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Abstract

With the rise of market capitalisation of cryptocurrencies in 2018, Bitcoin in particular
and to lesser extent also its offspring, commonly referred to as Altcoins, have gained
significant interest by governments, institutions and investors. The future of these new
forms of currency remains a topic that is debated heavily. While some enthusiasts
believe that the status of cryptocurrencies will rise up to the point where they are
equivalent or even replacing traditional currencies in some departments of online
commerce, sceptics usually evaluate them as a dubious new form of assets with no
intrinsic value. The latter thereby often point at the large sell-off of cryptocurrencies in
the first quarter of 2018 as the beginning of the end of the crypto era. This work aims
at elaborating the characteristics of the cryptocurrency Bitcoin by applying monetary
theory to answer the research question whether Bitcoin is actually feasible to serve as
a future means of payment and exchange and which consequences result of this
feasibility for the cryptocurrency in the future. While Bitcoin provides reasonable
advantages to individuals involved in monetary online transactions and from a
theoretical perspective also fulfils the criteria for a means of exchange, the
cryptocurrency will likely face difficulties to attract more users due to issues regarding
its scalability, price volatility and many more. Alongside with other technical
restrictions, the author concludes that - considering all facts presented in this work —
Bitcoin in its current state will be unable to achieve a transaction volume comparable
to PayPal, Visa or Mastercard and will therefore only play a niche-role in certain

environments as a future means of payment.
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1 Introduction

1.1 Research problem

In November 2008, the pseudonymous developer Satoshi Nakamoto published a white
paper called “Bitcoin: A Peer-to-Peer Electronic Cash System”. He describes a peer-
to-peer network approach of a virtual currency based on a cryptographic protocol
called proof-of-work-system, which allows participants to carry out transaction directly
without the necessity of an intermediary. By requiring all transactions to be listed in a
shared public transaction log called blockchain, Nakamoto also presented a solution
to the double spending issue, which previous virtual currencies struggled to overcome.
Although enthusiasts often describe Nakamoto’s work as revolutionary, his payment
system is from a more factual perspective rather to be seen as a combination of
concepts that have all previously existed. It emerged in a time when the bankruptcy of
Lehman Brother’s induced a spiral of global economic downturn. The underlying ideas
of Nakamoto’s work reflect a mindset of a small but growing group of people who
criticised the existing monetary system predominantly for its centralised nature.
Nakamoto envisioned a new decentralised approach with a fixed supply of coins in
which all members have equal rights and obligations towards each other. At the time
this paper is written, the internet community celebrates the ten-year anniversary of the
so called “Genesis block” which was the first block created by Nakamoto on the
blockchain of Bitcoin. In these past ten years, Bitcoin and cryptocurrencies as a whole
have become a fixture in world financial media coverage experiencing a tremendous
increase of both market capitalisation and daily transaction volumes. From its initial
price in the range of less than 10 USD cents back in 2009, Bitcoin’s price to this day
averages at around 11,000 USD per Bitcoin unit after reaching a peak of almost 20,000
USD per coin in the first quarter of 2018. Many other cryptocurrencies like Ethereum
or Ripple have experienced a similar growth in recent years. While the remarkable
development of these new forms of digital currencies cannot be denied, a fundamental
guestion is still debated vigorously: What are cryptocurrencies? A new form of currency
or just a speculative asset that is deemed to fail? A means of payment or a store of
value? Or both? Many experts and enthusiasts describe Bitcoin as the first global
currency in history while others describe it as a mere investment hype, a gimmick or
even fraud. One of the most famous sceptics is the American economist Paul Krugman

who published an article named “Bitcoin is evil” on the website of the New York Times



in which he expresses his view on the cryptocurrency as an asset with no intrinsic
value that would ultimately be deemed to fail (Krugman, 2013). However, the adoption
and the attention that Bitcoin has received prove that indeed many people believe in
Bitcoin as a future worldwide currency. The topic of currency and monetary theory is a
widely covered subject of academic work. Throughout history, currencies have
occurred in all kinds of shapes and forms providing for a more efficient system of
exchange than a system solely based on bartering. Monetary theory describes among
other properties a triad of three functions that an asset has to deliver to be considered
as a currency: It has to function as a means of exchange, as a store of value and as a
unit of account. The aim of this thesis is to analyse in how far the intrinsic function and
its consequential properties of a currency as a means of exchange and payment as
laid out by monetary theory is applicable to the cryptocurrency of Bitcoin. For this
analysis, the cryptocurrency of Bitcoin is selected because it was on the one hand the
first project that utilised blockchain technology in combination with cryptography to
become what is now known as a cryptocurrency. Moreover, it has ever since its
emergence been the cryptocurrency with the highest market capitalisation. In popular
media and in the general public, the name of Bitcoin is therefore often used
synonymously with the entirety of cryptocurrencies. Due to its capitalisation as well as
its awareness, Bitcoin is also the cryptocurrency project that enjoys the widest

coverage of academic publications.

1.2 Research method

This written paper is based on philosophical research, i.e. literature-based research.
Thereby, a selection of relevant sources has been analysed and considered
collectively to condense findings that resemble a consensus of the literature provided.

The following types of academic literature have been considered:

- Monographs

- Working papers

- Conference papers
- White papers

- Articles in academic journals



These sources have been gathered by carrying out a profound research using web
search engines, library catalogues, journal databases and subject specific professional
websites. In a second step, the sources have been carefully reviewed and included in
this work based on their relevance to the topic, the design of studies and the age the
material. For the explanation of the technical functioning of Bitcoin, all sources
published after its emergence in 2008 were considered since the underlying features
have since the cryptocurrency’s initial publication largely remained the same. At the
same time, all information retrieved from these sources have in a second step been
reviewed on their actuality and relevance for present day discussions. While this paper
is predominantly based on an analytical review of academic literature and reports of
major financial institutions, the author also refers to data provided by
coinmarketcap.com and blockchain.info which are online platforms created to track the
market capitalisation of all major cryptocurrencies, the amount of trade within each
cryptocurrency’s market and the most current price of cryptocurrencies converted into
fiat currencies. Furthermore, data provided by Google Trends is addressed to
supplement the illustration of trends on the field of cryptocurrencies. To raise more
current issues and subjects of debate in the field of cryptocurrencies, the author has
also included information gathered from cryptocurrency-news providers as long as the
given content has been assessed as being coherent with academic literature. All
information provided by referred sources has been obtained lawfully and reported
accurately.

1.3 Course of investigation

Based on the research question as stated in chapter 1.1, chapter 2 will be dedicated
to explaining the definition of currency (chapter 2.1) and the functions and properties
of currency in modern society (chapter 2.2). This chapter will serve as a basis for later
evaluation of cryptocurrencies. In chapter 3, character and functionalities of virtual
currencies will be introduced (chapter 3.1). In a second step, the subgroup of
cryptocurrencies will be differentiated (chapter 3.2) and then elucidated by the example
of Bitcoin which is at the time this work was written the most dominant cryptocurrency
in the world (chapter 3.3). Thereby, a short introduction and explanation of the
background of Bitcoin will be given (chapter 3.3.1) before the following subchapters
will elaborate on the recent development of the cryptocurrency (chapter 3.3.2) and its

technical features (chapter 3.3.3). In the following chapter 4, the findings of chapter 2



and chapter 3 will be condensed by applying monetary theory on Bitcoin in order to
assess whether it may actually be considered as means of exchange and payment
with regard to the previously explained three major functions of currencies. Alongside
the sole theoretical feasibility of Bitcoin as a means of exchange and payment (chapter
4.1), the role of Bitcoin as such will also be reviewed from a transactional, a market
and a conceptual perspective (chapter 4.2 - 4.4). Chapter 5 will then summarise the
previous chapters and be followed by a conclusion regarding the underlying research
question of this work (chapter 5.1). Finally, an outlook will be provided (chapter 5.2) as

well as a critical acclaim (chapter 5.3).



2 Monetary theory and currency

2.1 Definition of currency

In his famous work, the founder of modern economic theory Adam Smith established
the idea that in societies that had existed before the invention of money, barter was
used to exchange goods and services (Strauss, 2016). Although Strauss explains in
her essay that Smith’s idea of a society solely based on barter cannot be proven by
any historic accounts, barter has always existed and still does to this day (ibid.;
Ammous, 2018, p.1). However, this direct exchange of goods and services is
impractical due to an issue that is described by Jevons (1898, p.3f.) as a double
coincidence of wants. Thereby, in the absence of a single medium of exchange a
situation in which goods and services are exchanged requires that the two participants
are seeking to possess the exact goods of the other person (Kasper, 2017, p.17).
Additionally, issues regarding the measurement of value as well as the divisibility of
exchanged goods arise that will be explained in the following subchapters (Jevons,
1898, p.5f.). Hence, such a system without currency is only imaginable in comparably
primitive economies (Issing, 2011, p.1). In larger economies, there is more space for
specialisation and exchange, but at the same time the issue of coincidence of wants
is also bigger (Ammous, 2018, p.2). Issing (2011, p.1) claims that the presence of
money as a means of exchange only enables the modern form of specialised
economies.

From a macroeconomic perspective, an asset is typically considered as a form of
currency or money if it fulfils three separate functions: First, it must function as a
standard unit of account, meaning that the value of other goods is expressed as units
of that currency. Second, the asset must be a store of value to be considered a
currency. Third, an asset must represent a generally accepted means of payment and
exchange with the highest degree of liquidity (Sixt, 2017, p.47). In the following, these

three functions shall be further examined.

2.2 Functions and properties of money

2.2.1 Unit of account

According to Kasper (2017, p.17), a major issue in an economy without a generally
recognised means of payment is that it becomes increasingly difficult to measure the
value of a commaodity or product. Since prices in the absence of a generally accepted

currency may only be measured in units of the good that is intended for an exchange,



a standardisation of prices in such circumstances is highly impractical if not impossible
(Jevons, 1898, p.5). In a barter economy the number of prices grows exponentially
with the number of products (Mishkin, 2010, p.55f.).

Formula 1: The number of exchange pairs in absence of a currency

nn—1)
t=——7"-—
2
(Source: Issing, 2011, p.2)

Formula 1 describes the number of exchange pairs t in a barter economy with n goods.
An increasing number of goods n thereby leads to an exponentially larger number of
exchange pairs t. In a theoretical simple economy that only has access to a set of 100
products, the number of prices would already account for 4950 exchange ratios
(Jevons, 1898, p.5). The relatively complicated determination of prices for a given
exchange would significantly increase general transaction costs (ibid.). In an economy
based on the division of labour, money functions as a unit of account to break down
goods and services to a common denominator and hence allows for all kinds of
comparisons among them (Kasper, 2017, p.19). It allows for the value of goods being
stipulated as absolute prices of the respective currency (Issing, 2011, p.2). By
introducing a generally accepted means of exchange as a numeraire, the number of
prices as shown in Formula 1 is significantly reduced to t = n — 1 (Borchert, 2001,
p.29). It is a fundamental function of money to measure value and consequently allow
exchanging parties to interpret and compare prices (Vandezande, 2017, p.139).
Additionally, significantly less resources must be spent for the procurement of price
information which can instead be spent to generate other income, leading to an
increase of real incomes in an economy (Borchert, 2001, p.30).

The unit of account function of money enables all forms of commercial accounting in
our modern-day economy, such as profit and loss statements, balance sheets,
calculation of wages, etc. (Kasper, 2017, p.19). To function as a unit of account,
currencies have to possess a certain degree of divisibility to be able to express prices
of even the least valuable goods and services (Kerscher, 2014, p.25). Issing (2011,
p.3) compares the use of currency as a common denominator of value to the role of

units of measurement for length, weight or power. A currency may be used as a unit



of account, even if it is not used as a means of exchange as the example of the Guinea

shows, which was likewise used in 19th-century-England (Jarchow, 2010, p.2).

2.2.2 Means of exchange and payment

Almost all kinds of transactions in modern economies are denominated in a currency
that acts as a medium of exchange and payment (Mishkin, 2010, p.54). Kasper (2017,
p.18) describes this specific function of currency as probably being the most important
one. Money is defined as a medium of exchange due to being an asset that is acquired
not to be consumed, nor to be used as a means of producing other goods (Ammous,
2018, p.3). The presence of currencies enables a division of an exchange transaction
into two separate steps: On the one hand, individuals are able to sell goods for money.
On the other hand, they can use money to purchase goods (Issing, 2011, p.1). By
introducing a single medium that is valuable for everyone in the same way, the earlier
mentioned issue of double coincidence of wants can be replaced by a single
coincidence (Kasper, 2017, p.18). Hence, it is far easier to find suitable exchange
partners because usually everyone will accept legal tender (Kasper, 2017, p. 17). The
time spent to arrange transactions is far less and therefore a higher level of economic
efficiency can be achieved (Mishkin, 2010, p.54).

According to Menger (1892, pp. 248f.), the key determinant of a good being adopted
as a generally accepted means of exchange is its saleability, i.e. the relative ease with
which it can be sold on the market. He described the issue of coincidence from a
different perspective in identifying three dimensions that are problematic in exchanges
within a barter economy, namely scales, time and space (ibid., p.245-247). The
saleability of a good and consequently its usefulness as a currency is determined by
its ability to address issues regarding these three dimensions (ibid.). Being saleable
across scales means that a good is easy to convert into smaller pieces or grouped into
larger units (Ammous, 2018, p.4). Furthermore, if a good is easy to transport, it
possesses saleability across space (ibid.). An indicator to measure this ability is the
value per unit of weight (ibid.). The third aspect — a goods saleability across time —
refers to its ability to preserve value over time (ibid.). This function is linked to the
function of money as a store of value (see chapter 2.2.3).

Freedom of exchange is another precondition for the functioning of currency as a
means of exchange. If there is no such freedom, goods may not be freely exchanged

with money and therefor excess demand, increased delivery times and queues may



occur. Currency may in such an environment partially lose its function as a means of
exchange, especially if black markets occur where other commodities assume this role
(Borchert, 2001, p.28).

2.2.3 Store of value

A third important intrinsic function of currency is its role as a store of value (Mankiw,
2011, p.103). Thereby, owners of currency do not have to spend received funds right
away but can instead opt to hold them and exchange them for goods and services at
any future time. An underlying condition of this concept is that when the currency is
spent, owners expect to receive more or less the same economic value that their funds
were worth upon receival (Yermack, 2013, p.11). A store of value hence enables
individuals to store their purchasing power until the need or desire to spend it arises
(Jarchow, 2010, p.3).

Apart from money, there are a variety of other options to store value over time, e.g.
stocks, bonds, land, property and so on (Mishkin, 2010, p.56). Holding money does
not provide the owner with gains from interest payments, price appreciation or any
other services. However, money enables its holders with a relative ease to convert it
into other assets, i.e. liquidity (ibid.). In fact, money is commonly referred to as the
most liquid asset, since it does not have to be converted before purchasing other
assets (ibid.).

In his General Theory of Employment, Interest and Money, Keynes (1937, p.202 f.)
describes the fundamental characteristics of money as to be seen in its zero or
relatively low elasticity of production in conjunction with an elasticity of substitution that
is equal to or very close to zero which is sometimes interpreted as an emphasis of the
importance of the store of value function of money (e.g. Sardoni, 2015, p.1).
Furthermore, Keynes (1937, S.172 f.) describes holding idle money as means of
defence against uncertainty. His opinion on money as a store of value is however not
undisputed. Hicks (1967, p.17 f.) for example argues that the role of currency as a
means of payment in conjunction with its function as a unit of account are necessary
criteria, while being a store of value is in itself not a sufficient property to define an
asset as a currency. For a good to be able to preserve value over time, it must be
durable, i.e. immune to corrosion (Ammous, 2018, p.4).

Apart from durability, historic accounts indicate that for most currencies there has been

a mechanism or policy to restrain the production of the monetary good (ibid., p.5).



According to Ammous (2018, p.5), the relative difficulty of expanding the total supply
of monetary units allows for a distinction between two groups of currencies: On the
one hand, there is so called easy money whose supply can easily be increased. On
the other hand, a currency is considered as hard money if its supply is only increasable
under large efforts. Ammous (ibid.) further explains that only hard money provides for
a functioning store of value. Consequently, a major threat to the usefulness of money
as a store of value is inflation (Vandezande, 2017, p.140). In a scenario where the
value of a currency significantly decreases, the willingness of others to accept
payments with that respective currency will also be negatively impaired and thereby
eliminate its store of value function (Kasper, 2017, p.18).

During the hyperinflation in Germany that peaked in 1923, the currency lost its value
so quickly that workers had to be paid several times a day to spend their wage right
away before it became worthless (Mishkin, 2010, p.56). The amount of money that was
required to purchase even the most basic items became immoderate and
simultaneously the attractiveness of holding and using money declined with an
increasing number of transactions being carried out in barter (ibid.). A second threat to
the functioning of currency as a store of value is high volatility (Jevons, 1898, p.37f.).
If the value of a currency fluctuates too strongly, its holders lose certainty about the
ability of their funds to deliver the expected economic value in the event of a purchase
(Jarchow, 2010, p.4).

2.2.4 Properties of money

Alongside the explained intrinsic functions, currencies must also possess a set of
properties that enable them to function as a means of exchange, a store of value and
as a unit of account (Kasper, 2017, p.31). According to Niehans (1980, p.14), whether
a commodity is commonly used as a currency or not is determined by its transactional
costs and storage costs, which should be as low as possible. With regard to these
properties, a set of technical features as well as features regarding a commodity’s
ability to store purchase power over time can be identified as intrinsic to currency
(Jarchow, 2010, p.3). These features involve a commodity’s portability, permanency,
homogeneity, divisibility and scarcity (ibid.; Kasper, 2017, p.20f.). Thereby, portability
means that only small and light-weighted quantities of monetary units must be carried
to buy larger assets (Kasper, 2017, p.20). The properties of homogeneity and

divisibility are achieved if all monetary units are of the same kind and quality and can



also be divided into smaller units, as well as scaled to larger amounts without any costs
of division (Jarchow, 2010, p.3). Permanency and scarcity define the ability of a
commodity to store value and follow the concepts that are laid out in subchapter 2.2.3.
Acceptance means that holders of monetary units are able to pay all of their obligations
unconditionally within the realm of the respective currency, usually enforced by law
(Kasper, 2017, p.21).
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3 Virtual currencies and cryptocurrencies

3.1 Characteristics of virtual currencies

With the emergence of the internet in the late 20" century, a new medium for the sale
and marketing of goods has been introduced. Alongside the rise of internet-based
ecommerce and the spread of mobile devices, several innovative technologies have
also come up on the field of online payment systems (He et al., 2016, p.5). While
networks like PayPal provide a platform for secure online transactions denoted in fiat
currency, some other networks went one step further in introducing an own currency-
like unit that is traded on their platform. In the following, these virtual currency schemes
and cryptocurrencies by example of Bitcoin shall be examined.

Virtual currencies are defined as digital representations of value that have been issued
by private developers (He et al., 2016, p.7). Their supply usually circulates
internationally across borders with little to no restrictions (Dabrowski & Janikowski,
2018, p.4). The general function of a virtual currency is to serve as a means of payment
in a specific virtual community, e.g. a website or a computer game. Within this
community, all participants voluntarily agree to use the respective virtual currency to
carry out transactions (Segendorf, 2014, p.72). Virtual currency schemes can be
distinguished by their degree of convertibility to other assets, e.g. goods, services,
national currencies or other Virtual Currencies (He et al., 2016, p.8). Closed currency
schemes comprise those virtual currencies that can only earned and used on a certain
platform without the possibility to purchase or sell them for fiat currency (Segendorf,
2014, p.72). On the other hand, convertible virtual currencies enable holders to
exchange virtual currency units with other assets (He et al. 2016, p.8). Thereby, some
virtual currency schemes allow for bidirectional flows, meaning that both purchasing
the currency with fiat currency as well as selling it for fiat currency is possible
(Segendorf, 2014, p.72). Moreover, there are currency schemes that only allow for
unidirectional flows, i.e. the purchase of virtual currency tokens for fiat currency. In
such schemes, there is no channel for a re-exchange of virtual currency into fiat
currency provided (ibid.). Another feature that can be used to categorise virtual
currency schemes is the distinction between centralised and decentralised systems.
Whenever payments are made, the ownership of virtual currency units must be
adjusted accordingly (ibid.). In this case, traditional currency schemes make use of a
centralised system in which a single centralised entity is responsible to verify and

execute transactions. On the contrary, decentralised systems shift the task of
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verification and execution of transactions to the entire decentralised network
(Segendorf, 2014, p.72). Alongside the settlement of transactions, He et al. (2016, p.8)
describe the issuance and redeemability as well as the establishment and enforcement
of rules of the currency system as key tasks of any virtual currency scheme. Again,
each of these functions can be performed by a trusted central third-party or in a

decentralised manner by the entirety of participants (ibid.).

3.2 Characteristics of cryptocurrencies

Electronic currencies that are based on a decentralised ledger, blockchain technology
and cryptography are commonly referred to as cryptocurrencies (Pielke, 2018, p.2). As
illustrated in Figure 1, which shows the taxonomy of money in terms of the four criteria
“electronic”, “central-bank-issued”, “universally accessible” and “peer-to-peer”.
Cryptocurrencies are thereby not a subcategory of virtual currency but are instead
distinct from them due to their peer-to-peer architecture and their accessibility. They
are characterised by being an electronic peer-to-peer network that is universally
accessible and not governed by a central authority (Bech & Garrat, 2017, p.60). In the
following, the background and the technical features of the most widely spread

cryptocurrency Bitcoin will be further examined.

Figure 1. The Taxonomy of money
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3.3 The case of Bitcoin

3.3.1 Introduction

Starting from the thoughts gathered in the previous subchapter, Bitcoin may be
described as a decentralised cryptocurrency scheme with bidirectional flows, which is
designed to be independent of banks, governments and other institutions (Segendorf,
2014). The famous white-paper “Bitcoin: A Peer-to-Peer Electronic Cash System”
written by the anonymous Satoshi Nakamoto was firstly introduced to a mailing list on
the topic of cryptography (Kifner, 2018, p.30).

In his paper, Nakamoto (2008, p.1) criticises the reliance on trusted third parties to
process electronic payments in e-commerce. Due to non-reversibility of transactions
being practically impossible in these traditional platforms, third parties would have to
be involved as a source of trust and to mediate disputes on the network whenever
users do not agree with the outcome of a transaction. In online payment systems like
PayPal or VISA, financial institutions act as a trustworthy supervisor and in turn are
being paid for their services by collected transaction fees (Kasper, 2017, p.23). Hence,
the presence of intermediaries in payment systems would raise transaction costs and
thereby also the minimum practical transaction size (Nakamoto, 2008, p.1).

In his paper, Nakamoto describes Bitcoin as a peer-to-peer version of electronic cash
which would provide users with the ability to make online payments directly from one
party to another without an intermediary (Nakamoto, 2008, p.1). The cryptocurrency
makes use of an innovative method of storing transactions called blockchain, which
enables Bitcoin to function similarly to traditional online payment systems, but in a
decentralised manner (Huberman, Leshno & Moallemi, 2017, p.2). It is an electronic
payment system that is to be trusted as a whole, although none of the system’s servers
is individually to be trusted (ibid.). Bitcoin’s transaction system is formed by a network
of participants having equal rights which run the Bitcoin-Client on their hardware,
thereby interconnecting with one another (Sixt, 2017, p.29). In the following, the recent
past of Bitcoin as well as some of the system’s major technical aspects will be further

explained.

3.3.2 Recent History of Bitcoin
After Nakamoto’s publications on the Bitcoin network in autumn 2008, the interest on
his system initially remained within the reach of the mailing list that he originally

published his paper to. As underlined by the data shown in Figure 2 provided by Google
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Trends, the search term of Bitcoin only in 2011 did not achieve a considerable
popularity until 2011 (Sixt, 2017, p.17).

Figure 2. Google Trends analysis of the search term Bitcoin

100
90
80
70
60

50

Score

40

30

20

10

0

Qo) (&)
Q Q
Q Q Q Q Q Q Q Q Q Q Q
W v v v v v v v v v v
O N A N O O O O O O N

(Source: own creation based on data provided by Google Trends, n.d.)

The figure displays the interest over time on the search term “Bitcoin”, which is
measured by a relative score that ranges from 0 to 100. Thereby, the scores of 0 and
100 mark the bottom and the peak of interest and all other scores are attributed in
relation to these two. In fact, the analysis of Figure 2 in conjunction with Figure 3 which
shows the price development of 1 Bitcoin indicates that the interest on the topic of
Bitcoin unsurprisingly highly correlates with the price development. Since there are
price differences across the variety of exchanges that offer a platform for trading
Bitcoins, blockchain.info (n.d.) created a daily average of prices across all major
exchanges which is used as a database for Figure 3.

The interest on the search term has thereby always risen when the Bitcoin price
witnessed a stark increase in a relatively short period of time. In 2011, it was the first
ten days of June when the Bitcoin price on the Bitcoin exchange Mt.Gox reached a
temporary high of 10 USD per Bitcoin on 2 June and then peaked at 31.91 USD six
days later (Giese et al., 2016, p. 42). The data provided by Google Trends shows that

in these first ten days of June 2011, the interest on the search term of Bitcoin increased

14



in a correlated manner to the price development. After the first Bitcoin bubble (also
called “The Great Bubble of 2011”) burst on 12 June, not only prices, but also the
interest in Bitcoin collapsed (Kufner, 2018, p.67f.; Google Trends, n.d.). This pattern
has continued to occur throughout Bitcoins relatively short history.

Figure 3: The price development of Bitcoin
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While Bitcoin’s rise established its name on the internet, the idea of decentralised and
encrypted currencies simultaneously continued to unfold with the emergence of the
first alternative cryptocurrencies. On 13 October 2011, Litecoin launched as an attempt
to improve the original design of Bitcoin with some alterations regarding the maximum
of coins and the hash algorithm for mining (Kufner, 2018, p.71). In the following years,
new cryptocurrency projects that emerged alongside Bitcoin were commonly referred
to as Altcoins. Ahamad et al. (2013, p.43) describe the term Altcoin as a slang term
that evolved in the cryptocurrency development community as a catch-all term for a
steadily increasing number of cryptocurrency projects.

The events of the following year 2012 — although not having led to price fluctuations
as dramatic as in the previous year — demonstrated the limitations of Bitcoin’s concept
of decentralisation (see chapter 3.3.3.2). Hackers continued their efforts to exploit

loopholes in the security of Bitcoin-exchanges. These exchanges controlled sales
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transactions in a centralised manner and held hundreds of thousands of Bitcoins which
were stored by users on these platforms with relatively little cyber security (Kufner,
2018, p.76). The first major crime occurred in March 2012 when a security violation of
the webhosting company Linode led to the theft of 46,000 Bitcoins (ibid.). Similar hacks
of the exchanges Bitcoinica and Bitfloor followed (ibid.).

In 2013, the Bitcoin price dramatically increased from 30 USD in February to an all-
time high of 266 USD per Bitcoin in early April (Giese et. al., 2016, p.43). A delay of
handling transactions on the Mt.Gox exchange led to yet another stark price decrease
to 76 USD, but unlike after the collapse in 2011, Bitcoin proved its price resistance in
the following weeks and months and stabilised (Kufner, 2018, p.92). On 2 October
2013, the FBI shut down the online marketplace Silk Road and arrested its operator
Ross Ulbricht (Rhodes, 2018). Until that point in time, Silk Road had been a
marketplace in the darknet for illegal drugs and by that time accounted for an estimated
50 percent of all transaction of Bitcoin, which was the means of payment on the website
(Kufner, 2018, p.95). Although the seizure of the online drug market meant that the by
that time predominant use case of Bitcoin vanished, the impact on the Bitcoin price
was rather small which was seen as a turning point for the credibility of the
cryptocurrency (ibid.). With an increasing credibility and the market entrance of two
major venture-capital companies of the Silicon Valley (Andreesen Horowitz and Union
Square Ventures), the Bitcoin price continued to rapidly increase, reaching a peak of
1242 USD at the end of November, topping the 1000 USD mark for the first time (Giese
et al., 2016, p.44). After the Chinese Central Bank officially announced to consider a
complete ban of Bitcoin, the price soon plummeted back to a level of around 500 USD
(ibid.). These rumours were especially impactful to the market price of Bitcoin because
China used to be a core marketplace for Bitcoin with more than 80 percent of global
transactions being made in the People’s Republic (Kufner, 2018, p.98).

In 2014, negative headlines of government regulations and interventions continued.
Although the British government decided to classify Bitcoin as a form of private money
and not as an asset, a guideline paper of the Internal Revenue Service stated that
Bitcoin would be subject to capital gains tax and thereby introduced complicated tax
calculations to users (Rizzo, 2014; Internal Revenue Service, 2014, pp.2-4). Soon
after, China continued to apply its sanctions to Chinese cryptocurrency exchanges by
forcing them to close their Chinese bank accounts (Giese et al., 2016, p.45). Bitcoin’s

rapid growth in the previous year posed an obstacle for governments in terms of
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consumer protection and also due to the threat of Bitcoin to destabilise national
currencies (Kufner, 2018, p.106f.).

2015 was the year that marked the beginning of a new era in the history of
cryptocurrency. While in previous years the Bitcoin network’s intended use was to
provide a network for payments and transactions (Blockchain 1.0), the emergence of
the altcoin Ethereum introduced the idea to use decentralised transaction systems as
a platform for contracts over various kinds of assets (e.g. stocks, bonds, credits, smart
property, smart contracts, etc.) (Sixt, 2017, p.9). Ethereum is therefore commonly
referred to as the first Cryptocurrency 2.0 (also Blockchain 2.0) (Leys, 2014, p.157;
Kifner, 2018, p.118).

In 2016, the enthusiasm around the Ethereum network continued to grow and with it
so called initial coin offerings (also ICO’s) emerged (Marr, 2017). ICO’s are commonly
described as fundraising platforms through which start-up ventures procure capital
from investors who speculate on a future price increase of proprietary tokens offered

by the respective company (Ver, Kanemoto & Matsuda, 2018, pp.16-19).

Figure 4: The number of cryptocurrencies as listed on coinmarketcap.com
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Figure 4 shows the number of cryptocurrencies that were listed on the website
coinmarketcap.com over time. After a reduction of projects between November 2015

and January 2016, the number continued to grow in the following months due to the
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relative ease by which start-up projects were able to generate capital influxes by using
the Ethereum platform.

In 2017, a set of positive influence factors, predominantly rising acceptance, but also
acts by governments (Japan, Russia, etc.) and technical innovations (e.g. Lightning
Network, SegWit) led to a continuous growth of cryptocurrency prices throughout the
year (Marr, 2017; Kufner, 2018, pp.143-156). As indicated in Figure 3, the Bitcoin price
and alongside with it the price of most other major cryptocurrencies rose almost in an
exponential manner from July 2017 until December 2017 (see also Heun, 2018, p.28).
This unprecedented growth of cryptocurrency capitalisation sparked debates on the
issue of cryptocurrency investment bubbles. Numerous celebrities on the field of
finance and investment criticised Bitcoin, comparing it to earlier speculation bubbles,
such as the Dutch tulip mania in the 1630’s (Kufner, 2018, p.153). Others outright
described the entirety of cryptocurrencies as “fraud” or “index of money laundering”
(ibid.). These remarks were however unable to stop Bitcoin’s price surge which peaked
at around 19500 USD in December 2017 (Rhodes, 2018).

However, a series of negative headlines would introduce a downtrend in the beginning
of 2018. Alongside a wave of sanctions imposed by the governments of Egypt, South
Korea, China and India, the search engine Google and the social network service
Twitter announced an upcoming ban of all kinds of advertisement for cryptocurrencies
on their websites (Kufner, 2018, p.160). In their review of the developments of
cryptocurrencies in 2018, Hays & Valek (2019, p.7) state that “as far as prices were
concerned, 2018 was virtually the opposite of 2017. After the euphoria came
disillusionment. After the boom came the bust.” At the day this work is written, the
Bitcoin price is set at a level of 11000 USD after a recovery of a low of 3000 USD at
the beginning of 2019.

3.3.3 Technical features of Bitcoin

3.3.3.1 Asymmetric Encryption and Hash function

The Bitcoin network that Satoshi Nakamoto designed did not introduce any new
technologies that were previously unknown. Instead, he combined a set of
technologies that had already been published in separate projects, such as proof-of-
work, peer-to-peer networks and cryptography to create a new product (Kuifner, 2018,

p.38). In the following, a set of these technical features shall be explained.
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Subject of transactions carried out on the Bitcoin network are Bitcoins which represent
a digital value within the network and consist of a digital string of characters (Sixt, 2017,
p.30). Miller (2014, p.34) illustrates the nature of a unit of Bitcoin by pointing at its non-
physicality and the fact that it is not represented by any bills or coins. He claims that
Bitcoins would neither be stored on computers nor hard drives, but instead simply
represent a record of previous individual transactions (ibid.). These records of
transactions result in balances on so called wallets that are held by users. Wallets have
been given their name by their wallet-alike role within the Bitcoin Network (Franco,
2015, p.123). A wallet is an encrypted computer file, which communicates with other
wallets in the network through a technology called public key cryptography (Pagliery,
2014, p.35). Whenever a new wallet is created, a pair of cryptographic keys containing
a public and a private key is generated (Miller, 2014, p.35). Users hold and securely
store private keys in their wallets (Franco, 2015, p.17). A public key is - as its name
suggests - publicly shared and acts as the address to which transactions can be sent,
similarly to a bank account number (DuPont, 2019, p.60; Franco, 2015, p.124). On the
other hand, a private key can be described as a secret piece of data that proves a
user’s right to conduct transactions from a respective wallet by means of a
cryptographic signature (Guttmann, 2013, p.20).

Wallets are not to be understood as a standard software, but instead occure in a variety
of forms (Heun, 2018, p.91). In general, wallets face a trade-off between flexibility and
security. Hot wallets are predominantly used for day-to-day operations since they are
always conncected to the internet and thus a potential subject to hacks and other sorts
of fraud (Franco, 2015, p.126). On the other hand, cold storages provide for an offline
alternative to securely store long-term holdings of Bitcoin to avoid the previously
mentioned risks (Giese et al., 2016, p.104). Next to hardware wallets, users may also
write down (Paper Wallet) or simply remember their private key strings (Brain Wallet)
as a means of storing them securely (Heun, 2018, p.95; Franco, 2015, p.132). In the
Bitcoin Network, the initiator of a transaction, i.e. the sender, encodes the transaction
with the public key of the receiver, which has been shared between the two parties

prior to the transaction.
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Figure 5: Technical aspects of a transaction on the Bitcoin network
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(Source: own creation based on Nakamoto, 2008, p.2)

The information can then only be decoded with the private key of the receiver who
thereby identifies as the rightful owner of the receiving address (Sixt, 2017, p.37).
Figure 5 illustrates the usage of cryptography in transactions on the Bitcoin network
according to its inventor Satoshi Nakamoto (2008, p.2). To conduct a transaction, the
sender refers to the set of previous transactions that resulted in his possession of the
respective bitcoin units (Sorge & Krohn-Grimberghe, 2012, p.1). This information
includes all public keys that the Bitcoin units were previously assigned to. By using his
private key to create a digital signature that contains an order to send the transaction
to the receiver, the sender proves that he is the rightful owner of the sending public
key. In a transaction, the sender is to create a data package that contains the public
key of the receiver, a hash value about the data of previous transactions and a
signature created by the sender (ibid.). The Bitcoin network makes use of the hashing
algorithm SHA256 in conjunction with the so called Merkle-Damgard construction to
project inputs of any length to a smaller collision resistant hash value (Sixt, 2017, p.38).
The encryption of information by means of cryptography prevents interruptions of
transactions as well as other means of fraud such as double spending (ibid.). Sorge &
Krohn-Grimberghe (2012, p.2) demonstrate that an attempt to manipulate a
transaction is practically impossible with our current technology as it would require a

recalculation of the hash values of all previous transactions on the entire blockchain.
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3.3.3.2 Decentralisation through Blockchain

According to Kerscher (2014, p.37), traditional payment systems usually rely on an
intermediary (e.g. banks or companies like PayPal), who provides a platform for
transactions or carries out transactions in a centralised manner. Giese et al. (2017,
p.6f.) emphasise that the key feature of Bitcoin and its underlying blockchain
technology lies in its decentralised structure (Giese et al, 2017, p.6f.).
Cryptocurrencies forgo such an intermediation and thereby enable users to directly
interact with each other. The decentralisation within the Bitcoin network is achieved
through its peer-to-peer-architecture (Sixt, 2017, p.31). A peer-to-peer network is a
system where all participants enjoy equality of privileges. Simultaneously, they also
bear equal obligations towards one another (Ammous, 2018, p.192). For the case of
Bitcoin, the privilege of its network participants lies in the removal of the need for trust
in a third party while the obligation is to record every transaction within the system
(ibid., p.171). In principle, every simple personal computer can become a part of the
Bitcoin network and thereby maintain Bitcoin’s shared database, i.e. the blockchain,
by recording transactions (Giese et al., 2017, p.7).

Such a computer or client that actively participates in the maintenance is generally
referred to as a node (Leys, 2014, p.46f.). Nodes must be distinguished from normal
users, who do not provide computational power, but just hold units of Bitcoin in digital
wallets and trade them between each other. In Figure 6, a theoretical transaction of 1
Bitcoin (BTC) from Userl to User3 is illustrated. Here, a transaction is initialised by
Userl as a pending request, which is recorded by all nodes. Every Bitcoin transaction
thereby contains three pieces of information: First, an input which is the Bitcoin address
that was used to send the Bitcoins. Second, the amount, which is the number of
Bitcoins exchanged. Third, an output, which is the address where the Bitcoins are sent
(Miller, 2014, p.35). The blockchain is a public record that is shared among all network
participants and contains all Bitcoin transactions in a chronological order. Blocks of
pending transactions are created by all nodes individually and are then - after
verification and validation - added to the public database roughly every ten minutes,

creating a chain of these blocks (Guttmann, 2013, p.17).
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Figure 6: The blockchain from the perspective of users and nodes
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To determine, which node is allowed to add its block to the blockchain, nodes must
use computational power to solve mathematical tasks (Kerscher, 2014, pp.81-85). Itis
then the node that solves this task first that is empowered to add its block to the
blockchain (Heun, 2018, p.13). Finally, all other nodes copy this new version of the
blockchain, and all balances of users are updated accordingly (Miller, 2014, p.43f.). In
the exemplary transaction displayed in Figure 6, Nodel is able to solve the problem
first and thus Node2 and Node3 verify and validate Node1’s version of the blockchain,
which is then taken as a basis to update all balances accordingly. Contrary to
intermediated payment systems where a third party keeps track of all transactions in a
centralised manner, the blockchain is maintained by all participants of the Bitcoin
network that offer their computational power to the system (Franco, 2015, p.5). The
process of creating blocks and appending them to the blockchain is commonly referred

to as mining, which will be further explained in the following.

3.3.3.3 Mining by proof-of-work

The term mining describes the continuous process of using computer hardware to
conduct mathematical calculations for the Bitcoin network (Guttmann, 2013, p.19). It
is a metaphorical name, which hints at the similarities to gold mining (Giese et al.,
2016, p.78). The calculations carried out by miners are needed to verify Bitcoin
transactions, condense them into so called blocks and finally adding these to the
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blockchain (Miller, 2014, p.124). This set of tasks is compulsory and existential for
Bitcoin’s ability to process new transactions (Giese et al., 2016, p.77). Hence, so called
Miners, who offer their computational power, are rewarded with newly created Bitcoins
and the total amount of transaction fees that were condensed in the added block
(Franco, 2015, p.106f.). Thereby, the reward is not equally split among all miners within
the network, but it is the miner who solves the mathematical problem first that is
rewarded (Segendorf, 2014, p.75). In general, the term “calculate”, which is commonly
used to describe the process of mining is not precise. In fact, the Bitcoin algorithm
does not provide problems which are possible to solve through calculations. Rather,
these mathematical problems can only be solved by trial and error (Sixt, 2017, p.40).
Consequently, miners who use the fastest hardware are not guaranteed to find every
proof-of-work first but compared to miners with slower equipment their likelihood of
finding one is higher (Miller, 2014, p.126f.). While in the early days of Bitcoin it was
common to use personal computers to successfully solve proof-of-works, nowadays it
is almost impossible to generate profits in that manner (Schredder, 2018, p.53). The
competition on the field of mining has continuously increased in an arms-race of miners
as Figure 7 illustrates which shows the estimated energy consumption of Bitcoin
miners over time. In order to increase their likelihood of earning Bitcoin and also the
predictability of their income, miners have formed larger mining pools by aggregating
their computational power (Franco, 2015, p.150). In 2018, these pools have accounted
for an energy consumption which is comparable to that of entire countries like Hungary
or Switzerland (Babayan, 2019). Typically, mining pools operate their hardware in
facilities located in countries where energy is relatively cheap (Franco, 2015, p.145).
They receive funding from investors, who are in turn rewarded by mined Bitcoins,
which are split among all investors according to their investment share (Miller, 2014,
p.134). Critics argue that the presence of mining pools poses a threat to the idea of
decentralisation since a small number of mining pools would be able to account for
more than 50 percent of computational power (e.g. Gervais, Karame & Capkun, 2014,
p.3). In such a scenario which is commonly referred to as a 51-percent-attack, a mining
pool holding the majority of computational power would be able to decide which
transactions will be validated and thereby conduct fraudulent double-spending (Sixt,
2017, p.105).

23



Figure 7: The estimated global energy consumption of Bitcoin mining
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(Source: own creation based on data provided by Digiconomist.net website, n.d.)

The blockchain of Bitcoin is designed in a way that a new block is created every ten
minutes (Nakamoto, 2008, p.4). A fixed difficulty of the mathematical problems to be
solved by miners would imply that in a scenario of increasing computational power as
it was present in recent years, the time needed to solve a problem and consequently
create a block would decrease. Therefore, the difficulty of the respective proof-of-
work’s is determined by a moving average, precisely the average amount of blocks per
hour (Sixt, 2017, p.41). In case the average time of ten minutes required for the
creation of a block is fallen short of, the difficulty of mathematical problems will be
adjusted biweekly (ibid.). The Bitcoin protocol specifies that the amount of newly
created coins that miners are rewarded with will halve every four years (precisely every
210,000th block), eventually being removed entirely in 2140 (Miller, 2014, p.44). By
that time, the total Bitcoin supply will have reached its maximum of around 21 million
Bitcoin. Currently, a newly created block is rewarded with a newly created amount of
12.5 Bitcoin and in May 2020, this reward will be halved to 6.75 Bitcoin
(Bitcoinblockhalf.com website, 2019).
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4 Bitcoin as a means of exchange

4.1 A monetary theory perspective

The question whether Bitcoin is a feasible means of exchange is theoretically easy to
answer, but from a practical perspective an underlying complexity unfolds as explained
in the following subchapters. In chapter 2, the three basic functions of a currency as a
means of exchange, as a store of value and as a unit of account have been examined.
Although this paper aims at elaborating only one of these three functions, namely the
means of exchange and payment function, all three functions must be considered at
this stage of the analysis since there is an interdependence between these. For
example, a commodity may only become a generally accepted means of exchange if
it is also able to store value, since otherwise nobody would be willing to accept it
(Ammous, 2018, p.4f.). Similarly, it is a logical consequence that money expresses the
value of other goods and services in multiples of its units if it is used as a means of
exchange (Vandezande, 2017, p.139). If we look at Bitcoin and its underlying concepts
as laid out in chapter 3.3, it is arguable that the cryptocurrency from a mere theoretical
point of view is capable of functioning as a means of exchange and payment (Giese et
al., 2014, p.5). First, it is possible to exchange Bitcoin against other assets and to use
it as a means of payment at a growing number of retailers, such as Microsoft, Dell or
Expedia (Kasper, 2017, p.28; Madore, 2018).

Table 1: Bitcoin Denominations

Denomination Value
Megabitcoin 1,000,000 BTC
Kilobitcoin 1,000 BTC
Hectobitcoin 100 BTC
Decabitcoin 10 BTC

Bitcoin 1BTC
Decibitcoin 0.1 BTC
Milibitcoin 0.01 BTC
Microbitcoin 0.000001 BTC
Satoshi 0.00000001 BTC

(Source: own creation based on Miller, 2014, p.42 f.)
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Second, Bitcoin’s divisibility allows for prices to be expressed in its units as we can see
in Table 1, which shows all commonly used denominations. Since Bitcoin is designed
to increase in value over time, its source code allows transactions that are as granular
as a hundredth of a millionth of 1 Bitcoin. This most granular unit on the Bitcoin network
is called Satoshi (Miller, 2014, p.43). Hence, even if the price of one Bitcoin would
reach a level of 1,000,000 USD, the current setting would still allow Bitcoin to display
transactions in the 1 US Cent range, which would be the price of a Satoshi in such a
scenario (Kenigsberg, 2013). Therefore, it can be argued that the underlying
architecture allows for the use of Bitcoin as a unit of account. Third, Bitcoin may work
as a suitable store of value. If a person purchases 1 Bitcoin, he or she may exchange
it for other goods and services at any time as long as Bitcoin is accepted by other
parties. Thereby, Bitcoin is able to preserve purchase power over time. While this
purely theoretical examination is only answering the question whether it is possible to
use Bitcoin as a means of exchange, it does not answer whether Bitcoin is actually
used as such or whether it is likely to be used as such in the future. Therefore, the
following subchapters shall further examine Bitcoin’s usefulness as a means of

exchange from a variety of perspectives.

4.2 A transactional perspective

4.2.1 Transaction costs

A major incentive of introducing Bitcoin as a means of payment is that transactions on
its network are comparably cheap (Heun, 2018, p.138). Figure 7 shows the
development of the average next-block transaction fee in USD over the last three
years. Thereby, a next-block transaction fee is to be paid if a user wants his transaction
to be confirmed by the blockchain within the next block, i.e. within the next ten minutes
(Bitcoinfees website, n.d.). The fee peaked out in January 2018 at over 35 USD per
transaction, but soon collapsed and remains at a price of less than 5 USD at present.
When carrying out a transaction on the Bitcoin network, it does not matter whether the
interacting parties are located in different countries or whether it is a domestic
transaction; the transaction fee remains the same (Giese et al., 2016, p.141). Hence,
Bitcoin provides for a universal world-wide means of payment. However, Berentsen &
Schar (2017, p.245) emphasise that the fees directly paid by senders only account for

a minor share of the total economic costs that each transaction involves.
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Figure 8: Average next-block transaction fee in USD
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(Source: own creation based on data provided by bitcoinfees.info website, n.d.)

Since every block, which is mined ex-nihilo, creates new units of bitcoin as a
compensation for the respective miner, the total supply is continuously extended.
These newly minted Bitcoins represent additional costs, which are indirectly paid by
the entirety of users on the network since the inflation of supply leads to a decreasing

value of previously existing units (ibid., p.246).

Figure 9: The economic costs per Bitcoin-transaction
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Figure 9 illustrates the development of miners’ revenue over time, which follows a
similar trend as transaction fees, but is overall much higher. For instance, in January
2018, the network had to bear economic costs of over 160 USD per transaction, which
were granted to miners as revenue. The effects of this inflation of Bitcoins is, however,
difficult to detect predominantly due to the high level of volatility (Moos, 2019). Critics
also raise concerns about the in chapter 3.3.3.3 mentioned waste of energy, which is
caused by the energy consumption of miners (Thum, 2018, p.3). The Bitcoin
Sustainability Report 2017 estimated the average energy consumption per transaction
at 259 kwWh, which is more than an average U.S. household needs per week

(Digiconomist.net website, 2018).

4.2.2 Anonymity

Bitcoin transactions are by design not completely anonymous or secret, but rather
public and pseudonymous. Whenever transactions are conducted on the Bitcoin
network, users only identify each other by their addresses, i.e. public keys (Franco,
2015, p.14). The real identities behind public addresses remain hidden, thereby
providing quasi anonymity or pseudonymity (ibid.). Kasper (2017, p.24) describes the
degree of anonymity as incomplete, but nevertheless high. Users must not share their
real identity and therefore remain anonymous, but by public keys they are provided
with pseudo-identities that enable other users to trace back all transactions of their
accounts (Sixt, 2016, p.33). Like cash in non-virtual commerce, Bitcoin is intended to
allow its users to carry out anonymous transactions on the internet (Weber, 2013,
p.80). Green (2013) describes the level of Bitcoin’s anonymity as lying between cash
and credit cards.

Wu (2017, p.4) notes that Bitcoin’s anonymity provides people that have a relatively
crucial demand for non-retraceable transactions, among others also criminals, with a
solution. He further clarifies that the anonymity of Bitcoin is only a true advantage to
individuals that have a reason to hide their identity, such as criminals (ibid.). Irwin &
Milad (2016, p.410) reference a number of terrorist attacks that have evidently been
financed with Bitcoins. Another notorious website that made use of Bitcoin’s anonymity
was the online black-market Silk Road, which operated in the dark web as a platform
for selling illegal drugs (Wu, 2017, p.5). In October 2013, when the operator of Silk
Road Ross Ulbricht was detained and the platform was shut down by the FBI,

transactions on the website accounted for around 50 percent of Bitcoin’s total
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transactions (Kufner, 2018, p.95). Hence, despite the undisputed moral issues of these
Bitcoin stakeholders, it remains evident that Bitcoin is used as a means of exchange
by those who intend to remain hidden. Nonetheless, a variety of sources argue that
due to the public ledger of all transactions it would be relatively easy to implement
measures to trace back illicit transactions (e.g. Villasenor & Monk, 2011, p.18; Moser,
Bohme & Breuker, 2013, p.1). Miller (2014, p.63f.) also identifies libertarians,
cryptographers and privacy advocates as other possible user profiles with legal
intentions of usage. In case the identity behind a public key is revealed, the anonymity
of that specific user is diminished. According to Leys (2014, p.78), the blockchain
represents both Bitcoin’s biggest strength and its biggest weakness in terms of its

anonymity.

4.2.3 Finality of transactions

Next to anonymity, another feature that is often referred when examining the potential
of the Bitcoin network is the finality of transactions. This finality is a prerequisite of a
decentralised payment system. In traditional centralised payment systems, funds,
which are displayed on each user’s account, are technically held by the system’s
operator and may thus be revoked in case of errors or fraud (Franco, 2015, p.15).
Since such a party is absent in any decentralised payment scheme, moderation is not
possible (ibid.). A Bitcoin transaction that has been verified, validated and then added
to the blockchain is irreversible (Sixt, 2017, p.30). Therefore, if a hacker is able to
unlawfully access other users’ wallets and steals funds by sending them to his own
wallet, there is no means to reverse the damage (Kasper, 2017, p.25). The same
principle obviously applies for users that send their Bitcoins to a wrong wallet.
Consequently, users are required to handle information regarding their accounts and
transactions responsibly (Kerscher, 2014, p.37). In traditional payment schemes, a
transaction usually imposes a risk of fraud on the side of the vendor. A buyer may try
to spend his funds in excess of what he is actually eligible to and thereby receive goods
or services of the seller without actually paying them. The underlying issue of this
scenario is commonly referred to as the double spending issue (Asolo, 2018a). In his
white paper, Nakamoto (2008, p.8) envisioned a network that would allow for electronic
transactions without trust and consequently also without risk. However, according to
Franco (2015, p.25), critics argue that in the Bitcoin network, the risk that traditionally

lied at the side of the vendor is shifted to the buyer. Those buyers that experience
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fraud, such as non-delivery of goods and hence look for a retraction of payments, will
face difficulties if they are unaware of the vendors real identity (ibid.). However,
Dourado (2015, p.33) explains that Bitcoin in fact provides for an opportunity to conduct
reversible transactions or so-called multi-signature transactions. Thereby, a third party
in form of an arbitrator is involved into a transaction whose presence improves the
security of a transaction (Asolo, 2018b). The arbitrator ensures that transferred funds
remain locked in an escrow account until the goods have been delivered and
consequently prevents the buyer from being subject to scams (Buntinx, 2017). Such a
set up obviously raises transaction costs due to costs of arbitration, but according to
Dourado (2015, p.33) the total transaction costs is still lower than those of credit card
systems. However, an analysis carried out by tradeblock.com (2015) shows that the
relevance of multi-signature transactions is relatively low with a share of less than 1%
of all transactions. In the absence of more recent data on this subject, it must be
assumed that their relevance is still negligible at the present day. For Bitcoin’'s
envisioned role to become a widely used means of payment, the aspect of finality of
payments may pose a severe obstacle. The conjunction of irreversible transactions
and little to no room for legal recourse in case of fraud may significantly hinder a mass

market adoption of cryptocurrencies (Kasper, 2017, p.25; Franco, 2015, p.5).

4.2.4 Complexity

A third reason for the relatively slow adoption of Bitcoin as a means of exchange is its
inherent complexity (Sixt, 2017, p.91). John McAfee - founder of an anti-virus program
and a celebrity in the cryptocurrency community - stated that Bitcoin would be “too
complex for the average individual” (Young, 2015). Especially in e-commerce, a
relatively easy handling is of significant importance for payment solutions since most
retailers usually provide a variety of payment methods. Hence, these methods are
competing with each other (Heun, 2018, p.145). A situation in which this complexity
unfolds is the acquisition of new Bitcoins. Yermack (2013, p.10) described that while
in the first years of Bitcoin’s presence, users were able to acquire units of Bitcoin
through mining them with personal computers, this practice has nowadays practically
vanished due to an increased mining difficulty, which came about with increased
competition on the field of Bitcoin mining (see also Co, 2017). Instead, users have to

set up a purchase on an online exchange by providing the exchange with their bank
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account information which implies a certain counter party risk due to low liquidity and
other systematically intrinsic risks on the side of exchanges (ibid.).

4.3 A market perspective

4.3.1 Intended use of market participants

Among all cryptocurrencies, there is no doubt that Bitcoin to this day is the most widely
adopted cryptocurrency with thousands of companies accepting it as a means of
payment (Walton & Johnston, 2018, p.166; Franco, 2015, p.22). In addition, the
number of daily transactions on the Bitcoin network experienced a rise from its

inception until its peak price in early 2018 as Figure 7 indicates.

Figure 10: The number of confirmed daily transaction on the Bitcoin network
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(Source: own creation based on data provided by blockchain.info website, n.d.)

The figure shows the development of the number of daily transactions that were
confirmed on the blockchain of Bitcoin over time. In contrast to the market price which
is still recovering from its collapse that unfolded throughout the year 2018, the number
of transactions recovered relatively quickly and continues to rise to this day. However,
this tendency does not provide evidence for the emergence of Bitcoin as a means of
exchange since the majority of transaction is according to the U.S. Drug Enforcement
Administration not devoted to the sale or purchase of goods, but to price speculation
(Russo, 2018). Baur, Hong & Lee (2017, p.2) note that for Bitcoin to become a
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generally accepted means of exchange, it would consequently have to be
predominantly used to purchase and sell goods and services, competing with other fiat
currencies. As pointed out, such a usage is currently the exception rather than the
norm.

Furthermore, a recent study carried out by Bitwise Asset Management (2019, pp.20-
62) presents evidence that the total volume of Bitcoin transactions is actually much
lower than it is presented on widely accepted websites such as coinmarketcap.com,
because most exchanges would artificially inflate these volumes to benefit from
appearing as more widely used than they actually are. Thereby, the reported daily
Bitcoin trade volume of around 6 billion USD which represents a daily turnover of 8.6
percent, shrinks to an actual figure of 273 million USD and a turnover of 0.39 percent
if only the volume of those exchanges is considered that were deemed legitimate by
the study (ibid., p.61f.). The relatively low turnover of Bitcoin might again be caused by
its primary use as a speculative investment. Most of Bitcoin’s users simply hoard their
bitcoins on inactive accounts, hoping to achieve gains from a future Bitcoin price
increase (Franco, 2015, p.27). Kerscher (2014, p.125) described the phenomenon of
hoarding as a consequence of deflation caused by the inherent scarcity of circulating
Bitcoins. In times of increasing demand for Bitcoins, holders have a lower incentive to
spend their funds since they expect their Bitcoins to be more valuable in the future,
meaning that the prices of goods and services in Bitcoin will decrease. In such a
scenario, prices of goods would however not really decrease for Bitcoin holders since
the acceptance of Bitcoin as a means of payment is still relatively low and thus most
goods or services cannot be acquired using Bitcoins (ibid., p.127f.). Much rather,

Bitcoin would fail to establish itself as a means of payment and exchange (ibid.).

4.3.2 Market concentration

Alongside the phenomenon of hoarding, Bitcoin’s supply is spread very unevenly
amongst its wallets as Figure 8 indicates. Here, the concentration of Bitcoin units on
relatively few wallets is illustrated in comparison with a straight line which represents
a theoretical equal distribution of Bitcoin across all wallets. In fact, 3 percent of Bitcoin
wallets hold a combined share of more than 95 percent of the total supply of Bitcoins.
Wallets are thereby held by a person or a legal entity, but there is no way to draw a

precise conclusion for the distribution of Bitcoins among its users since one user may
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hold multiple wallets or conversely, a group of users may share a single wallet (Leys,
2014, p.124f.).

Figure 11: The distribution of Bitcoin units on registered wallets
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Courtois (2014, p.31) notes that the large inequality of wealth distribution on the Bitcoin
network may lead to late adopters leaving the cryptocurrency aside, seeking for a new

one that offers more equality.

4.4 A conceptual perspective

4.4.1 Scalability

A conceptual weakness that could potentially hinder Bitcoin from becoming the world’s
most widely used means of exchange is the so-called scalability issue (Berentsen &
Schar, 2017, p.251). Thereby, the issue unfolds in two different ways. First, to avoid
the number of transactions from becoming large enough to overexert the network,
Bitcoin is designed in a way that there is a hard cap of transactional throughput, which
cannot be exceeded (Gurguc & Knottenbelt, 2018, p.19). This conceptual limit is
enforced by the maximum size of each block as well as the average confirmation time
of ten minutes per block, which is as already mentioned in chapter 3.3.3.3 maintained
by adjusting the mining difficulty in accordance to the computational power of nodes
(Berentsen & Schar, 2017, p.250). If the number of transactions is higher than the
maximum of transactions that can be processed under these restrictions, the
blockchain congests (Bank of International Settlements, 2018, p.100). Currently, the

number of transactions is taxed at around 400,000 per day with a rising trend as
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previously shown in Figure 7 (see chapter 4.3.1). A second dimension of the scalability
issue is linked to the growing size of the blockchain. As a consequence of the
requirement to represent an accurate account of all historic transactions, the
blockchain’s size has continuously increased as shown in Figure 10. The current size
of the blockchain accounts for around 210 GB and the curvature of the graph indicates
an exponential growth in upcoming years. At the present day, these two dimensions of
the scalability issue only partly affect both miners and users, since neither the
maximum storage capacity of miners has been exceeded nor the maximum number of
transactions. The theoretical transactional capacity of the Bitcoin network lies at 27
transactions per second, which equates to 972,000 transactions per day and is
therefore still relatively far from being reached with a historic peak of daily transactions
that occurred in December 2017 with around 405,000 transactions (Georgiadis, 2019,
p.1; blockchain.info website, n.d.). However, the implications of these two tendencies
for the future role of Bitcoin only become clear if we compare its capacities with those

of its competitors.

Figure 12: Bitcoin’s blockchain size over time
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At the time of writing, VISA processes an average of 150 million transactions per day
or 1736 transactions per second, which is more than 150 times higher than the capacity
of Bitcoin (VISA USA website, n.d., Georgiadis, 2019, p.1). According to Moos (2019),
the current limit of 2 MB per block on the Bitcoin network allows for 3500 transactions
per block with each transaction accounting for an average of 570 bytes. In a theoretical
scenario where we project the number of VISA transactions onto Bitcoin’s blockchain,
its incapability of representing any kind of competition in its current state becomes
obvious. For example, the block creation time would have to be shortened from
currently ten minutes to just two seconds per block to process the number of
transactions that are currently processed on the VISA network. Similarly, if we assume
the ten minute average time frame of block creation to remain, each block’s size would
have to be increased to 600 MB and hence the size of the blockchain would increase
in a way that it would soon be impractical to store its whole version on most

computational devices (Bank of International Settlements, 2018, p.99).

4.4.2 Volatility

Volatility describes an asset's fluctuation in price over a period of time
(Wirtschaftslexikon Gabler, n.d.). From a currency perspective, low volatility can be
identified a characteristic feature that unites all major established currencies in today’s
global economy (Miller, 2014, p.155; Sixt, 2017, S.107). Thereby, central banks hold
a monopoly on the issuance of new bank notes which allows these centralised entities
to determine the currency supply (Godschalk & Kriger, 2000, p.4). By either
contracting or extending this supply of monetary units, central banks anticipate
fluctuations on the demand side of currencies following a monetary policy that is
among other motives oriented on securing monetary stability (Borchert, 2001, p.275;
Jarchow, 2010, p.11ff.).

In contrast to government currencies, Bitcoin’s volatility is significantly higher as Figure
11 indicates. The data provided by investing.com (n.d.), which displays the
development of standard deviations of the exchange pairs of EUR/USD in comparison
with BTC/USD illustrates the fact that the degree of volatility that Bitcoin experiences
is in fact significantly higher than the volatility of the two most widely used currencies
in the present-day economy. While the standard deviation of the Euro price in units of
USD fluctuated between 60 and 90 pips in the period from July 2018 to May 2019, the

standard deviation for the Bitcoin price in units of USD amounted to significantly higher
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figures ranging from 1000 to 3500 pips. According to Leys (2014, p.84), Bitcoin’s
relatively high price volatility might pose the most severe obstacle for the
cryptocurrency’s adoption. If a retailer introduces an option for customers to make
payments with Bitcoin, he introduces a certain exchange rate risk to his operations
(Giese et al., 2017, p.142).

Figure 13: Volatility of EUR/USD and BTC/USD in Pips
In Pips EUR/MUSD
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Since Bitcoin’s exchange rate to government-currencies like Euro or USD constantly
fluctuates, the usage of Bitcoin implies great uncertainty for both customers and
retailers: Customers might be worried that the units of Bitcoin that they are holding will
be more valuable in the future and therefore refrain from spending them. Similarly,
retailers might be afraid that those units of Bitcoin that they accept as payments might
lose their value in the future (Sixt, 2017, S.107). The reasons for this phenomenon of
volatile exchange rates that does not only affect Bitcoin but very much the entirety of
cryptocurrencies apart from stable coins are manifold. As already pointed out in
chapter 3.3.3.2, the Bitcoin network forgoes the installation of a centralised entity that
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governs over the supply of Bitcoin units. Instead, the supply is fixed by the networks
source code that sets the limit of coins to around 21 million, which are gradually being
issued until the year 2140 (Miller, 2014, p.44). Consequently, in times of fluctuations
of demand for Bitcoin, there is no entity that may alter the supply in an anticipating
manner as it is the case in governmental monetary schemes. This conceptual issue is
paired with a set of other issues that create an environment governed by uncertainty.
First, although the market capitalisation of Bitcoin has experienced a remarkable
growth in recent years, it still remains a comparably small market (Franco, 2015, p.33).
On the day of writing, the market capitalisation of cryptocurrencies listed by
coinmarketcap.com (n.d.) accounts for a little over 300 billion USD with Bitcoin
resembling a share of 65% or 208 billion USD. In comparison, the global stock market
reached a capitalisation of 76.3 trillion USD in 2017 (FXCM website, n.d.). Therefore,
even a comparably small amount of transactions can lead to stark fluctuations of
Bitcoin’s market price (Vejacka, 2014, p.77). If this tendency is viewed in conjunction
with the aforementioned high concentration of units of Bitcoin on a small number of
wallets, it becomes evident that a small number of individuals are able to greatly
influence the market price as news headlines of price drops that followed large scale
transactions further indicate (e.g. Recksiek, 2019; Akhtar, 2019).

In addition to this issue, while Bitcoin enthusiasts often tend to use the term of fiat
money in a derogatory manner to point at the lack of intrinsic value of governmental
currencies, Bitcoin suffers from the same issue to an even larger degree. The
network’s coins are not backed by any assets and furthermore, laws that enforce the
acceptance of the currency — as present for governmental currencies — are missing
(Kerscher, 2018, p.16; Franco, 2015, p.31). Consequently, the only factor that
determines the market price of Bitcoin is the market participants’ perception of their
future value (Ciaian, Rajcaniova & Kancs, 2014, p.6). A statistical model developed by
Kinderis, Bezbradica & Crane (2018, p.11) to predict the price development of Bitcoin
empirically backs this observation by suggesting that the most dominant influence
factor on the Bitcoin price is the sentiment of market participants that was observed on
social media platforms. Real time events on cryptocurrency markets and news
headlines would thereby lead to price shifts that could be explained and foreseen by
their model (ibid.).

An issue that is a staple in those headlines is the regulatory uncertainty of Bitcoin,

which provides for another potential factor contributing to the cryptocurrency’s intense
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volatility (Kerscher, 2014, p.109). Although Franco (2015, p.30) notes that confiscation
of Bitcoins is technically impossible, which distinguishes the cryptocurrency from
governmental currencies or precious metals, governments might still introduce
significant burdens or even ban the use of cryptocurrencies by shutting down
exchanges and payment processors, which handle a major share of transactions
(Franco, 2015, p.32; Weber, 2013, p.11). On the other hand, government regulation
must not necessarily have negative implications. While an over-regulation in a solely
restrictive manner would severely impair the usefulness of Bitcoin as a means of
exchange, a more moderate regulatory policy could change the fraudulent and illicit
image of the cryptocurrency and simultaneously relieve market participants from

present regulatory uncertainty (Kerscher, 2014, p. 113).

38



5 Conclusion

5.1 Summary

Considering all facts presented in this work, it must be concluded that Bitcoin in its
current state will likely not assume an important role as a means of payment and
exchange.

In chapter 2, a review of monetary theory and an explanation of the role of currencies
in modern economies has been provided. The triad of intrinsic functions of currency as
a unit of account, a store of value and a means of exchange and payment greatly
enhance an economy’s efficiency. Absolute prices measured in units of a respective
currency significantly reduce the resources that parties must spent on the procurement
of price information and additionally enable all kinds of commercial accounting. By
being utilised as a generally accepted means of exchange and payment, the presence
of currencies also introduces a means to divide transactions into sales and purchases,
replacing the double coincidence of wants as present in barter economies by a single
coincidence. The third intrinsic function of currency as a store of value empowers its
holders to preserve their purchase power over time and spend funds whenever a need
arises. Here, the stability of value of a currency is of great importance and
consequently, currency schemes must overcome issues of inflation and volatility to
provide their holders with a sufficient degree of certainty to properly function as a store
of value. If a currency shall function in the aforementioned ways, academic literature
additionally suggests that a currency should have a set of properties, which are
described by the five features of portability, permanency, homogeneity, divisibility and
scarcity.

In chapter 3, both virtual currencies and cryptocurrencies have been defined and
distinguished before examining the technical underlying of the cryptocurrency of
Bitcoin. While virtual currencies usually serve as a means of payment within a specific
community to carry out transactions, cryptocurrencies differ from them by their
universal accessibility and their decentralised design. The latter emerged in 2008 when
the white paper of Bitcoin was published, being the first currency scheme that
combined the technologies of decentralised ledgers, blockchain and cryptography.
Throughout the relatively short history of cryptocurrencies, Bitcoin has always
remained the most dominant player on its market, although countless other
cryptocurrency projects have emerged. Thereby, its market capitalisation has over the

course of numerous investment bubbles continuously risen. Within the Bitcoin network,

39



transactions are carried out between public addresses that use cryptographic private
keys to verify their rightful ownership, thereby preventing users from fraudulent
transactions, such as double spending. Instead of making use of a centralised entity
that monitors transactions, Bitcoin shifts the responsibility of maintenance to the
entirety of its network. So called miners offer their computational power to keep track
of all transactions and create a blockchain that resembles a record of all transactions.
In turn, miners are rewarded with newly minted units of Bitcoin as well as collected
transaction fees whenever they have been able to create and add a new block to the
blockchain.

In chapter 4, the feasibility of Bitcoin as a means of exchange has been examined by
pooling the results of the previous two chapters as well as showing additional practical
implications that arise from different perspectives. The cryptocurrency is arguably able
to theoretically fulfil all three functions of currencies. However, when looking at the
feasibility of Bitcoin as a means of exchange and payment from a more practical
perspective, several obstacles seem to hinder its usefulness. First, although the fees
per transaction appear to be comparably low, the overall costs per transaction that
shall be borne by the entire network are significantly higher. Moreover, the combination
of quasi-anonymity and finality of transactions are only truly beneficial to people
involved in criminal activities and instead introduce additional risks to those, who
purchase goods and services with Bitcoin. Thirdly, the inherent complexity represents
another obstacle to mass market adoption. From a market-perspective, the rising
number of transactions does not indicate that the acceptance of Bitcoin is growing
because most of these transactions are devoted to speculation. Additionally, studies
suggest that the overall transaction volume might in fact be much lower than the figures
that are displayed by major data providers. Instead of using Bitcoin as a means of
payment, most holders simply hoard the cryptocurrency on cold storage accounts,
hoping to benefit from potential future price appreciation. The tendency of hoarding is
furthermore combined with the issue that Bitcoin’s supply is very unevenly spread
amongst its wallets which might deter late adopters from using Bitcoin when other
cryptocurrencies offer more equality. Alongside transactional and market-related
issues, Bitcoin also suffers from conceptual weaknesses that unfold in its restricted
scalability and high levels of volatility. Although the scale of the Bitcoin network has
not reached a level where its functionality is negatively impaired, the cryptocurrency

has a hard cap of transactional throughput and also the size of the blockchain is
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continuously increasing, which both provide for obstacles assuming continuous growth
of transactional volume. A major reason for the volatile nature of Bitcoin are the
absence of a central entity that governs over the supply of Bitcoin. Since the supply of
coins is fixed, shifts on the demand side lead to price fluctuations that are far greater
than those of governmental currencies.

The entirety of presented findings in this work lead to the conclusion that the intrinsic
function of currency as a means of exchange and payment can theoretically be fulfilled
by Bitcoin, but when looking at the cryptocurrency from a more practical perspective,
the aforementioned restrictions and weaknesses seem to significantly impair its
potential to assume such a role in the future. While the technicality and the economic
costs of transactions may be seen as minor obstacles to the usefulness of Bitcoin in
present day commerce, the characteristics of the Bitcoin market as well as its
conceptual design indicate that the project is not only not used as means of exchange
and payment, but also not designed in a way that allows for broad acceptance. In fact,
low turnover rates, hoarding of Bitcoins and predominantly speculative transactions
show that most users interpret the cryptocurrency as a means of storing value that has
a potential to generate gains from future price appreciation. Apart from this tendency,
the conceptual analysis provided by this work additionally shows that Bitcoin suffers
from severe scalability issues, which unfold in its comparably low capacity to process
transactions and in the growing size of the blockchain. It has been demonstrated that
these two conceptual restrictions will lead to issues that will under the assumption of a
continuous growth of transactional volume significantly impair the functionality of the

network.

5.2 Critical acclaim

Both Bitcoin and cryptocurrencies in general are still in an infancy-stage of
development. The coverage of Bitcoin in macroeconomic literature is consequently
relatively low and often shallow. On top of that, the sources that were reviewed in the
course of this work tend to focus either at the pros or the cons of Bitcoin’s usefulness
as a means of exchange. This tendency reflects continuous discussions of Bitcoin
critics and enthusiasts, which might partly also be detached from mere facts due to the
conflict of interest of governmental institutions and Bitcoin investors. The findings of
presented in this work are also not to be projected on other cryptocurrency projects

that have emerged either as improved versions of Bitcoin or as entirely new forms of
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cryptocurrencies. Throughout this work, the role of Bitcoin as a means of exchange is
evaluated from a global perspective. More specific research might draw different
conclusions on the feasibility of the cryptocurrency as a means of exchange and
payment, e.g. for distinct economies that suffer from dysfunctional currency schemes
with high levels of inflation.

5.3 Outlook

The findings of this work indicate that Bitcoin is unlikely to assume a role of a generally
accepted and widely adopted means of exchange and payment. Although the currency
would thereby ultimately fail to fulfil its initially intended purpose, its systematically
inherent and unique scarcity might lead to Bitcoin becoming a useful store of value for
investors. It is also likely that Bitcoin will remain a useful means of exchange and
payment in smaller online communities, e.g. in online black markets where the
advantages of quasi-anonymity and finality of transactions outweigh the disadvantages
of volatility, low scalability and complexity. Additionally, although Bitcoin’s protocol
itself cannot be altered, developers and users might fork the currency to create an
improved version of the cryptocurrency as it has happened in the past. It is therefore
possible that a future version of Bitcoin is introduced by a fork that is able to overcome
the issues that the current Bitcoin network suffers from. In such a case the usefulness
of Bitcoin as a means of exchange and payment would have to be reconsidered in the

course of future academic work.
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lll. Glossary

Dutch Tulip Mania

Guinea

Lightning Network

Merkle-Damgard construction

Peer-to-Peer

SegWit

SHA 256

An excessive trend of purchasing and
growing tulips that was prevalent in Holland
about 1634 and led to high levels of
speculation (Merriam Webster, n.d.).

An old British unit of currency that is still
occasionally used in auctions (Collins
Dictionary, n.d.).

A new protocol that aims at achieving a
higher transactional throughput of the
Bitcoin network and lower transaction costs
(Blockstream website, n.d.).

A method of building collision-resistant
cryptographic hash functions (Sixt, 2017,
p.38).

A network in which users are able to share
information directly with each other without
depending on a central server (Merriam
Webster, n.d.).

A process that separates transactional
signatures from Bitcoin transaction, thereby
raising the maximum number of
transactions within one block
(Binance.vision website, n.d.).

A hash algorithm that generates a 256 Bit
random sequence of characters out of any
given input to protect digital information

(Decryptionary website, n.d.).
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