/content/dam/Deloitte/lu/Documents/technology/lu-token-assets-securities-tomorrow.pdf
https://thesecuritytokenstandard.org/

Dufva, M. (2019). What is a weak signal? https://www.sitra.fi/en/articles/what-is-a-
weak-signal/

Durst, C., Durst, M., Kolonko, T., Neef, A., & Greif, F. (2015). A holistic approach to
strategic foresight: A foresight support system for the German Federal Armed
Forces. Technological Forecasting and Social Change, 97, 91-104.

Ekblaw, A., Azaria, A., Halamka, J. D., & Lippman, A. (2016, 2016). A Case Study
for Blockchain in Healthcare:“MedRec” prototype for electronic health
records and medical research data. Proceedings of IEEE open & big data
conference,

ElectronicArts. (2019). Team of the Year - FIFA 20 Ultimate Team - EA SPORTS
[Website]. https://www.ea.com/en-gb/games/fifa/fifa-20

English, S., & Hammond, S. (2018). Cost of Compliance 2018.
https://legal.thomsonreuters.com/content/dam/ewp-
m/documents/legal/en/pdf/reports/cost-of-compliance-special-report-

2018.pdf

Esma, Esa, & Eba. (2018). FinTech: Regulatory sandboxes and innovation hubs.
https://www.esma.europa.eu/sites/default/files/library/jc 2018 74 joint repo
rt_on_regulatory sandboxes_and innovation hubs.pdf

Ethereum Foundation. (2024). Smart Contracts | ethereum.org. Retrieved 01/06/2024
from https://ethereum.org/en/developers/docs/smart-contracts/

European  Central  Bank.  (2020). Report on a  digital euro.
https://www.ecb.europa.eu/pub/pdf/other/Report on_a digital euro~4d7268

b458.en.pdf

European Data Protection Supervisor. (2017). Annual Report 2017. In: European Data
Protection Supervisor.

European Foresight, P. (2005). European Foresight Platform. http://www.foresight-
platform.eu/

Fages, R., Beardsley, B., Bromstrup, 1., Donnadieu, H., Macé, B., Pardasani, N., &
Xu, Q. (2018). Global asset management 2018: The digital metamorphosis. In:
The Boston Consulting Group BCG Boston, MA.

Fauvel, C. (2013). Criticisms, Variations And Experiences With Business Model
Canvas Prof. Hong Y Ching. European Journal of Agriculture and Forestry
Research, 1(2), 26-37.

Fehrenbach, F. (2019). Tokenization: Opening Illiquid Assets to Investors.
https://www.bnymellon.com/us/en/our-thinking/tokenization-opening-
illiquid-assets-to-investors.jsp

Fidelity Digital Assets. (2019). Enabling Institutions to Access a New Medium for
Assets. https://medium.com/@FidelityDigital Assets/enabling-institutions-to-
access-a-new-medium-for-assets-b9d8329¢8766

Finextra. (2017). Irish Funds completes blockchain proof-of-concept for regulatory
reporting. Retrieved 01/03/2020 from
https://www.finextra.com/pressarticle/68314/irish-funds-completes-
blockchain-proof-of-concept-for-regulatory-reporting

151


https://www.sitra.fi/en/articles/what-is-a-weak-signal/
https://www.sitra.fi/en/articles/what-is-a-weak-signal/
https://www.ea.com/en-gb/games/fifa/fifa-20
https://legal.thomsonreuters.com/content/dam/ewp-m/documents/legal/en/pdf/reports/cost-of-compliance-special-report-2018.pdf
https://legal.thomsonreuters.com/content/dam/ewp-m/documents/legal/en/pdf/reports/cost-of-compliance-special-report-2018.pdf
https://legal.thomsonreuters.com/content/dam/ewp-m/documents/legal/en/pdf/reports/cost-of-compliance-special-report-2018.pdf
https://www.esma.europa.eu/sites/default/files/library/jc_2018_74_joint_report_on_regulatory_sandboxes_and_innovation_hubs.pdf
https://www.esma.europa.eu/sites/default/files/library/jc_2018_74_joint_report_on_regulatory_sandboxes_and_innovation_hubs.pdf
https://ethereum.org/en/developers/docs/smart-contracts/
https://www.ecb.europa.eu/pub/pdf/other/Report_on_a_digital_euro~4d7268b458.en.pdf
https://www.ecb.europa.eu/pub/pdf/other/Report_on_a_digital_euro~4d7268b458.en.pdf
http://www.foresight-platform.eu/
http://www.foresight-platform.eu/
https://www.bnymellon.com/us/en/our-thinking/tokenization-opening-illiquid-assets-to-investors.jsp
https://www.bnymellon.com/us/en/our-thinking/tokenization-opening-illiquid-assets-to-investors.jsp
https://medium.com/@FidelityDigitalAssets/enabling-institutions-to-access-a-new-medium-for-assets-b9d8329c8766
https://medium.com/@FidelityDigitalAssets/enabling-institutions-to-access-a-new-medium-for-assets-b9d8329c8766
https://www.finextra.com/pressarticle/68314/irish-funds-completes-blockchain-proof-of-concept-for-regulatory-reporting
https://www.finextra.com/pressarticle/68314/irish-funds-completes-blockchain-proof-of-concept-for-regulatory-reporting

FinExtra. (2019a). Deutsche Bourse to take on SIX with new digital asset exchange.
FinExtra. https://www.finextra.com/newsarticle/33513/deutsche-bourse-to-
take-on-six-with-new-digital-asset-exchange

FinExtra. (2019b, 2019). Thai Stock Exchange to build digital asset platform.
https://www.finextra.com/newsarticle/33530/thai-stock-exchange-to-build-
digital-asset-platform

Finma. (2018). Guidelines for enquiries regarding the regulatory framework for initial
coin offerings (ICOs).

Floyd, D. (2018). $6.3 Billion: 2018 ICO Funding Has Passed 2017’s Total.
https://www.coindesk.com/6-3-billion-2018-ico-funding-already-outpaced-
2017

Fnality, 1. (2018). Fnality: The catalyst for true peer-to-peer financial markets.
https://www.fnality.org/the-catalyst-for-true-peer-to-peer-financial-
markets?hsCtaTracking=744e4c¢75-c03f-4129-b2af-
8cf17888c7¢c1%7C27fcc1d4-abl8-4d23-a119-6b8c3aebbe96

Foren Network. (2001). A Practical Guide to Regional Foresight.
http://projects.mcrit.com/esponfutures/documents/European%20Studies/P.%
20Gavigan%20J.%20(2001)%20FOREN%20Foresight%20for%20Regional
%20Development%20Network.pdf

Freeman, C., & Perez, C. (1988). Structural crises of adjustment: business cycles.
Technical change and economic theory. Londres: Pinter.

Fujimura, S., Watanabe, H., Nakadaira, A., Yamada, T., Akutsu, A., & Kishigami, J.
J. (2015, 2015). BRIGHT: A concept for a decentralized rights management
system based on blockchain. 2015 IEEE 5th International Conference on
Consumer Electronics-Berlin (ICCE-Berlin),

Fusaro, T., & Hougan, M. (2019). Bitwise Asset Management-Presentation to the US
Securities and Exchange Commission.

Grech, A., & Camilleri, A. F. (2017). Blockchain in education. Luxembourg:
Publications Office of the European Union.

Griffoli, M. T. M., Peria, M. M. S. M., Agur, M. L., Ari, M. A., Kiff, M. J., Popescu,
M. A., & Rochon, M. C. (2018). Casting light on central bank digital
currencies. International Monetary Fund.

Gubbi, J., Buyya, R., Marusic, S., & Palaniswami, M. (2013). Internet of Things (IoT):
A vision, architectural elements, and future directions. Future generation
computer systems, 29(7), 1645-1660.

Guo, Z. (2016). A Literature Review of Representation Models of E-Business Models
from the Perspective of Value Creation. American Journal of Industrial and
Business Management, 6(02), 129.
https://www.researchgate.net/publication/303953657 A _Literature Review
of Representation Models_of E-
Business_Models_from_the Perspective of Value Creation

Hackett, R. (2017). Why big business is racing to build blockchains. Fortune
Magazine.

152


https://www.finextra.com/newsarticle/33513/deutsche-bourse-to-take-on-six-with-new-digital-asset-exchange
https://www.finextra.com/newsarticle/33513/deutsche-bourse-to-take-on-six-with-new-digital-asset-exchange
https://www.finextra.com/newsarticle/33530/thai-stock-exchange-to-build-digital-asset-platform
https://www.finextra.com/newsarticle/33530/thai-stock-exchange-to-build-digital-asset-platform
https://www.coindesk.com/6-3-billion-2018-ico-funding-already-outpaced-2017
https://www.coindesk.com/6-3-billion-2018-ico-funding-already-outpaced-2017
https://www.fnality.org/the-catalyst-for-true-peer-to-peer-financial-markets?hsCtaTracking=744e4c75-c03f-4129-b2af-8cf17888c7c1%7C27fcc1d4-ab18-4d23-a119-6b8c3ae6be96
https://www.fnality.org/the-catalyst-for-true-peer-to-peer-financial-markets?hsCtaTracking=744e4c75-c03f-4129-b2af-8cf17888c7c1%7C27fcc1d4-ab18-4d23-a119-6b8c3ae6be96
https://www.fnality.org/the-catalyst-for-true-peer-to-peer-financial-markets?hsCtaTracking=744e4c75-c03f-4129-b2af-8cf17888c7c1%7C27fcc1d4-ab18-4d23-a119-6b8c3ae6be96
http://projects.mcrit.com/esponfutures/documents/European%20Studies/P.%20Gavigan%20J.%20(2001)%20FOREN%20Foresight%20for%20Regional%20Development%20Network.pdf
http://projects.mcrit.com/esponfutures/documents/European%20Studies/P.%20Gavigan%20J.%20(2001)%20FOREN%20Foresight%20for%20Regional%20Development%20Network.pdf
http://projects.mcrit.com/esponfutures/documents/European%20Studies/P.%20Gavigan%20J.%20(2001)%20FOREN%20Foresight%20for%20Regional%20Development%20Network.pdf
https://www.researchgate.net/publication/303953657_A_Literature_Review_of_Representation_Models_of_E-Business_Models_from_the_Perspective_of_Value_Creation
https://www.researchgate.net/publication/303953657_A_Literature_Review_of_Representation_Models_of_E-Business_Models_from_the_Perspective_of_Value_Creation
https://www.researchgate.net/publication/303953657_A_Literature_Review_of_Representation_Models_of_E-Business_Models_from_the_Perspective_of_Value_Creation

Hagberg, J., Sundstrom, M., & Egels-Zandén, N. (2016). The digitalization of
retailing: an exploratory framework. International Journal of Retail &
Distribution Management, 44(7), 694-712.
https://www.researchgate.net/publication/305922138 The_digitalization_of
retailing_an_exploratory framework

Hancock, M. V., Ed. (2016). Distributed Ledger Technology: beyond block chain.
(UK Government Chief Scientific Adviser).
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/
attachment_data/file/492972/gs-16-1-distributed-ledger-technology.pdf

Hardoon, D. (2017). An Economy for the 99%: It's time to build a human economy
that benefits everyone, not just the privileged few. Oxfam.

Harvey, C., & Tymoigne, E. (2015). Do cryptocurrencies such as Bitcoin have a
future. Retrieved July, 10, 2015.

Hayes, A. (2016). Decentralized banking: monetary technocracy in the digital age. In
Banking Beyond Banks and Money (pp. 121-131). Springer.

Hermansen, T. H. (2020). Security Tokens.

Hern, A. (2015). Nasdaq Bets on Bitcoin's Blockchain as the Future of Finance. The
Guardian, 13.

Hiltunen, E. (2010). Weak signals in organizational futures learning. Helsinki School
of economics.

Hooker, M. K., Meir (1999). An Empirical Measure of Asset Liquidity.
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5544

Hubbard, R. G., & Hubbard, R. G. (1994). Money, the financial system, and the
economy. Addison-Wesley Reading, MA.

Hurley, W. (2018, 2018). Quantum computing, not Al, will define our future.
https://www.google.com/url?sa=t&rct=]&q=&esrc=s&source=web&cd=&ca
d=rja&uact=8&ved=2ahUKEw]OpZ6S2] vAhWIURUIHUe CcsQFjAAeg
QIARAD&url=https%3A%2F%2Ftechcrunch.com%2F2018%2F11%2F17%
2Fquantum-computing-not-ai-will-define-our-
future%2F &usg=AOvVawl QNwAXL62EsHtZmy20mlLo-

Hiirsch, W. L., & Lopes, C. V. (1995). Separation of concerns.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.125.2723&rep=rep
1 &type=pdf

Ibbotson, R. G. R., Jay R. (1995). Chapter 30 Initial public offerings. Maksimovic V,

Ziemba W North-Holland Publishing Amsterdam The Netherlands.
https://www.sciencedirect.com/science/article/pii/S092705070580074X

Ibm. (2017). The Plastic Bank. https://www.ibm.com/case-studies/plastic-bank

Imbert, F. (2018). The regular investor can now trade the stock market 24 hours a day
with TD Ameritrade. CNBC. https://www.cnbc.com/2018/01/22/investors-
can-trade-the-stock-market-24-hrs-a-day-with-td-ameritrade.html

Ing. (2019). ING joining blockchain-based trade-settlement platform.
https://www.ingwb.com/themes/distributed-ledger-technology-articles/ing-
joining-blockchain-based-trade-settlement-platform

153


https://www.researchgate.net/publication/305922138_The_digitalization_of_retailing_an_exploratory_framework
https://www.researchgate.net/publication/305922138_The_digitalization_of_retailing_an_exploratory_framework
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/492972/gs-16-1-distributed-ledger-technology.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/492972/gs-16-1-distributed-ledger-technology.pdf
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5544
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjOpZ6S2I_vAhW9URUIHUe_CcsQFjAAegQIARAD&url=https%3A%2F%2Ftechcrunch.com%2F2018%2F11%2F17%2Fquantum-computing-not-ai-will-define-our-future%2F&usg=AOvVaw1QNwAxL62EsHtZmy20mLo-
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjOpZ6S2I_vAhW9URUIHUe_CcsQFjAAegQIARAD&url=https%3A%2F%2Ftechcrunch.com%2F2018%2F11%2F17%2Fquantum-computing-not-ai-will-define-our-future%2F&usg=AOvVaw1QNwAxL62EsHtZmy20mLo-
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjOpZ6S2I_vAhW9URUIHUe_CcsQFjAAegQIARAD&url=https%3A%2F%2Ftechcrunch.com%2F2018%2F11%2F17%2Fquantum-computing-not-ai-will-define-our-future%2F&usg=AOvVaw1QNwAxL62EsHtZmy20mLo-
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjOpZ6S2I_vAhW9URUIHUe_CcsQFjAAegQIARAD&url=https%3A%2F%2Ftechcrunch.com%2F2018%2F11%2F17%2Fquantum-computing-not-ai-will-define-our-future%2F&usg=AOvVaw1QNwAxL62EsHtZmy20mLo-
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjOpZ6S2I_vAhW9URUIHUe_CcsQFjAAegQIARAD&url=https%3A%2F%2Ftechcrunch.com%2F2018%2F11%2F17%2Fquantum-computing-not-ai-will-define-our-future%2F&usg=AOvVaw1QNwAxL62EsHtZmy20mLo-
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.125.2723&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.125.2723&rep=rep1&type=pdf
https://www.sciencedirect.com/science/article/pii/S092705070580074X
https://www.ibm.com/case-studies/plastic-bank
https://www.cnbc.com/2018/01/22/investors-can-trade-the-stock-market-24-hrs-a-day-with-td-ameritrade.html
https://www.cnbc.com/2018/01/22/investors-can-trade-the-stock-market-24-hrs-a-day-with-td-ameritrade.html
https://www.ingwb.com/themes/distributed-ledger-technology-articles/ing-joining-blockchain-based-trade-settlement-platform
https://www.ingwb.com/themes/distributed-ledger-technology-articles/ing-joining-blockchain-based-trade-settlement-platform

Insights, C. (2018). Blockchain startups absorbed 5x more capital via ICOs than equity
financings in 2017. CB Insights. January, 18, 2018.

IOSCO. (2017). IOSCO Research Report on Financial Technologies (Fintech).
https://www.iosco.org/library/pubdocs/pdt/IOSCOPDS554.pdf

IPCC. (2018). Special Report: Global Warming of 1.5 °C. https://www.ipcc.ch/sr15/

Ismail, N. (2019). Blockchain in financial services and the rise of digital assets.
Retrieved 10/10/2019 from https://www.information-age.com/blockchain-
financial-services-digital-assets-123484504/

J. P. Morgan. (2019). J.P. Morgan creates digital coin for payments.
https://www.jpmorgan.com/global/news/digital-coin-payments

Jackson, R. (2018). When Blockchain Tech Meets Robo-Advisors. Hackernoon.
https://hackernoon.com/when-blockchain-tech-meets-robo-advisors-
a3aScasbed403

Jonas, E., Schleier-Smith, J., Sreekanti, V., Tsai, C.-C., Khandelwal, A., Pu, Q.,
Shankar, V., Carreira, J., Krauth, K., & Yadwadkar, N. (2019). Cloud
programming simplified: A berkeley view on serverless computing. arXiv
preprint arXiv:1902.03383.

Jones, E. (2003). Environmental and social conjectures. In E. Jones (Ed.), The
European Miracle: Environments, Economies and Geopolitics in the History
of Europe and Asia (3 ed., pp. 3-21). Cambridge University Press.
https://doi.org/DOI: 10.1017/CB0O9780511817700.005

Juan, A. A., Perez-Bernabeu, E., Li, Y., Martin, X. A., Ammouriova, M., & Barrios,
B. B. (2023). Tokenized Markets Using Blockchain Technology: Exploring
Recent Developments and Opportunities. Information, 14(6), 347.

Kaal, W. (2020). DAOs — Governance & Legal Design Experimentation.
https://wulfkaal. medium.com/daos-governance-legal-design-
experimentation-25b2d0f58a29

Kharas, H. (2017). The unprecedented expansion of the global middle class: An

update.
Kim, S. S., Atulya; Virdi, Daljeet. (2018). Crypto-Assets Unencrypted. Journal of
Investment Management.

http://www.seoyoungkim.com/papers/KSV_crypto.pdf

Koens, T. (2019). The Future of Digital Assets: Trends, Challenges, and
Opportunities. https://www.ingwb.com/media/3146318/the-future-of-digtal-
assets-whitepaper.pdf

Korpela, K., Hallikas, J., & Dahlberg, T. (2017, 2017). Digital supply chain
transformation toward blockchain integration. proceedings of the 50th Hawaii
international conference on system sciences,

Kruchten, P., Nord, R. L., & Ozkaya, I. (2012). Technical Debt: From Metaphor to
Theory and Practice. leee software, 29(6), 18-21.
https://ieeexplore.ieee.org/document/6336722

Kumar, V. P. (2011). 24-hour stock trading never took off; here’s why. Market Watch.
https://www.marketwatch.com/story/24-hour-stock-trading-never-took-oft-
heres-why-2011-11-30

154


https://www.iosco.org/library/pubdocs/pdf/IOSCOPD554.pdf
https://www.ipcc.ch/sr15/
https://www.information-age.com/blockchain-financial-services-digital-assets-123484504/
https://www.information-age.com/blockchain-financial-services-digital-assets-123484504/
https://www.jpmorgan.com/global/news/digital-coin-payments
https://hackernoon.com/when-blockchain-tech-meets-robo-advisors-a3a5ca5be403
https://hackernoon.com/when-blockchain-tech-meets-robo-advisors-a3a5ca5be403
https://doi.org/DOI
https://wulfkaal.medium.com/daos-governance-legal-design-experimentation-25b2d0f58a29
https://wulfkaal.medium.com/daos-governance-legal-design-experimentation-25b2d0f58a29
http://www.seoyoungkim.com/papers/KSV_crypto.pdf
https://www.ingwb.com/media/3146318/the-future-of-digtal-assets-whitepaper.pdf
https://www.ingwb.com/media/3146318/the-future-of-digtal-assets-whitepaper.pdf
https://ieeexplore.ieee.org/document/6336722
https://www.marketwatch.com/story/24-hour-stock-trading-never-took-off-heres-why-2011-11-30
https://www.marketwatch.com/story/24-hour-stock-trading-never-took-off-heres-why-2011-11-30

Laurent, P. C., Thibault; Burke,Michael; Seers,Tobias. (2018a). The tokenization of
assets is disrupting the financial industry. Are you ready?
https://www2.deloitte.com/content/dam/Deloitte/lu/Documents/financial-
services/lu-tokenization-of-assets-disrupting-financial-industry.pdf

Laurent, P. C., Thibault; Burke,Michael; Seers,Tobias. (2018b). The tokenization of
assets is disrupting the financial industry. Are you ready? Inside Magazine
(Deloitte), (19).

Law Insider. (2023). T0 Definition | Law Insider. Retrieved 09/01/2024 from
https://www.lawinsider.com/dictionary/t0

Lee, J.-H., & Pilkington, M. (2017). How the blockchain revolution will reshape the
consumer electronics industry [future directions]. IEEE Consumer Electronics
Magazine, 6(3), 19-23.

Leiberman, B., & Mirynech, D. (2019). Digital Assets: The Era of Tokenized
Securities. SPECIAL FEATURE: Cutting-Edge Innovation in the
Cryptosphere, 25.

Levine, M. (2019). Financial FEngineering Is Older Than Crypto.
https://www.bloomberg.com/opinion/articles/2019-01-31/financial-
engineering-is-older-than-crypto-and-tokens

Li, J, & Chen, A. (2018). What's next for marketplace startups?
https://al 6z.com/2018/11/27/services-marketplaces-service-economy-
evolution-whats-next/

Li, J., & Mann, W. (2018). Initial coin offering and platform building.

Liebenau, J., & Elaluf-Calderwood, S. (2016). Blockchain innovation beyond bitcoin
and banking. Available at SSRN 2749890.

Lintner, J. (1965). Security Prices, Risk, and Maximal Gains From Diversification.
The Jjournal of finance.
https://www.jstor.org/stable/2977249?seq=1#metadata_info_tab_contents

Lockyer, M. (2015). Composable Non-Fungible  Tokens (cNFTs).
https://github.com/mattlockyer/composables-998

Lockyer, M. (2018). Composable Non-Fungible Tokens (cNFTs) GitHub.
https://github.com/mattlockyer/composables-998

Luginbiihl, B. (2018). SwissRealCoin Whitepaper 2.0
https://icorating.com/upload/whitepaper/SOF7J7rhJGBTsFF17NhKsq3aWhH
r8ES57NIFhXo00s.pdf

Mainelli, M., & Smith, M. (2015). Sharing ledgers for sharing economies: an
exploration of mutual distributed ledgers (aka blockchain technology). Journal
of Financial Perspectives, 3(3).

MakerDao. (2017). The Maker Protocol: MakerDAO's Multi-Collateral Dai (MCD)
System. In.

Manyika, J., Lund, S., Chui, M., Bughin, J., Woetzel, J., Batra, P., Ko, R., & Sanghvi,
S. (2017). What the future of work will mean for jobs, skills, and wages.
McKinsey Global Institute.

155


https://www2.deloitte.com/content/dam/Deloitte/lu/Documents/financial-services/lu-tokenization-of-assets-disrupting-financial-industry.pdf
https://www2.deloitte.com/content/dam/Deloitte/lu/Documents/financial-services/lu-tokenization-of-assets-disrupting-financial-industry.pdf
https://www.lawinsider.com/dictionary/t0
https://www.bloomberg.com/opinion/articles/2019-01-31/financial-engineering-is-older-than-crypto-and-tokens
https://www.bloomberg.com/opinion/articles/2019-01-31/financial-engineering-is-older-than-crypto-and-tokens
https://a16z.com/2018/11/27/services-marketplaces-service-economy-evolution-whats-next/
https://a16z.com/2018/11/27/services-marketplaces-service-economy-evolution-whats-next/
https://www.jstor.org/stable/2977249?seq=1#metadata_info_tab_contents
https://github.com/mattlockyer/composables-998
https://github.com/mattlockyer/composables-998
https://icorating.com/upload/whitepaper/SOF7J7rhJGBTsFFl7NhKsq3aWhHr8E57NlFhXoOs.pdf
https://icorating.com/upload/whitepaper/SOF7J7rhJGBTsFFl7NhKsq3aWhHr8E57NlFhXoOs.pdf

March, S. T., & Smith, G. F. (1995). Design and natural science research on
information technology. Decision support systems, 15(4), 251-266.
https://books.google.ie/books?id=pBtRBAAAQBAJ&pg=PA110&Ilpg=PA1l1l
0&dg=Instantiation+is+thetrealisation+oftan+artefact+intits+environment
&source=bl&ots=vb2kzVIL.Mai&sig=ACfU3U1JSX611wbY WXilSwWFMcUP
f1XIx5g&hl=en&sa=X&ved=2ahUKEwif65CnsoPnAhVxSxUIHbRHC70Q6
AEwWANoECAY QAQ#v=onepage&g=Instantiation%20is%20the%20realisati
on%200f%20an%20artefact%20in%20its%20environment& f=false

Marr, B. (2017). A short history of Bitcoin and crypto currency everyone should read.
Dostupno na https://www. forbes. com/sites/bernardmarr/2017/12/06/a-short-
history-ofbitcoin-and-crypto-currency-everyone-should-read.

Martin, B. R. (1995). Foresight in science and technology. Technology Analysis &
Strategic Management, 7(2), 139-168.

McWaters, R. J., Galaski, R., & Chatterjee, S. (2016, 2016). The future of financial
infrastructure: An ambitious look at how blockchain can reshape financial
services. World Economic Forum,

Menke, B. (2025). Trend Analysis. Retrieved  10/08/2025  from
https://www.4strat.com/trends-design/trend-analysis/

Merton, R. C., & Bodie, Z. (1995). A Conceptual Framework for Analyzing the
Financial Environment. The global financial system: A functional perspective,
3-31.
https://www.researchgate.net/publication/228224831 A_Conceptual Frame
work for Analyzing_the Financial Environment

Mettler, M. (2016, 2016). Blockchain technology in healthcare: The revolution starts
here. 2016 IEEE 18th International Conference on e-Health Networking,
Applications and Services (Healthcom),

Metz, C. (2015). Tech and Banking Giants Ditch Bitcoin for Their Own Blockchain.
WIRED (Dec. 17, 2015).

Micheler, E. (2015). Custody chains and asset values: why crypto-securities are worth
contemplating. The Cambridge Law Journal.
https://www.researchgate.net/publication/283886140 Custody chains_and a
sset values why_crypto-securities_are_worth _contemplating

Nakamoto, S. (2008a). Bitcoin: A peer-to-peer electronic cash system.
https://bitcoin.org/bitcoin.pdf

Nakamoto, S. (2008b). Bitcoin: A peer-to-peer electronic cash system. Retrieved
17/10/2018 from https://bitcoin.org/bitcoin.pdf

Narayanan, A., Bonneau, J., Felten, E., Miller, A., & Goldfeder, S. (2016). Bitcoin and
cryptocurrency technologies: a comprehensive introduction. Princeton
University Press.

Nasdaq. (2015). NASDAQ LINQ ENABLES FIRST-EVER PRIVATE SECURITIES
ISSUANCE DOCUMENTED WITH BLOCKCHAIN TECHNOLOGY.
https://ir.nasdaq.com/news-releases/news-release-details/nasdag-ling-
enables-first-ever-private-securities-issuance

156


https://books.google.ie/books?id=pBtRBAAAQBAJ&pg=PA110&lpg=PA110&dq=Instantiation+is+the+realisation+of+an+artefact+in+its+environment&source=bl&ots=vb2kzVLMai&sig=ACfU3U1JSX6I1wbYWXil5wFMcUPf1Xlx5g&hl=en&sa=X&ved=2ahUKEwjf65CnsoPnAhVxSxUIHbRHC7oQ6AEwAnoECAYQAQ#v=onepage&q=Instantiation%20is%20the%20realisation%20of%20an%20artefact%20in%20its%20environment&f=false
https://books.google.ie/books?id=pBtRBAAAQBAJ&pg=PA110&lpg=PA110&dq=Instantiation+is+the+realisation+of+an+artefact+in+its+environment&source=bl&ots=vb2kzVLMai&sig=ACfU3U1JSX6I1wbYWXil5wFMcUPf1Xlx5g&hl=en&sa=X&ved=2ahUKEwjf65CnsoPnAhVxSxUIHbRHC7oQ6AEwAnoECAYQAQ#v=onepage&q=Instantiation%20is%20the%20realisation%20of%20an%20artefact%20in%20its%20environment&f=false
https://books.google.ie/books?id=pBtRBAAAQBAJ&pg=PA110&lpg=PA110&dq=Instantiation+is+the+realisation+of+an+artefact+in+its+environment&source=bl&ots=vb2kzVLMai&sig=ACfU3U1JSX6I1wbYWXil5wFMcUPf1Xlx5g&hl=en&sa=X&ved=2ahUKEwjf65CnsoPnAhVxSxUIHbRHC7oQ6AEwAnoECAYQAQ#v=onepage&q=Instantiation%20is%20the%20realisation%20of%20an%20artefact%20in%20its%20environment&f=false
https://books.google.ie/books?id=pBtRBAAAQBAJ&pg=PA110&lpg=PA110&dq=Instantiation+is+the+realisation+of+an+artefact+in+its+environment&source=bl&ots=vb2kzVLMai&sig=ACfU3U1JSX6I1wbYWXil5wFMcUPf1Xlx5g&hl=en&sa=X&ved=2ahUKEwjf65CnsoPnAhVxSxUIHbRHC7oQ6AEwAnoECAYQAQ#v=onepage&q=Instantiation%20is%20the%20realisation%20of%20an%20artefact%20in%20its%20environment&f=false
https://books.google.ie/books?id=pBtRBAAAQBAJ&pg=PA110&lpg=PA110&dq=Instantiation+is+the+realisation+of+an+artefact+in+its+environment&source=bl&ots=vb2kzVLMai&sig=ACfU3U1JSX6I1wbYWXil5wFMcUPf1Xlx5g&hl=en&sa=X&ved=2ahUKEwjf65CnsoPnAhVxSxUIHbRHC7oQ6AEwAnoECAYQAQ#v=onepage&q=Instantiation%20is%20the%20realisation%20of%20an%20artefact%20in%20its%20environment&f=false
https://books.google.ie/books?id=pBtRBAAAQBAJ&pg=PA110&lpg=PA110&dq=Instantiation+is+the+realisation+of+an+artefact+in+its+environment&source=bl&ots=vb2kzVLMai&sig=ACfU3U1JSX6I1wbYWXil5wFMcUPf1Xlx5g&hl=en&sa=X&ved=2ahUKEwjf65CnsoPnAhVxSxUIHbRHC7oQ6AEwAnoECAYQAQ#v=onepage&q=Instantiation%20is%20the%20realisation%20of%20an%20artefact%20in%20its%20environment&f=false
https://www/
https://www.4strat.com/trends-design/trend-analysis/
https://www.researchgate.net/publication/228224831_A_Conceptual_Framework_for_Analyzing_the_Financial_Environment
https://www.researchgate.net/publication/228224831_A_Conceptual_Framework_for_Analyzing_the_Financial_Environment
https://www.researchgate.net/publication/283886140_Custody_chains_and_asset_values_why_crypto-securities_are_worth_contemplating
https://www.researchgate.net/publication/283886140_Custody_chains_and_asset_values_why_crypto-securities_are_worth_contemplating
https://bitcoin.org/bitcoin.pdf
https://bitcoin.org/bitcoin.pdf
https://ir.nasdaq.com/news-releases/news-release-details/nasdaq-linq-enables-first-ever-private-securities-issuance
https://ir.nasdaq.com/news-releases/news-release-details/nasdaq-linq-enables-first-ever-private-securities-issuance

News, 1. B. L. (2019, 2019). MIT Issues 2,000 Blockchain-Based Certificates.
https://iblnews.org/mit-issues-2000-blockchain-based-certificates/

Nguyen, Q. K. (2016, 2016). Blockchain-a financial technology for future sustainable
development. 2016 3rd International Conference on Green Technology and
Sustainable Development (GTSD),

OECD. (2017). Trust in Govermment. http://www.oecd.org/gov/trust-in-
government.htm

Olszewski, E. (2019). MolochDAO is Unsustainable (But There's a Fix).
https://medium.com/@eolszewski/molochdao-is-unsustainable-but-theres-a-
fix-a52d2¢91309a

Omniex. Omniex Solutions. In.

Osterwalder, A., & Pigneur, Y. (2010). Business model generation: a handbook for
visionaries, game changers, and challengers. John Wiley & Sons.

Palvia, P., Mao, E., Salam, A., & Soliman, K. S. (2003). Management Information
Systems Research: What's There in a Methodology? Communications of the
Association for Information Systems, 11(1), 16.
https://libres.uncg.edu/ir/uncg/f/P_Palvia_Management 2003.pdf

Pinna, A., & Ruttenberg, W. (2016). Distributed Ledger Technologies in Securities
Post-Trading Revolution or Evolution?

Plus.  (2020). What Are the Most Traded  Cryptocurrencies?
https://www.plus500.co.uk/Trading/CryptoCurrencies/What-are-the-Most-
Traded-
Cryptocurrencies~2#:~:text=Bitcoin's%20peer%2Dt0%2Dpeer%20blockchai
n,1est%200f%20the%20crypto%20market.

Pollak, L. (2023). Millennials at Work: Instant Gratification and the Need for Speed.
https://lindseypollak.com/instant-gratification-and-the-need-for-speed/

PWC. (2011). The next chapter: creating an understanding of Special Purpose
Vehicles

https://www.pwc.com/gx/en/banking-capital-markets/publications/assets/pdf/next-
chapter-creating-understanding-of-spvs.pdf

PwC. (2016a). Blockchain in asset management. https://www.pwc.co.uk/financial-
services/fintech/assets/blockchain-in-asset-management.pdf

PWC. (2016b). Securitisation in Luxembourg: A Comprehensive Guide.
https://www.pwc.lu/en/securitisation/docs/pwc-securitisation-in-luxembourg-

2016.pdf
Rauchs, M. G., Andrew ;Gordon, Brian ;Pieters, Gina C; Recanatini, Martino ;
Rostand, Francois ; Vagneur, Kathryn ; Zhang, Bryan Zheng. (2018).

Distributed Ledger Technology Systems: A Conceptual Framework.
https://papers.ssrn.com/sol3/papers.cfm?abstract _id=3230013

Rialland, A., & Wold, K. (2009). Future Studies, Foresight and Scenarios as basis for
better strategic decisions. Trondheim, December.

157


https://iblnews.org/mit-issues-2000-blockchain-based-certificates/
http://www.oecd.org/gov/trust-in-government.htm
http://www.oecd.org/gov/trust-in-government.htm
https://medium.com/@eolszewski/molochdao-is-unsustainable-but-theres-a-fix-a52d2c91309a
https://medium.com/@eolszewski/molochdao-is-unsustainable-but-theres-a-fix-a52d2c91309a
https://libres.uncg.edu/ir/uncg/f/P_Palvia_Management_2003.pdf
https://www.plus500.co.uk/Trading/CryptoCurrencies/What-are-the-Most-Traded-Cryptocurrencies~2#:~:text=Bitcoin's%20peer%2Dto%2Dpeer%20blockchain,rest%20of%20the%20crypto%20market
https://www.plus500.co.uk/Trading/CryptoCurrencies/What-are-the-Most-Traded-Cryptocurrencies~2#:~:text=Bitcoin's%20peer%2Dto%2Dpeer%20blockchain,rest%20of%20the%20crypto%20market
https://www.plus500.co.uk/Trading/CryptoCurrencies/What-are-the-Most-Traded-Cryptocurrencies~2#:~:text=Bitcoin's%20peer%2Dto%2Dpeer%20blockchain,rest%20of%20the%20crypto%20market
https://www.plus500.co.uk/Trading/CryptoCurrencies/What-are-the-Most-Traded-Cryptocurrencies~2#:~:text=Bitcoin's%20peer%2Dto%2Dpeer%20blockchain,rest%20of%20the%20crypto%20market
https://lindseypollak.com/instant-gratification-and-the-need-for-speed/
https://www.pwc.com/gx/en/banking-capital-markets/publications/assets/pdf/next-chapter-creating-understanding-of-spvs.pdf
https://www.pwc.com/gx/en/banking-capital-markets/publications/assets/pdf/next-chapter-creating-understanding-of-spvs.pdf
https://www.pwc.co.uk/financial-services/fintech/assets/blockchain-in-asset-management.pdf
https://www.pwc.co.uk/financial-services/fintech/assets/blockchain-in-asset-management.pdf
https://www.pwc.lu/en/securitisation/docs/pwc-securitisation-in-luxembourg-2016.pdf
https://www.pwc.lu/en/securitisation/docs/pwc-securitisation-in-luxembourg-2016.pdf
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3230013

Roeck, D. S., Henrik; Hofmann, Erik. (2019). Distributed ledger technology in supply
chains: a transaction cost perspective. International Journal of Production
Research, 1-18. https://doi.org/10.1080/00207543.2019.1657247

Rohrbeck, R., & Kum, M. E. (2018). Corporate foresight and its impact on firm
performance: A longitudinal analysis. Technological Forecasting and Social
Change, 129, 105-116.

Rollwagen, 1., Hofmann, J., & Schneider, S. (2008). Improving the business impact of
foresight. Technology analysis & strategic management, 20(3), 337-349.

Rosenfeld, M. (2012a). Overview of colored coins. White paper, bitcoil. co. il, 41.

Rosenfeld, M. (2012b). Overview of colored coins (White paper, bitcoil. co. il, Issue.
https://bitcoil.co.il/BitcoinX.pdf

Rumbaugh, J., Jacobson, I., & Booch, G. (2004). Unified Modeling Language
Reference Manual, The (2nd Edition). Pearson Higher Education.
https://dl.acm.org/doi/book/10.5555/993859

Russell, J. (2017). Bitcoin and almost every other cryptocurrency crashed hard today.
Tech Crunch. Retrieved 14/09/2018 from
https://techcrunch.com/2017/12/22/bitcoin-crypto-crashed-
hard/?guce_referrer=aHROcHM6Ly93d3cuZ29vZ2x1L mNvbS8&guce referr
er_sig=AQAAACVpYuGropoSoMHPP8IWYxVzKzcbX94r3wHgD6wkKN
Fwspb9f5roRC3gE-

LDwovoZInkeXw1J7MmD3R3HhNF3UF bWAZKjrBlhEnbG-
ufjfRUS04nLheoFa0BHczVT3tmuDmY{ zA4P2i3BH s6XAFnimZRLL4Srb
1AGbgZSRwvra&guccounter=2

Sanghavi, V. D., Ronak; Shah, Devansh; Kanani, Pratik. (2018). Blockchain Based
Asset Tokenization. International Journal of Research in Engineering, IT and
Social Sciences. https://doi.org/10.13140/RG.2.2.22236.03206

Schmidt, P. (2015). Certificates, Reputation and the Blockchain.
https://medium.com/mit-media-lab/certificates-reputation-and-the-
blockchain-aee03622426f

Schwarcz, S. L. (2013). Securitization, Structured Finance, and Covered Bonds.

https://pdfs.semanticscholar.org/97e3/c6bbde2e6¢c2d9949ee3629{t7¢4390149
f2f.pdf

Schwartz, D., Youngs, N., & Britto, A. (2014). The ripple protocol consensus
algorithm. Ripple Labs Inc White Paper, 5(8), 151.

SEC. (2017a). Report of Investigation Pursuant to Section 21(a) of the Securities
Exchange Act of 1934: The DAO. In.

Sec. (2017b). Report of Investigation Pursuant to Section 21(a) of the Securities
Exchange Act of 1934: The DAO.
https://www.sec.gov/litigation/investreport/34-81207.pdf

Sec. (2017c¢). SEC Issues Investigative Report Concluding DAO Tokens, a Digital
Asset, Were Securities. https://www.sec.gov/news/press-release/2017-131

Sedgwick, K. (2019). ICOs Are Dead But ICO Scammers Are Immortal. Retrieved
10/09/2018 from https:/news.bitcoin.com/icos-are-dead-but-ico-scammers-
are-immortal/

158


https://doi.org/10.1080/00207543.2019.1657247
https://bitcoil.co.il/BitcoinX.pdf
https://dl.acm.org/doi/book/10.5555/993859
https://techcrunch.com/2017/12/22/bitcoin-crypto-crashed-hard/?guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAACVpYuGropoSoMHPP89wYxVzKzcbX94r3wHqD6wkKNFwspb9f5roRC3gE-LDwovoZlnkeXw1J7MmD3R3HhNF3UF_bWAZKjrBlhEnbG-ufjRU5o4nLheoFa0BHczVT3tmuDmYf_zA4P2i3BH_s6XAFnimZRLL4Srb1AGbgZSRwvra&guccounter=2
https://techcrunch.com/2017/12/22/bitcoin-crypto-crashed-hard/?guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAACVpYuGropoSoMHPP89wYxVzKzcbX94r3wHqD6wkKNFwspb9f5roRC3gE-LDwovoZlnkeXw1J7MmD3R3HhNF3UF_bWAZKjrBlhEnbG-ufjRU5o4nLheoFa0BHczVT3tmuDmYf_zA4P2i3BH_s6XAFnimZRLL4Srb1AGbgZSRwvra&guccounter=2
https://techcrunch.com/2017/12/22/bitcoin-crypto-crashed-hard/?guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAACVpYuGropoSoMHPP89wYxVzKzcbX94r3wHqD6wkKNFwspb9f5roRC3gE-LDwovoZlnkeXw1J7MmD3R3HhNF3UF_bWAZKjrBlhEnbG-ufjRU5o4nLheoFa0BHczVT3tmuDmYf_zA4P2i3BH_s6XAFnimZRLL4Srb1AGbgZSRwvra&guccounter=2
https://techcrunch.com/2017/12/22/bitcoin-crypto-crashed-hard/?guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAACVpYuGropoSoMHPP89wYxVzKzcbX94r3wHqD6wkKNFwspb9f5roRC3gE-LDwovoZlnkeXw1J7MmD3R3HhNF3UF_bWAZKjrBlhEnbG-ufjRU5o4nLheoFa0BHczVT3tmuDmYf_zA4P2i3BH_s6XAFnimZRLL4Srb1AGbgZSRwvra&guccounter=2
https://techcrunch.com/2017/12/22/bitcoin-crypto-crashed-hard/?guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAACVpYuGropoSoMHPP89wYxVzKzcbX94r3wHqD6wkKNFwspb9f5roRC3gE-LDwovoZlnkeXw1J7MmD3R3HhNF3UF_bWAZKjrBlhEnbG-ufjRU5o4nLheoFa0BHczVT3tmuDmYf_zA4P2i3BH_s6XAFnimZRLL4Srb1AGbgZSRwvra&guccounter=2
https://techcrunch.com/2017/12/22/bitcoin-crypto-crashed-hard/?guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAACVpYuGropoSoMHPP89wYxVzKzcbX94r3wHqD6wkKNFwspb9f5roRC3gE-LDwovoZlnkeXw1J7MmD3R3HhNF3UF_bWAZKjrBlhEnbG-ufjRU5o4nLheoFa0BHczVT3tmuDmYf_zA4P2i3BH_s6XAFnimZRLL4Srb1AGbgZSRwvra&guccounter=2
https://techcrunch.com/2017/12/22/bitcoin-crypto-crashed-hard/?guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAACVpYuGropoSoMHPP89wYxVzKzcbX94r3wHqD6wkKNFwspb9f5roRC3gE-LDwovoZlnkeXw1J7MmD3R3HhNF3UF_bWAZKjrBlhEnbG-ufjRU5o4nLheoFa0BHczVT3tmuDmYf_zA4P2i3BH_s6XAFnimZRLL4Srb1AGbgZSRwvra&guccounter=2
https://doi.org/10.13140/RG.2.2.22236.03206
https://medium.com/mit-media-lab/certificates-reputation-and-the-blockchain-aee03622426f
https://medium.com/mit-media-lab/certificates-reputation-and-the-blockchain-aee03622426f
https://pdfs.semanticscholar.org/97e3/c6bbde2e6c2d9949ee3629ff7c4390149f2f.pdf
https://pdfs.semanticscholar.org/97e3/c6bbde2e6c2d9949ee3629ff7c4390149f2f.pdf
https://www.sec.gov/litigation/investreport/34-81207.pdf
https://www.sec.gov/news/press-release/2017-131
https://news.bitcoin.com/icos-are-dead-but-ico-scammers-are-immortal/
https://news.bitcoin.com/icos-are-dead-but-ico-scammers-are-immortal/

Sehra, A., Cohen, R., & Arulchandran, V. (2018). On cryptocurrencies, digital assets
and private money. Journal of Payments Strategy & Systems, 12(1), 13-32.

Shirley, D. (2017). ERC-721 Token — Reference Implementation.

Sikorski, J. J., Haughton, J., & Kraft, M. (2017). Blockchain technology in the
chemical industry: Machine-to-machine electricity market. Applied Energy,
195, 234-246.

Snyder, A. (1986). Encapsulation and Inheritance in Object-Oriented Programming
Languages. ACM Sigplan Notices,

Sood, S. K. (2023). Quantum computing review: A decade of research. [EEE
Transactions on Engineering Management, 71, 6662-6676.

Stanney, L. (2017). Because we can: A study of millennial impatience and the rise of
next day delivery. School of Media and Communication, University of Leeds.

Szabo, N. (1994). The idea of smart contracts. Nick Szabo’s Papers and Concise
Tutorials, 6.

Szabo, N. (1997). The idea of smart contracts. Nick Szabo’s Papers and Concise
Tutorials, 6.

Tan, T. (2019). Best football simulation game is still Fifa 20 [Website].
https://www.straitstimes.com/tech/games-apps/best-football-simulation-
game-is-still-fifa-20

Taskforce, C. (2018). Cryptoassets Taskforce: Final Report [Report].
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/
attachment_data/file/752070/cryptoassets_taskforce final report final web.
pdf

Terekhova, M. (2017). Blockchain solutions are moving beyond the proof of concept
stage.  Business Insider. https://www.businessinsider.com/blockchain-
solutions-move-beyond-proof-of-concept-2017-72r=US&IR=T

Tian, F. (2016). An agri-food supply chain traceability system for China based on
RFID & blockchain technology. 2016 13th international conference on service
systems and service management (ICSSSM),

Treacher, M. (2018). The role of digital assets in global payments. Journal of
Payments Strategy & Systems, 12(1), 9-12.

Underwood, S. (2016). Blockchain Beyond Bitcoin. Communications of the ACM,
59(11), 15-17.

United, N. (2017). World population prospects. Multimedia Library.

Vaishnavi, V., Kuechler, W., & Petter, S. (2004). Design Science Research In
Information Systems. http://desrist.org/desrist/content/design-science-
research-in-information-systems.pdf

Van Rooyen, P., Tapinos, E., & Revie, M. (2025). Strategic foresight in FinTech:
Harnessing scenario planning for future readiness.

Victoria, L., Stevenson, C., & Radcliffe, M. (2019). Top 10 FOSS Legal Developments
of 2018. https://opensource.com/article/19/2/top-foss-legal-developments

159


https://www.straitstimes.com/tech/games-apps/best-football-simulation-game-is-still-fifa-20
https://www.straitstimes.com/tech/games-apps/best-football-simulation-game-is-still-fifa-20
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/752070/cryptoassets_taskforce_final_report_final_web.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/752070/cryptoassets_taskforce_final_report_final_web.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/752070/cryptoassets_taskforce_final_report_final_web.pdf
https://www.businessinsider.com/blockchain-solutions-move-beyond-proof-of-concept-2017-7?r=US&IR=T
https://www.businessinsider.com/blockchain-solutions-move-beyond-proof-of-concept-2017-7?r=US&IR=T
http://desrist.org/desrist/content/design-science-research-in-information-systems.pdf
http://desrist.org/desrist/content/design-science-research-in-information-systems.pdf
https://opensource.com/article/19/2/top-foss-legal-developments

Vincent, J. (2019). EA will stop selling FIFA’s in-game currency in Belgium because
of a ban on loot boxes [Website].
https://www.theverge.com/2019/1/30/18203399/ca-fifa-fut-pack-points-
banned-belgium-loot-box

Virk, R. (2018). The One Thing Missing from the ERC 721 Standard for Digital
Collectibles on the Blockchain. https://hackernoon.com/the-one-thing-
missing-from-erc-721-standard-for-digital-collectibles-on-the-blockchain-
9ee26e4a918¢

Vom Brocke, J., Simons, A., Niehaves, B., Nichaves, B., Reimer, K., Brocke, J., Vom,
Simons, A., Nichaves, B., Niehaves, B., Reimer, K., Plattfaut, R., & Cleven,
A. (2009). Reconstructing The Giant: On The Importance Of Rigour In
Documenting The Literature Search Process.

Wachal, M. (2018). Asset tokenization on blockchain will disrupt the asset
management landscape [Web Article]. Medium.com.

Warren, W., & Bandeali, A. (2017). Ox: An open protocol for decentralized exchange
on the Ethereum blockchain. https://0x.org/pdfs/0Ox_white paper.pdf

Webster, J., & Watson, R. T. (2002). Analyzing the past to prepare for the future:
Writing a literature review. MIS quarterly, X111-Xxiil.
https://www.jstor.org/stable/4132319?seq=1#metadata_info_tab_contents

Westerkamp, M., Victor, F., & Kiipper, A. (2018). Blockchain-based Supply Chain
Traceability: Token Recipes model Manufacturing Processes. arXiv preprint
arXiv:1810.09843.

WHO. (2018). Air  pollution. https://www.who.int/health-topics/air-
pollution#tab=tab_1

Willimann, A. (2015). What are  microtrends?  Mibelle  Group.
https://www.mibellegroup.com/blog/insights-en/what-are-microtrends/

Winston, K. (2016). "What Is a Private Limited Company? - Definition, Advantages
& Disadvantages.” Study.com. study.com/academy/lesson/what-is-a-private-
limited-company-definition-advantages-disadvantages.html

Withiam, W. (2019). This week’s top story — Moloch(DAO) Rises. CircleResearch.
https://medium.com/circle-research/this-weeks-top-story-moloch-dao-rises-
626¢72a392¢l

Wood, G. (2014). Ethereum: A secure decentralised generalised transaction ledger.
Ethereum project yellow paper, 151, 1-32.

World Bank. (2018). Life expectancy at birth. In.

Yaga, D., Mell, P., Roby, N., & Scarfone, K. (2019). Blockchain technology overview.
arXiv preprint arXiv:1906.11078.

Yasin, A., & Liu, L. (2016, 2016). An online identity and smart contract management
system. Computer Software and Applications Conference (COMPSAC), 2016
IEEE 40th Annual,

Yuan, Y., & Wang, F. (2016, 1-4 Nov. 2016). Towards blockchain-based intelligent
transportation systems. 2016 IEEE 19th International Conference on
Intelligent Transportation Systems (ITSC),

160


https://www.theverge.com/2019/1/30/18203399/ea-fifa-fut-pack-points-banned-belgium-loot-box
https://www.theverge.com/2019/1/30/18203399/ea-fifa-fut-pack-points-banned-belgium-loot-box
https://hackernoon.com/the-one-thing-missing-from-erc-721-standard-for-digital-collectibles-on-the-blockchain-9ee26e4a918c
https://hackernoon.com/the-one-thing-missing-from-erc-721-standard-for-digital-collectibles-on-the-blockchain-9ee26e4a918c
https://hackernoon.com/the-one-thing-missing-from-erc-721-standard-for-digital-collectibles-on-the-blockchain-9ee26e4a918c
https://0x.org/pdfs/0x_white_paper.pdf
https://www.jstor.org/stable/4132319?seq=1#metadata_info_tab_contents
https://www.who.int/health-topics/air-pollution#tab=tab_1
https://www.who.int/health-topics/air-pollution#tab=tab_1
https://www.mibellegroup.com/blog/insights-en/what-are-microtrends/
https://medium.com/circle-research/this-weeks-top-story-moloch-dao-rises-626c72a392e1
https://medium.com/circle-research/this-weeks-top-story-moloch-dao-rises-626c72a392e1

Yuan, Y., & Wang, F.-Y. (2016, 2016). Towards blockchain-based intelligent
transportation systems. 2016 IEEE 19th International Conference on
Intelligent Transportation Systems (ITSC),

Zaki, 1. (2018). Security Token Offerings (STOs)—What You Need To Know
[Website].  https://hackernoon.com/security-token-offerings-stos-what-you-
need-to-know-8628574d11e2

Zheng, Z., Xie, S., Dai, H.-N., Chen, X., & Wang, H. (2018). Blockchain challenges
and opportunities: A survey. International Journal of Web and Grid Services,
14(4), 352-375.

Zhu, K., Wu, F., Wang, F., Shen, T., Wu, H., Xue, B., & Liu, Y. (2024). Blockchain-
Based Digital Asset Circulation: A Survey and Future Challenges. Symmetry,
16(10), 1287. https://www.mdpi.com/2073-8994/16/10/1287

Zou, J., Wang, Y., & Orgun, M. A. (2016). A dispute arbitration protocol based on a
peer-to-peer service contract management scheme. 2016 IEEE International
Conference on Web Services (ICWS),

161


https://hackernoon.com/security-token-offerings-stos-what-you-need-to-know-8628574d11e2
https://hackernoon.com/security-token-offerings-stos-what-you-need-to-know-8628574d11e2
https://www.mdpi.com/2073-8994/16/10/1287

	1. Thesis Introduction
	1.1. Introduction Overview
	1.2. Research questions
	1.3. Study Background
	1.4.  Individual Contribution in a Team Research Centre
	1.5.  Research Methodology Overview
	1.5.1. Concept Centric Matrix
	1.5.2. Foresight Methodologies
	1.5.3.  Business Model Canvas

	1.6.  Thesis Contents

	2.  A Framework for Characterising and Modelling Digital Assets
	2.1.  Introduction
	2.2.  Qualifying the Problem Area
	2.2.1.  Classification

	2.3.  Research Approach
	2.3.1.  Research Canvas
	2.3.2. Methodology Choice
	2.3.3.  Secondary Data Usage as a Means of Framework Construction
	2.3.4. Refining Literature
	2.3.5. Review of Empirical Literature

	2.4. The Digital Assets Framework
	2.4.1. Data Components Explained
	2.4.2. Structural Components Explained
	2.4.3. Evolution of Digital Asset Framework

	2.5. Framework Evaluation
	2.5.1. MolochDAO
	2.5.2. CryptoKitties

	2.6. Summary & Next Steps

	3. A Framework to Evaluate the Impact of Tokenisation
	3.1. Abstract
	3.2. Introduction
	3.2.1. Securitisation and the Tokenisation Landscape
	3.2.2. Digitalisation and the Tokenisation Landscape

	3.3. Impacts of Tokenisation
	3.4. The Tokenisation Impact Framework
	3.5. Application of the Framework
	3.5.1. Private Limited Company - Single company
	3.5.2. Publicly Listed Company - Single company
	3.5.3. FIFACoin: An In-game Currency

	3.6. Chapter Summary & Next Steps

	4. Factors affecting digital asset adoption in financial services
	4.1. Abstract
	4.2. Introduction
	4.3. Literature Review
	4.3.1. Key Trend Literature
	4.3.1.1. Macro Trends
	4.3.1.2. Micro Trends
	4.3.2. Business Model Canvas

	4.4. Methodology
	4.4.1. Pre-workshop Preparation
	4.4.2. Workshop content
	4.4.3. Post-workshops analysis

	4.5. Findings
	4.5.1. Perceived Impact of Digital Assets on Business Models (RQ1)
	4.5.1.1. 24/7 Exchanges
	4.5.1.2. Securitisation & Tokenisation of Assets
	4.5.1.3. Selective Transparency for Regulators
	4.5.1.4. Decentralised Exchanges
	4.5.1.5. Central Bank Digital Currency
	A Central Bank Digital Currency is a potential digital asset related offering whereby a central bank would commission the issuance of a digital asset in the form of a fiat currency. Blockchain technology would be the technology used to underpin a Cent...

	4.5.2. Factors Enabling Digital Assets
	4.5.2.1. The Need for Trust
	Trust was identified as the key factor needed to enable digital assets in financial services. In order to leverage the positives of the digital asset related offerings outlined in 4.1, trust must be placed in digital assets. Workshop participants spok...
	Another risk identified during the workshops which could be a contributing cause to the trust crisis referenced in 4.5.2.1 is that of privacy risk. As previously mentioned in the literature review section in this chapter, blockchains are pseudonymous ...
	The final risk identified as part of the trust crisis referenced in 4.5.2.1 is that of asset-level risk. At a high-level, asset-level risk is caused by the novelty of new assets. Due to the novelty of these new assets it’s hard to know for sure how th...
	The findings above indicate that asset-level risk is a genuine concern for financial stakeholders and could be a detrimental factor to the adoption of digital assets in financial services. The issues highlighted above such as increased levels of compl...
	The increased level of unnecessary complexity and question marks around linking representative digital assets with their underlying assets are both examples of instances which could cause people to not trust the technology. For this reason, asset-leve...
	Now that the concept around the trust crisis and the three risks identified during the workshop which contribute towards these places of mistrust have been unpacked, 4.5.2.2, 4.5.2.3 and 4.5.2.4 will all look at what factors the financial services ind...
	4.5.2.2. Regulation
	4.5.2.3. Influence of Incumbents
	4.5.2.4. The Need for Education
	The third and final factor identified during the workshops which could help combat a lack of trust in digital assets across financial services is that of education. During the workshop it was revealed that many financial stakeholders, ranging from con...
	Digital assets and their underlying technology – DLT - are often construed as complicated concepts and, as a result, participants of the workshops were confident that education would emerge as a key factor which could enable digital assets and their r...


	4.6. Conclusion

	5. Discussions and Conclusions
	5.1.  Summary of the research questions
	5.2.  Contribution to research and practice
	5.3.  Limitations of research
	5.4.  Overall findings and future research opportunities

	6. Appendix
	6.1. Modelling
	6.1.1. Applying the Framework to Multi-Asset Systems
	6.1.2. System Level Modelling
	6.1.3. System Level Modelling
	6.1.4. Discussion of Framework Application
	6.1.5. Framework Validation

	6.2. Fictional Press Release

	7. References

