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Abstract
This article examines the use of the blockchain to create limited editions of digital art with a
particular focus on the business models of two companies: Monegraph and Ascribe. For some, the
development of blockchain technologies and smart contracts suggests an opportunity for artists to
protect their work from misuse and expropriation. For others, it suggests the possibility of
stronger forms of digital rights management, going forward, that may negatively impact digital
culture. However, this article argues that the aim of limited editions on the blockchain is not usually
to institute stronger restrictions over use or a new form of digital rights management but rather to
create new kinds of tradable digital assets. In turn, this trend implies a different operation of
intellectual property rights with respect to digital culture, one where alienation rather than
exclusion is significant, and a different operation of scarcity with respect to digital cultural goods,
where their free circulation is not necessarily antithetical to profit.
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Introduction

More so than any form of mechanical reproduction, digital reproduction frustrates notions of
originality that the cultural industries are founded on. Every act of reproduction and circulation
produces a perfect copy, indistinguishable from the original work. The result, in the field of digital
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art, is a push to develop new ways to monetize digital cultural artefacts, or alternatively, to embrace
the anti-commodity status of the digital artwork as a socioeconomic critique. Indeed, some
(although certainly not all) of digital art innovates and comments on these transformations to the
economic and ontological status of the artwork in the age of its digital reproduction.

For example, the Free Art and Technology (F.A.T.) Lab in Paris was a collective dedicated to
enriching the public domain through the development of creative technologies and media. Until its
closure in 2015, its artists devised a number of works that challenged the monopoly of large ICT
platforms and cultural industries over digital culture. One F.A.T Lab project in particular made an
explicit commentary on attempts to commodify digital art works. A collaboration with digital artist
Addie Wagenknecht, ‘Limited Editions of Unlimited’ is an Internet series of signed copies of
works by Wagenknecht that are abundant and freely available for download. The caption in the
latest F.A.T. publication screams:

Put it on your walls, on buildings, hang it up in MoMa, give it to your friends, your Grandma, lick it, eat

it (maybe it taste good) . . . We want to see us everywhere (Quaranta and Juarez, 2013).

According to Wagenknecht, the piece challenges an economic modality where the culture
industry can ‘charge more for a good because there is less of it’ (Wagenknecht in Kane, 2016,
para. 5). Where the limited edition is a significant technique through which digital art is drawn into
an economic realm where it becomes a good that can be bought, sold and exchanged, Wagen-
knecht’s work poses a direct, if symbolic, sabotage to this economy of artificial scarcity. ‘What we
often don’t realize is so many markets, if not all, ride on artificial scarcity’, Wagenknecht argues.1

‘Limited Editions of Unlimited’ uses digital abundance to intervene in the logics of an art market
that seeks to commodify and rarefy digital culture.

If recent digital technologies such as the codec, high-speed networks and the three-dimensional
(3D) printer presented a challenge to an economy of artificial scarcity, this article explores the use
of the blockchain, the cryptographic ledger that underpins Bitcoin, as a technology designed to
produce a new kind of scarcity for freely reproducible digital goods. Blockchain technologies are
being used to transform business models in the creative and cultural industries; however, this
article will focus on its use in digital art markets and digital images rather than transformations to
the music, film or entertainment industry. So too, there are a number of different business models
at play including new payments and remuneration models, new forms of data monetization and
limited editions. This article focuses on the latter.

This article has both a specific and a generic focus. Specifically, it studies recent proposals to
use the blockchain as a mechanism to secure, verify and authenticate digital art. For some,
blockchain technologies suggest an opportunity for artists to protect their work from illegal
licensing and expropriation (Dovey, 2015; Tapscott and Tapscott, 2017; Wallach, 2014). For
others, it suggests the possibility of stronger forms of digital rights management, going forward,
that may negatively impact digital culture (O’Dwyer, 2015; Wright and De Filippi, 2017: 32;
Zeilinger, 2017). Using a combination of discourse analysis of existing patents and whitepapers on
blockchain applications for digital art2 and semi-structured interviews with artists and gallerists
currently distributing and licensing their works through blockchain platforms,3 this article explores
the use of the blockchain as a technique to create limited editions of digital art.

Generically, this article uses this analysis to examine key shifts in the valorization of digital
culture and asks what turns towards the cryptographically secured limited edition suggests for
the political economy of digital culture more generally. Rather than presenting the rise of
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blockchain-based business models as a conflict between creative freedom and stronger intel-
lectual property rights as we know them, this article argues that proposals to register and
authenticate works of art on the blockchain suggest a broader transformation to the economy of
digital cultural goods. Specifically, I argue that this trend implies a shift in digital culture from
cultural good to financial asset, a different operation of intellectual property rights where alie-
nation rather than exclusion is significant, and a different operation of artificial scarcity with
respect to digital art, where their free circulation is no longer antithetical to profit.

The second section explores some economics of digital goods, briefly rehearsing the ways in
which digital culture and its associated technologies have both courted and challenged a cultural
industry model based on the production of artificial scarcity. The third section details how the
database underlying Bitcoin in effect produces the first kind of digital scarcity and demonstrates
ways that this has been subsequently applied to cryptographically secure and authenticate physical
and intangible assets of all kinds. This section first focuses on the foundations of cryptographic
protocols in the management of digital supply and specifically in combating what is known as the
‘double spend problem’. It then explores how blockchain technologies have been used to develop
new forms of smart property and smart contracts, one application of which has been for the sale and
remuneration of digital images. The fourth section compares and contrasts two well-known
companies, Monegraph and Ascribe, to exemplify the primary approaches to creating limited
editions of digital art. The fifth section analyses whether the use of blockchain technologies to
create ‘original’ works of digital art is being proposed and used as a tool for implementing stronger
digital rights management around digital images and concludes that, while creating and enforcing
stronger intellectual property rights is a proposed application of the blockchain, the broader
intention does not appear to be to reduce the circulation and reproduction of the work, but instead
to create titles and derivatives from its use and circulation. Indeed, some of the most successful
examples of blockchain and digital art are collectibles that blur the boundaries between speculative
art and speculative asset. The fifth section then explores the implications of this transformation and
asks whether this trend suggests a broader transformation to the economy of digital cultural goods,
especially in relation to key categories such as the commodity, asset, property rights and the
function of scarcity in the cultural economy.

Some economics of digital goods: Artificial scarcity

With an economy of ‘rival goods’ such as houses, cars or food, the consumption of that good
inhibits consumption by others (I can’t have my cake and eat it too). Rival goods are ‘scarce’. As
Benkler (2006: 36) explains, with a rival good, resources have to be diverted from some other
endeavour to satisfy a desire for devil’s food cake. Where such goods are in demand, they are
typically consolidated in property relations and thought to be best provisioned by a pricing sys-
tem.4 Information, knowledge and cultural5 goods, however, are by nature ‘non-rival’, meaning
that one person’s use, enjoyment or consumption does not inhibit another person’s (Benkler, 2006;
Schwartz, 2017). My consumption of an idea, a film or piece of music does not inhibit your
enjoyment of it; while the media used to disseminate and experience these may be rival (media
players, laptops, books, etc.), the content is not. So too, while the initial production costs of cultural
goods – making a film or a record or producing a work of digital art – are relatively high, the costs
of reproducing the good through file formats or downloads are relatively low.

Consequently, techniques have to be employed to make these cultural goods ‘artificially’ scarce
and to challenge their easy reproduction, adding additional costs and barriers to their circulation.6
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Artificial scarcity has always been a central feature of the cultural industries (Garnham, 1987;
Hesmondhalgh, 1996, 2009). Strategies to create artificial scarcity include vertical integration of
an industry to facilitate centralization of control over aspects of production, the development of
copyright (juridical approaches to exclude access), and limiting easy access by regulating the
production of the good or by regulating access to technologies that facilitate reproduction such as
cameras, printing presses, photocopiers, copper plates, and so on (Hesmondhalgh, 2007: 23).

This article focuses on the latter case, exploring the development of limited editions for digital
art and the cryptographic technologies that allow one edition among many to become legitimate or
‘unique’. In art markets, a limited edition is a common market technique where a restricted number
of reproductions of a saleable object are made to preserve the market value of the work, such as
with limited editions of a manuscript or a lithograph. Often these editions are numbered and
marked, that is, 2/20 as the 2nd of an edition of 20 copies. In this article, the term is used broadly to
encompass techniques that control the supply and issuance of a good but also to refer to this act of

designating a particular file or set of files as original or authentic.
Digital technologies are a powerful challenge to artificial scarcity. It should be straightforward

enough to recognize that digital goods are neither rival nor divisible. As the National Research
Council argues, ‘[d]igital copies are also perfect replicas, each a seed for further perfect copies’
(2000: 4). Where every act of digital circulation is also an act of reproduction, my enjoyment of a
GIF or an MP3 file does little to inhibit someone else’s. In fact, we can go so far as to say that
digital goods are to some extent ‘anti-rival’, as their economic and cultural value often increases in
accordance with their widespread distribution and circulation (Quah, 2002; Rayna, 2008). Indeed,
digital business models are frequently based around such circulatory ‘network effects’ (Jetha et al.,
2017; Kelly, 1999; Schwartz, 2017).

In response, there have been various attempts to mitigate the free reproduction of digital
artefacts. Building here on legal scholar Lawrence Lessig’s quadrants of governance (2009), these
attempts can be described as normative, judicial, technical and economic. One strategy is nor-
mative and cultural industries and federations have worked to create a morality of digital repro-
duction and distribution in line with the notion of piracy or theft through education and outreach
(IPO, 2016). Another strategy is judicial in nature and involves industries lobbying governments to
make copyright law and practice more extensive. However, for technical reasons, it is often dif-
ficult (or prohibitively expensive) to identify copyright infringement in the digital realm or to seek
recourse against individual infringers (Brown, 2015). Yet, another strategy involves developing
technologies to prevent the easy reproduction of digital files, a technique known as digital rights
management (DRM) (Bechtold, 2003).7

DRM includes the development of region specific codecs, embedded watermarks, security
codes and algorithmic copy protection. Algorithmic copy protection involves the use of scripts
appended to digital codecs that prevent the copying or distribution of content or that prescribe
specific terms of use and engagement with the digital file (Van Tassel, 2016). One example is the
use of so-called ‘rootkits’, auto-executable programmes that perform actions as though they are a
system administrator (or ‘root’) user. In 2005, Sony Corporation introduced a rootkit on their
music CDs that prevented the installation of copying software on the host computer and also
prevented any such software from accessing the CD (FSFE, 2017). The software was automatically
installed and could not be easily uninstalled. Another DRM approach occurs where content
licensed to a user is hosted on proprietary servers and rented out to users on hardware devices that
are controlled by a media company. A famous example of this can be found in early issues with
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Amazon’s Kindle, where books found to be in breach of copyright were automatically removed
from users’ devices without their knowledge or their consent (Brown, 2015).

Alternatively, culture industries have looked to change the accepted business models and
produce a new cultural and economic space for digital goods. Digitization has also produced an
ontological shift in the cultural economy. Emphasis has shifted away from culture as ‘object’
towards the commodification of experiences, with focus on live events or on streaming services as
opposed to record sales (Bakhshi et al., 2013; Sinclair and Tinson, 2017). Business models such as
crowdfunding and pay-what-you-want emerge and capitalize on the value of an artist’s network
effects, transforming visibility, fan-base and free circulation rather than concrete sales into pos-
sible streams of revenue (Jetha et al., 2017; Kelly, 1999; Schwartz, 2017).

In digital art, the economic response is often to create new forms of limitation or scarcity.
Artists attempt to make the artwork somehow more physical or scarce or to reproduce some of the
‘auratic’8 (Benjamin, 1936) elements of the gallery space and the limited edition in a digital
context. Other examples include Daata Editions,9 which produces limited editions of art works, or
Framed,10 a proposal for ‘framing’ digital works of art in physical spaces. Recently, a controversial
exhibition by artist Richard Prince (2015) scraped photographs from public Instagram profiles,
framed and sold these in a gallery space as an example of the readymade.11 More tongue in cheek
proposals include Christian Jankowski’s Telemarketing piece Kunstmarkt TV12 or Aram Bartholl’s
Speed Shows,13 where Internet café spaces are rented out and transformed into temporary exhi-
bition spaces for digital art.

If these pieces try and fit the conventions of the digital work to a bricks and mortar space, others
apply the framework of the gallery or exhibition to an application or a website. Take, for example,
Liquid Gallery, which describes itself as an online gallery whose exhibition space ‘challenges the
limitations of real estate, air and subsurface rights’ and which focuses on collaborations with
emerging digital artists ‘interested in exploring the possibilities of exhibiting their work in a post-
physical context’.14

Works such as Richard Prince’s also point to the ways in which the designation of the object as
‘art’ by an expert such as a practicing artist, curator or gallerist, also make things scarce in the age
of digital abundance. The performative designation of ‘art’ itself is a strategy to reify and rarefy the
cultural good. Here, the readymade, from Duchamp’s mass-produced urinal or the exploits of Jeff
Koons and Damien Hirst, through to Prince’s appropriated Instagram photographs, are strategies
that draw the everyday mass-produced object into the realm of the auratic, the priceless and the
unique. The act of witness, designation or signature fixes the mass-produced object as a special
kind of cultural good or collectible among many materially identical but inauthentic copies.15,16,17

Bitcoin, blockchains and smart property

A recent proposal has been to use the blockchain, the underlying ledger that supports Bitcoin
transactions, to record the ownership of digital works of art. The blockchain, as a tool that allows
digital rights to be transferrable but not infinitely replicable, appears to some as a technology that
might reinstitute scarcity to the digital cultural good.

A blockchain is a shared, programmable and cryptographically secured ledger. It allows data to
be stored in a fashion that is transparent (the record is public), decentralized (the contents are
shared and collectively verified by all participants/nodes) and immutable (because of the under-
lying cryptographic protocols it is next to impossible to double spend or censor new transactions in
the ledger without controlling more than 50% of the network nodes). As such, it removes the need
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for trusted third parties from systems that previously required mediation. Bitcoin is generally
discussed as a decentralized digital currency that allows users to transact without the aid of a
central intermediary such as a bank. However, the applications of the underlying cryptography go
far beyond the monetary to include all kinds of transactions and contracts. One specific focus has
been the use of the blockchain to secure the ownership rights of digital and physical assets and to
allow for their transfer and exchange through autonomous self-executing or ‘smart’ contracts.

To understand the mechanics of these ownership rights, it is necessary to look at the origins and
some of the technical details of the cryptocurrency Bitcoin and its underlying database or
blockchain. Three aspects are significant here. The first aspect is the Bitcoin blockchain’s role in
solving an electronic payments issue known as the ‘double spend’ problem. The second aspect is
how this solution to prevent the unauthorized duplication of digital tokens is applied to create
tokens that represent other kinds of digital and even physical property. The third aspect is the
development of smart contracts on the blockchain that allow for the automatic transfer of rights in
relation to digital goods.

The technical design of Bitcoin, by creating a truly digital currency, also produces the first form
of digital scarcity using cryptographic proof. With any form of monetary token comes the need to
control supply and issuance. Money has to be, if not exactly scarce, then produced under specific
conditions to be worth anything. With hard currencies or commodity money, supply is linked to a
scarce and valuable good such as a precious metal (as was the case with the gold standard before
1971). With fiat currencies or credit money, this scarcity is artificially managed through the
interstices of some central intermediary such as the Federal Reserve in the United States or the
Central Bank in the European Union. When publicly mandated moneys, such as euros or dollars are
transferred from bank account to bank account in electronic payments, values are updated in an
electronic ledger that is managed by a central intermediary. A ‘born digital’ currency, however (as
opposed to digital payments that represent transactions in a physical currency), has to solve what is
known as the ‘double spend’ problem. It is difficult to copy (i.e. counterfeit) physical money
(either because it is tied to a precious metal or because government issued notes are designed to be
difficult to reproduce). It is also impossible to pass a physical token to somebody during a
transaction and somehow also keep the token for ourselves. Once we spend a note it is gone and
this scarcity is a built-in function of the material bearer-instrument. The same is not true for digital
tokens. Where every act of circulation is also an act of reproduction, the potential for double
spending with digital money (i.e. duplicating a token and spending it twice) is a big concern. How
do I know that somebody who has paid me with a virtual €5 has not also kept a copy for herself,
rendering my token worthless? How can I be sure that ownership of the token has, in fact,
transferred to me?

Bitcoin solves this double spend problem with cryptographic proof. It uses a distributed ledger
called the blockchain to keep track of and verify all transactions so that tokens cannot be spent or
transferred twice and so that all transactions are verified before they are added to the ledger. What
interests us here is that, in doing so, the blockchain produces a networked infrastructure that
prevents something digital from being reproduced as it is circulated. For the first time, it produces a
form of artificial scarcity in the digital realm.

Indeed, before the monetary applications of Bitcoin were developed, the underlying ‘proof of
work protocol’ now used in the Bitcoin mining algorithm was initially tendered as an ‘access
control mechanism’ (Dwork and Naor, 1992) for the digital sphere to deter direct denial or service
(DDoS) attacks and email spam (Back, 2002 [1997]: Dwork and Naor, 1992). The use of proof of
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work as a process for value creation would come later with Wei Dai’s proposal for b-money (1998)
and Nick Szabo’s bit gold (1998).

The hash algorithm used by Bitcoin is called SHA-256, which produces a digest of 256 bits for
any size input. The cryptographic algorithm used in Bitcoin owes a lot to Adam Back’s Hashcash
(Back, 2002). Back initially proposed this as a mechanism for deterring email spam. Hashcash
innovates on two key areas of public key cryptography, the irrevocable or immutable nature of
hash digests and the computational difficulty of finding a hash collision. A hash function maps
input data of an arbitrary size to output data (a digest) of a fixed size. The input and the output are
linked; the same input will always produce the same output, but even the tiniest change to the input
data will produce an entirely different output. As a result, a hash digest can be used to ensure that
the input message has not been tampered with or transformed in any way. In this way, the hash is
irrevocable or ‘non-repudiative’ to use the computer science term. Due to the fact that it is
impossible to predict the output digest of a hash function based on its input but easy to verify that
the resulting output corresponds to the input,18 a mechanism can be designed to require an arbitrary
degree of difficulty or computational work in computing a hash. An arbitrary level of difficulty is
specified by setting a number of zeros that the digest has to start with.

Instead of the normal judicial or pricing mechanisms for governing supply, Back proposes the
use of the Hashcash proof of work to place a nominal computational cost on sending email (2002).
Sending an email would require a user to find a hash digest with a specified output. The only way
of doing so is to compute the hash of the input value repeatedly until the result meets this degree of
difficulty. This would add a small amount of extra computational effort to send one email, a degree
of effort that would be negligible in the everyday business of firing off an email, but which would
make it nearly impossible to send millions of emails or ‘spam’ users. Because the outputted hash
digest can be easily verified, the receiver does not need to repeat the process to verify that the
sender expended this amount of work. Hence, ‘proof of work’. Any email that did not contain
evidence of a proof of work would be marked as spam.

Others proposed proof of work as a mechanism to underpin the production of a digital currency
(Dai, 1998; Finney, 2004; Szabo, 1998). Wei Dai imagines a mechanism whereby using proof of
work ‘[a]nyone can create money by broadcasting the solution to a previously unsolved compu-
tational problem’ (Dai, 1998: n.p.), while Nick Szabo suggested using the computational cost of
informational bits as the foundation for a currency (1998). Where both of these proposals were
conceptual, a more technically grounded version in the form of reusable proof of work by Hal
Finley (2004) suggested using proof of work to produce a digital token and tackled the double
sending problem by keeping their ownership registered on a trusted server.

The Bitcoin blockchain uses the Hashcash proof of work to prevent double spending (fraud)
through a distributed time-stamping service that keeps track of coins and transactions occurring in
the Bitcoin network. Transactions involve the transfer of signed tokens from one public key
(address) in the network to another. These are signed by the spenders with a private key (like a
password). Other members of the Bitcoin network perform a proof of work calculation to verify
that the transactions taking place within the Bitcoin network are valid. Every transaction is subject
to a verification process. While the Bitcoin software installed on the computers of every member of
the community aim to monitor all transactions, members can also agree to contribute some CPU
required for this verification process. The first user to successfully compute the hash digest signs
and verifies the transaction and is rewarded with Bitcoin. Thus, it is through contributing to the
authentication of transactions through the proof of work consensus mechanism (a process called
mining) that monetary creation and security is enacted in Bitcoin (Nakamoto, 2008). As such, the
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verification process is not controlled by any one entity or intermediary but is achieved in a dis-
tributed fashion. Each transaction between users is collected into a single block that is further
integrated into a chain of such transactions (the blockchain). To guarantee the authenticity of this
information, only blocks that are authenticated using proof of work can be added to the blockchain.
The verification processes ensures the validity of the ledger data and prevents double spending of
coins (Nakamoto, 2008).

Instead of a hash encoding a Bitcoin transaction, it might record other kinds of data such as the
ownership and provenance of assets like land, precious metals, physical art works or digital goods
such as music or images. Here, the proof of work underscores information about the ownership or
authenticity of a good. For example, one company, Everledger are using the blockchain to
underscore the authenticity and provenance of precious stones. With Everledger, this involves
storing a distinguishing fingerprint for a particular stone on a blockchain.19 With digital art, a
proprietor such as the artist or dealer could use a cryptographic hash function to authenticate a
work and sign this with their private key. This hash could be used to inscribe ownership and
attribution details with respect to the artefact, producing an unbreakable record of authenticity.
Using a consensus mechanism such as proof of work,20 property rights associated with a digital
good such as a work of art may be encoded in the blockchain and may not be overwritten or
falsified. These rights can be transferred in their entirety in the same way that Bitcoin tokens are
transferred from one address to another, by transferring cryptocurrency from an owner to a reci-
pient address (McConaghy and Holtzman, 2016; McCoy et al., 2016a, 2016b, 2016c, 2016d,
2016e, 2016f, 2016g). This prevents ‘double spending’ or duplication of the provenance rights of
digital content (McCoy et al., 2016b: 4). Alternatively, rights can be transferred by transferring
access to the account itself, or by using the online service’s transfer protocol, which may also
update the public ID associated with the owner of the artwork (Ascribe, 2016). Older accounts
experimented with asset tokenization by making fractions of Bitcoin tokens non-fungible, a pro-
cess known as colored coins.21

Ownership attribution details and associated rights can also be encoded in a ‘smart contract’ on
the blockchain.22 This is a self-executing contract operating on the blockchain and automating
conditions such as transactions and the transference of assets. In essence, bitcoin transactions are a
kind of simplified smart contract and more recent platforms such as Ethereum have expanded the
scripting capacities to allow for more complex and nuanced contracts. Nick Szabo, who first
proposed the idea in the 1990s, described the then hypothetical smart contract as a kind of ‘digital
vending machine’ (1994). Smart contracts can be used to record the ownership rights of digital (or
indeed physical) goods and to facilitate their transfer between different owners, their rental and the
remuneration of different actors involved in their production (McCoy et al., 2016a, 2016b, 2016c,
2016d, 2016e, 2016f, 2016g).23 Any modification to the work results in the creation of a new
ledger entry evidencing that fact. Smart contracts may allow for sophisticated actions such as
rentals, micropayments and payments to multiple parties. These actions are authenticated using a
consensus mechanism such as proof of work.24 The smart contract also recalls Ian Grigg’s
Ricardian Contract, a method to legally register a digitized document to a certain object and value.
All legal clauses are executed through software. The contract is a legal agreement and executable
code. The contract is secured with cryptographic keys.

In summary, a blockchain allows a digital artwork to be represented by a cryptographic token
and for ownership rights and privileges to be transferred in much the same way that cryptographic
coins are currently transferred from one address to another. McConaghy and Holtzman (2015)
describe a step-by-step process where the artist creates a new work and then she or her agent

8 Convergence: The International Journal of Research into New Media Technologies XX(X)



creates a new Bitcoin address, which is both the genesis address and a unique (public) identifier for
the artwork. They also create a private key (passcode), which is associated with this. For now, the
artist or his or her agent is in possession of the passcode associated with the work. If the artwork is a
physical object, they make some physical connection between the artwork and the public identifier
by inscribing it in the form of a signature, a QR code or a watermark. If the work is sold or
transferred, the new hash becomes the public identifier of the work. The transfer of ownership from
address to address can then be monitored and verified by consulting the blockchain.25 So long as
the Bitcoin blockchain continues to function, the works in question are ascribed. Loss of the private
key associated with the work constitutes a loss of the ownership rights associated with it on the
blockchain.

Limited editions

Arguably, the possibility to assign notions of originality to a particular file and append conditions
of use and transfer introduces the possibility for models based on artificial scarcity that were
previously difficult to enact in a digital realm. The business models proposed by cultural industries
using the blockchain can be broken into three broad categories. The first concerns the development
of greater efficiencies with existing payment models such as streaming and royalties and the
development of new payment, funding and revenue models based around venture capital,
crowdfunding, more inclusive revenues, tips and micropayments. By cutting out intermediaries,
the blockchain facilitates all kinds of new peer-to-peer payments models. These include new
approaches to raising venture capital, such as crowd funding (Dietz et al., 2014, De Filippi, 2015);
new schemes such as pay what you want or micropayments, rental and streaming models (McCoy
et al., 2016a), second-hand markets in digital goods and inclusive revenues that attempt to fairly
remunerate all participants in the production of a cultural good.

The second model concerns data monetization, where value is extracted not from payments for
digital goods but from the monetization of extra data that can be accrued from blockchain data
(McConaghy and McConaghy, 2016). This focuses not on revenue from sales but instead on
analysing and monetizing data associated with blockchain-based transactions. Here, the focus
shifts from the sale of digital artefacts towards the monetization of data with respect to how fans or
collectors engage with and use the media content, how files circulate, what else users purchase, and
so on. Being able to track user behaviours is a powerful monetary stream. So too, having data
analytics about streaming and sharing of an artist’s works over the Internet can offer indications
about the overall worth of the artist outside of traditional monetary channels (Tapscott and
Tapscott, 2017). Here, data about the circulation of work and its overall popularity, likes, and
shares becomes a proxy for value. With data analytics, the value accrues not from the exercise of
rights restricting access to the good but from its circulation as information.

The third business model concerns the use of the blockchain to create markets in limited edi-
tions or designate an original, either with or without forms of machine learning, to track and
highlight copyright infringement. These models, which are separated for clarity here, are imbri-
cated: new payments systems come into play in the sale and transfer of limited editions and data
analytics about an artists’ circulation and influence may be used to shore up the value of a limited
edition of their work. This article focuses on this third category and explores the use of the
blockchain as a technique to create artificial scarcity or ‘limited editions’.26

As previously discussed, a significant amount of information about a good can be encoded in a
cryptographic hash and this allows their provenance and ownership to be recorded on the
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blockchain. Except in some rare cases,27 the artwork itself is not stored on the blockchain; what is
stored is a ‘composite of the digital artwork and the artist’s identity’ (Weusecoins, 2018).28 With
physical art, this may aid in future sales or disputes about provenance (Maecenas, 2017). With
digital art, the blockchain ledger provides a mechanism for ascribing the notions of originality, of
authenticity or scarcity to an otherwise reproducible work. Ledger entries represent rights transfers
of the artwork between providers and recipients (McCoy et al., 2016b).

Monegraph, short for ‘Monetized Graphics’, a company founded and developed by Kevin
McCoy in association with Rhizome, were among the first to employ this approach. Monegraph, in
the words of one reporter, ‘uses cryptography to bring meatspace scarcity to online art’ (Constine,
2014). Its company information describes it as a platform to validating, owning, and trading digital
media assets.29 While initially developed as a partly critical provocation into the political economy
of digital art, Monegraph has come to act as a well-articulated business model for the licensing of
all kinds of digital images, from art to stock photography that might be sold to art collectors or
licensed to media outlets.30

Monegraph creates a user-friendly interface for specifying use rights on the blockchain,
allowing artists and photographers to license their content for commercial and editorial use. By
uploading their images to the platform and selecting from a series of simple icons, the user digitally
signs their work with their public key and creates a smart contract with the conditions of use and
transfer they wish to associate with the image file. For example, in a manner similar to creative
commons, a user can choose to reserve all rights, to request some form of attribution, to specify
whether the work can be used commercially or even to free the work globally from all restrictions.
A popular designation, ‘Snapshot’, allows that a work can be used for commercial and non-
commercial purposes but not for remix or resale. However, as Zeilinger (2017) argues, Mone-
graph’s approach to ‘restriction’ favours commercial rather than non-commercial applications of
the work. In the Monegraph platform, ‘restrictive’ does not pertain to a restriction on rights of use
or access of the good, as is the normal convention for the creative commons license, but instead, a
restriction on the possibilities for commercial exploitation by making an artwork available for non-
commercial use and enjoyment only.

The Monegraph mission statement details a number of potential business models:

Our goal is to improve the ecosystem for content producers of all kinds by helping creators and

publishers directly realize the value of the media they make. There are many ways that can happen:

advertizing and sponsorship, licensing, sales and subscriptions, or direct support from fans and col-

lectors. Monegraph unites these different approaches all in the service of compensating and supporting

today’s creative community . . . . (2017)

Significantly, while Monegraph creates a system for authenticating a particular file as the
original that can be licensed for use or sale, the system makes no attempt to curtail the circulation
of digital art objects by attempting to control the ability to copy or reproduce these (McCoy et al.,
2016a, 2016b, 2016c, 2016d, 2016e, 2016f, 2016g). Instead, the systems provide blockchain-based
attribution and authentication to creators of media and other digital content. The approach is to
make it possible to authenticate a particular copy of a digital file and to designate clear ownership
and usage rights in association with it. Founder Kevin McCoy speaks about the value propositions
as less a question of enforcing property rights and more a question of ‘developing complex eco-
systems of support’ through the blockchain system (2018).31

Monegraph’s system also allows for nuanced smart contracts involving the leasing, rental, and
cloning or duplicating of existing rights (McCoy et al., 2016a). Monegraph has placed a graphical

10 Convergence: The International Journal of Research into New Media Technologies XX(X)



user interface between the details of the smart contract and byte code (2016c: 13). The website
provides details of the works and the public keys of works as well as their economic restrictions. This
also details the economic activity associated with the work such as how many editions have been
sold. Clicking on the public key brings the buyer to a webpage detailing the smart contract included
with fields for the license and contract type, the name of the work, the public key of the artist and title
addresses for editions.32 There are currently upwards of 65,000 artworks listed on the Monegraph
platform and these are searchable by searching the bitcoin address associated with the platform.

A recent Monegraph patent (2016g) describes the use of an ‘authentication module’ (2016g: 1)
for digital content, using multiple processes. This would draw on available information to produce
a ‘trust value’, described by one proponent as a ‘FICO score for data’ (Umezaki K, 2018, personal
communication)33 and a threshold over which a digital content item can be said to be authentic
(2016g: 1). Monegraph Inc. has also developed several patents (McCoy et al., 2016a, 2016e, 2016f)
that detail the ways in which the system might function in conjunction with social media platforms,
acting as an intermediary for licensing images published to popular sites such as Facebook,
Instagram, Flickr and Tumblr, ‘accessing profiles and generating bitcoin addresses for content
items’ and managing the ‘tracking of content within the social network system’ (2016e: 14).

Another company that specializes in the monetization of digital artefacts is Ascribe, whose
patents and whitepaper describe the development of ‘an ownership layer for the Internet’ using
blockchain technologies (Ascribe, 2016; McConaghy and Mcconaghy, 2016; McConaghy and
Holtzman, 2015). This approach combines the registration of authentic files with machine learning
and data analytics to register ‘original’ or ‘authentic’ files but also to track reproduction, identify
copyright infringement, and seek retribution on behalf of the copyright holder. Ascribe’s proposed
business model in this patent comes from extracting a fee for providing these services to the artist.

Speaking at Moneylab in Amsterdam, Ascribe founder and CEO Bruce Pon described the
business model in three parts:

Ascribe is based on three different components: first a registry, second a way to secure legalities, and

third a visibility tool. These work in providing a traceable history of the artworks for both the artist to

follow their works’ journey, and for buyers to understand where the works come from. (Pon, 2016)

The company’s whitepaper further elaborates the ways in which this ownership layer is con-
stituted. Ascribe consists first of all of a global registry coupled with straightforward contracts that
set out the kinds of rights and licenses associated with the digital artefact in a way that is clear for
owners and for users looking to collect, use, or transfer the goods. Here, the blockchain is used to
‘securely record ownership transactions that are impossible to later repudiate or manipulate’
(McConaghy and Holtzman, 2015). Ascribe uses the distributed blockchain database and a unique
cryptographic hash to associate details of ownership and authorship with a particular file.

Ascribe builds on Ted Nelson’s Xanadu design proposal for linking digital media objects as a
tracing method and record for ownership (1990). Ascribe view the potential of the blockchain as a
technology that allows them to overlay a new layer of ownership meta-data onto the existing
network infrastructure. As their patent claims, the result is a repository of bi-directional links
without having to change or update web protocols or ask website owners to modify the way they
host content (McConaghy and McConaghy, 2016).

Ascribe’s patent proposed the use of Internet-wide searches, searching the web for copies of the
recorded digital works (images, 3D designs, etc.) and using machine learning to identify similar
works, copies or works that infringe on those recorded in the global registry and reporting their
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existence and location to registered owners. In this way, Ascribe goes further than Monegraph in
that it describes methods to not only authenticate digital artefacts but methods for identifying and
acting on copyright infringement. Ascribe has developed Whereonthenet, a website that traces the
circulation of digital images across the Internet. The site’s FAQ states that Ascribe will ‘ensure that
no matter where your work spreads, it can always be attributed back to you and collectors can
check whether the rights to the work are clear’ (Ascribe, 2016). As such, this system also provides
a visibility tool for the circulation of works throughout a digital eco-system.

Monegraph and Ascribe hover somewhere between a proof of concept or test bed for a
blockchain business and a workable interface. This limits how much we, as researchers, can
actually extrapolate from it. Both platforms have struggled with adoption, emerging at a time
(2015) when blockchain’s applications outside of the bitcoin community was not well understood
or articulated. In 2017, when demand has risen for these services, two artists observed that they
have moved to developing their own smart contracts on Ethereum now that the interfaces for
developing smart contracts were more user-friendly. Interviews with the core development teams
suggest that, in many ways, the platforms are test beds for the viability of asset tokenization on the
blockchain, a process that could be applied to future data markets or culture industry models rather
than specifically wedded to the idea of digital art sales. As McConaghy described it, Ascribe was
partly an attempt to ‘build the rails’ for future asset systems (2018).34 Developers from the two
projects are currently engaged with social media experiments, with the development of the .bc file
extension.

Participants in Monegraph and Ascribe tend to be ‘early adopters’: artists with a vested interest
in cryptocurrencies or the blockchain platform. Engagement with the platforms largely falls into
two camps, independent creators looking for new ways to monetize their content and artists who
are passionate about blockchain. The latter forms the majority of registered users on the Mone-
graph platform.35 Artists saw the project in part as a way of hedging against the next platform, but
also the next cool thing. Many of the artists interviewed took a speculative approach, where
producing a hash of a work became a performative gesture, artistically and financially. Here, the
registration of the work was a blend of business and philosophical discourse where technological
artists hedged against the next cool thing, but also expressed a fascination with the new ‘meta-
physical’ or ‘ontological’ properties of producing scarcity for a digital file. Often the technics of
the platform were a reflexive subject of the piece as much as they signified the possibility of
recognition and/or economic returns.

Gallerists and curators are also acting on behalf of their artists, looking for new avenues to
monetize content but also attracted to the publicity potential of the blockchain platform for their
galleries and artists. This relationship between the gallery and the blockchain platform went both
ways. If galleries gained publicity from the use of blockchain platforms, several artists mentioned
the role of their gallery as a legitimating factor in the sale of blockchain works; pieces gained a
sense of security from the legacy gallery space, making blockchain purchases more attractive to
risk averse buyers who are nevertheless looking to invest in blockchain-based art.

Analysis

The fourth section explored two related business models developed by companies utilizing the
Blockchain to monetize digital art and images. Both use cryptographic hash functions to
authenticate digital artworks. Both create platforms to manage licensing and permissions through
smart contracts on the blockchain. Monegraph creates hashes of artworks as a way to trace
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provenance and ownership and patent the development of a trust threshold value to authenticate
new works. Ascribe has gone further and describes the development of a system that uses machine
learning to identify copyright infringement and introduces blockchain-based registries of work run
alongside smart contracts.

The latter proposal is often couched as the beginning of a new approach to DRM instituted
through blockchain technologies or other aspects of distributed ledger systems. Certainly,
Ascribe’s proposal for ‘an ownership layer for the Internet’ seems to embody this sentiment,
proposing a model that makes use of not only a platform for the development of self-executing
contracts but also the use of algorithmic tools and machine learning for identifying copyright
infringement, and even exploring a bi-directional link structure that automatically vetoes unau-
thorized reproduction.36 Similar projects include Custos Media Technologies, a startup that has
deployed the Bitcoin blockchain to track media piracy by incentivizing the file-sharing community
to report copyright violations and pirated content. Binded (formerly Blockcai) are also working to
create ‘unique fingerprints for all copyrighted works and store them on the blockchain’ and
coupling this to systems to scan the web for possible copyright infringement, with the ambition that
the system would eventually work for the entire Internet.37 The startup Dot Blockchain Media, of
which Monegraph’s Christopher Tse is a developer, are developing a technique that allows artists
to encode identity and rights directly into a digital file using the blockchain and a proprietary .bc
file extension.38 These are companies looking to develop what are sometimes characterized as
‘top-down’ approaches to the problems of digital reproduction, working to develop compliance
with existing legal institutions and creative and cultural industries for the adoption of a blockchain-
based standard of ownership and copyright enforcement.

While Ascribe focuses on the use of registries and machine learning to institute stronger
intellectual property rights, the blockchain alone is not yet an effective tool for DRM. Although the
ledger technology can authenticate particular digital files and designate an original within that
system, until it forms the foundation of a data repository or total registry of artistic works, no
underlying infrastructure exists to prevent the reproduction of digital artefacts outside of the
system on the broader Internet. This model of blockchain as a new technology to enforce property
rights by preventing the reproduction and circulation of unauthorized copies would require not
only the creation of hashes for digital artefacts but also a blockchain repository that encompasses a
body of work (the catalogue of a record label or more ambitiously an eventual Internet-wide
repository). In turn, this repository would be coupled to hardware that only access content that
is owned or licensed for use. While this is theoretically possible, it presumes a radical reorgani-
zation of content on the Internet and compliance from existing industry actors to be developed. It is
unlikely that even the most extreme measures would prevent content from circulating outside the
remit of the blockchain infrastructure. Ultimately, the system falls back on existing systems for
identifying infringement such as machine learning and existing forms of recourse, such as the
judicial system. While the concept of ‘smart property’ or smart locks in tandem with blockchains
might be used to secure the engine of a car or the door to an Airbnb rental, there are still too many
ways in which to reproduce and circulate digital content off the chain. So too, using blockchain
ownership to enforce property rights involves engagement with existing cultural and legal insti-
tutions to adopt blockchain as an official record of ownership outside the purview of the smart
contract.

This article argues that while DRM is an unavoidable adjunct to discussions of titles and
ownership rights for digital goods, this is not the significant focus for parties looking to monetize
digital art on the blockchain. Arguably, stronger DRM is something of a red herring in discussions
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of blockchain for digital goods. Encoding ownership details in a cryptographic hash and recording
their circulation might be less a question of stronger forms of exclusion than about opening up new
channels for profit from the networked circulation of the work. In other words, what is at stake is
not an attempt to prevent unauthorized circulation so much as the ability to designate one of the
many circulating cyphers as ‘the original’ and trace its circulation. This is a subtle but key dis-
tinction that points to significant transformations in the political economy of cultural goods.

First, instead of an economy of cultural goods based on the value of the good as a scarce
commodity, artistic goods are increasingly being modelled for their value as financial assets and
derivatives (Deloitte and ArtTactic, 2017; Picinati Di Torcello, 2012). While a good is an object or
a service that can be sold or traded in a marketplace, an asset is a resource controlled as the result of
past events and from which future gains are expected to accrue. What is significant to the asset is
the ownership right, and while this has economic value and future value, it is not a good or a
service that can be availed of.

Arguably, a reduction to the monetary value of commodity production, especially in relation to
cultural and digital cultural goods, leads to business models that are based less on commodity
production and more on the conversion of strategic market positions and previously illiquid
commodities into liquid capital. As Taylor (2011) states:

When the art of finance becomes the finance of art, art is no longer merely a commodity to be bought

and sold, but becomes the currency of exchange fabricated for hedge funds and private equity funds,

where it is traded like any other financial asset. (Abstract).

While speculating in art is not new and artworks have previously acted as collateral for loans
and as illiquid assets, today there is a push to make the liquid capital encapsulated in the artwork
more readily available and to make new financial instruments and offerings such as art-backed
loans available for investors (Deloitte and ArtTactic, 2017).

The rise of blockchain for art is part of a broader shift towards the financialization of digital art
(Lotti, 2016; O’Dwyer, 2015, 2017; Zeilinger, 2017), not least because all involved are engaged in
their own speculations on the future value propositions of art. As Zeilinger (2017) and Lotti (2016)
have both argued, blockchain business models for digital art pose ontological issues about the
status of the original artwork with respect to reproduction. But they also highlight significant
transformations to intellectual property rights, to the function of scarcity in cultural economies and
the increased blurring of capital, asset and cultural goods.

Recent innovations in blockchain art highlight this shift very clearly. The 2017 Exhibition
‘R.A.R.E AF’ troubled the distinction between art and asset when it explored ‘how to take
memes and other infinitely copyable stuff on the Internet’ and turn them into ‘rare, tradable
blockchain assets’ (Penny, 2018). The exhibition featured ‘cryptokitties’ and ‘cryptopunks’,
digital collectibles whose proof of ownership is recorded on the Ethereum blockchain, some of
which traded for thousands of dollars apiece. Distinctions between art, currency and asset col-
lapse in the wild speculative bubbles of the crypto-meme marketplace, where digital artworks
function in much the same way as Initial Coin Offerings. Alongside Ethereum cryptokitties, The
Distributed Gallery, a gallery specializing in works of art developed on the blockchain, show-
cased and opened bidding on a rare cryptographic work entitled ‘Ready Made Token by Richard
Prince’.39 The work in question consists of a standard ERC20 token issued on the Ethereum
blockchain; however, only one such unit would ever be issued. In a nod to the economics of the
Readymade, it later transpired that the creator, Olivier Sarrouy, had appropriated the name of the
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controversial Instagram artist. Here, the cryptographic signature becomes the performative
gesture that turns a work into an art asset.

Second, this shift from commodity to financial asset highlights a new operation of intellectual
property rights. The blockchain suggests a shift of emphasis in understandings of property. His-
torically, cultural industry models have been based on an artificial scarcity model that emphasizes
the right to exclude others from accessing a commodity. This model is historically contingent and
heavily associated with the operation of bourgeois private property (Moulier Boutang, 2012). The
rise of interest in blockchain and distributed ledger technologies and their attendant FinTech
fantasies might be framed as part of a shift from rights that emphasize exclusion towards those
associated with alienation or the right to profit from the title to a good.

Third, this arguably suggests a new operation of scarcity with respect to cultural goods. Zeilinger
has argued that Monegraph represents a greater commodification of the work of art as it forms part of
a business model concerned with the production of artificial scarcity in the digital realm. This is
framed in terms of a work that may be ‘scarce yet not unique’ (p. 16). In this article, I argue the
inverse - that what is significant now is the ability to frame the work as unique and distinguish it from
others by virtue of a cryptographic hash, but in a way that does not attempt to limit the reproduction
or circulation of the work. If previous cultural industries were based on artificial scarcity and limiting
the circulation of commodities such as artworks, today the circulation of unauthorized copies is not in
conflict with the business model of art on the blockchain. Scarcity functions differently. Previously,
scarcity was diametrically opposed to the free circulation of the good. In the current model, scarcity
is not a threat to the value of the good as an asset. In fact, the free circulation of unauthorized copies
of the good can actively contribute to its financial and investment value or ‘network effects’, making
it more rather than less valuable. Take, for example, Ways of Something by Canadian digital artist
Lorna Mills (2015, personal communication). High-resolution images from this work have subse-
quently been sold and licensed on Ascribe by gallerist Kelani Nicole. Other unauthorized images and
copies of the video are still allowed to circulate freely. Mckenzie Wark articulates something similar
in My Collectible Ass (2017, para. 3), arguing

[p]aradoxically, an object whose image is very widely spread is a rare object, in the sense that few

objects have their images spread widely. This can be exploited to create value in art objects that are not

in the traditional sense rare and singular. The future of collecting may be less in owning the thing that

nobody else has, and more in owning the thing that everybody else has.

For commodity sales, in other words, it is important to prohibit the circulation of the work, but
for this financial asset, the circulation of copies actually shores up value. Wark’s observation
shows us that this is not just a transformation in digital art but also in physical works of art and
cultural industries more generally. This is scarcity without exclusion. It is the ownership of an asset
where anyone might use or access the cultural good, but only some can profit from its circulation.

The testimonies of the artists interviewed chimed with this perspective, moving from ‘there’s no
way to stop [copying] so we might as well allow it’ to sentiments that the circulation of files was
good for the artists’ publicity. What was significant was not to curtail the circulation of files, but to
be able to ‘leverage the licensing capabilities’ of the system and ‘establish a new kind of
authenticity’ for the work. As one artist put it

what [piece/edition] was sold with Ascribe was a high res 1920 x 1080 gif file, the lower res files

continued to go anywhere I want them to . . . . LOL but when I had the choice of Bitcoin or USD, I took

the cash.
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Where artificial scarcity is a central feature in a market for cultural goods, this article explored
how blockchain technologies are being instituted to reintroduce notions of scarcity, authenticity
and originality into the freely reproducible digital work of art where concepts of the authentic or
the original had ceased to make sense. Two approaches to the production of digital scarcity were
put forward. One, represented by Monegraph, was an authentication system without any attempt to
control reproduction or intellectual property (IP) infringement The other, exemplified by Ascribe,
is also a method of blockchain authentication, but in this case coupled to machine learning. The
proposal here is not only to designate originals, but also to couple this technology to new forms of
machine learning to identify copyright infringement. The article argued that this DRM approach is
something of a red herring with blockchain technologies. Although it is very early days and
therefore difficult to extrapolate, when coupled to other transformations in art markets and the
cultural industries more broadly that sees art treated more like a financial asset than a commodity,
the use of authentication for blockchain appears to be more about creating authentic titles than
trying to control the spread and circulation of inauthentic copies. It becomes more significant to
make a distinction between authentic and inauthentic, even when questions of authenticity are
delegated to a cryptographic hash, rather than to foreclose access to the cultural good. An observa-
tion of this kind reframes Addie Wagenknecht’s ‘Limited Editions of Unlimited’ as a proponent of
the new cultural economy. Where previously these works were critiques of the cultural economy,
today they are indistinguishable from earnest financial speculation.
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Notes

1. ‘What we often don’t realize is so many markets, if not all, ride on artificial scarcity. “Limited editions,”

“special editions,” and “invite-only” [are] just marketing terms for “we can charge you more for this

because there is less of it”’.

2. These include but are not limited to: Sacks et al. (2016); McConaghy and Holtzman (2015); McConaghy

and Mcconaghy (2016); McCoy et al. (2016a, 2016b, 2016c, 2016d, 2016e, 2016f, 2016g).

3. This includes semi-structured interviews with artists and gallerists who are directly involved in monetiz-

ing their work on platforms including Ascribe, Monegraph and R.A.R.E. as well as artists who have

refused to use the platform. Eight artists using Monegraph and Ascribe were interviewed alongside the

key founders and spokespeople for the Monegraph and Ascribe platforms including the CEOs, key

technologists and patent authors. Interviews were also conducted with other companies experimenting

with asset tokenization on the blockchain including dotblockchain, Maecenas and Digix Global. Two

gallerists working with Ascribe were interviewed.

4. See note 1 above.
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5. UNESCO defines cultural goods as those that convey ideas, symbols, and ways of life: that is, books,

magazines, multimedia products, software, recordings, films, videos, audio-visual programmes, crafts

and fashion. http://uis.unesco.org/node/334971

6. Where natural scarcity in resources is thought to be a product of physical laws and objective limits – the

inbuilt limits of resources such as land, forests, fish stocks or livestock or electromagnetic wavelengths to

be channelled towards different forms of production, ‘artificial’ scarcity is a designation often applied to

goods that are said to be objectively abundant and not subject to physical restrictions. Language and ideas

are often tendered as examples of goods that are not scarce. However, this dichotomy, which functions as

an axiom for a discussion of the economics of tangible and intangible goods, also breaks down under

close scrutiny. Questions of ‘natural’ limits are always subject to particular technical and architectural

constraints and a certain qualitative dimension that is a function of power. So too, the so-called freely

reproducible qualities of cultural and digital goods are subject to material outputs in the forms of energy,

hardware, labour time and much more.

7. Early forms of digital rights management (DRM) systems automatically enforced IP claims by preventing

the copying or downloading of files often through hardware mechanisms on CDs and DVDs. These

techniques have more recently been superseded by the use of algorithms to monitor and control access

and reproduction. Take, For example, the eBook license used by HarperCollins, which caused eBooks

held by lending libraries to erase after they had been accessed a certain number of times by the library or

ITunes DRM that prevents the reproduction and sharing of licensed media files within their system.

8. This term relates to the distinctive quality of a work as it is situated in time and place (Benjamin, 1936).

9. https://daata-editions.com

10. https://frm.fm

11. https://www.theguardian.com/technology/2015/jul/18/instagram-artist-richard-prince-selfies

12. http://www.meyerkainer.com/exhibitions/Christian-Jankowski-ausstellung-2008.php

13. http://fffff.at/speed-show/

14. http://liquidgallery.net/

15. http://liquidgallery.net/

16. http://liquidgallery.net/

17. http://liquidgallery.net/

18. This is called a trapdoor function in cryptography.

19. https://www.everledger.io/

20. Proof of work is the consensus mechanism used for bitcoin, but there are others such as proof of stake,

where distributed consensus is produced by giving actors with more invested in a system a greater role in

the authentication.

21. An earlier innovation by Colu that has fallen out of favour called ‘Colored coins’ developed another

mechanism for the transfer of ownership by making small units of cryptocurrency non-fungible. The

mechanism used fractions of Bitcoin tokens to represent other tangible or intangible assets. In the words

of Coindesk’s Danny Bradbury ‘Colouring’, a Bitcoin means attaching a piece of information to it, which

turns it into a token for something else.

22. Monegraph Inc. describe one methodology: ‘the system 110 creates a bitcoin or other node address to

represent a contract that defines the right assigned to the digital content item, and a node address for every

right to be established and assigned to the digital content item’. These are called ‘created rights’. Once

created, the content management system 110 transfers, for example, LL Satoshi from rightbase to each of

the created rights addresses, along with data attached via an OP RE TURN output (McCoy et al., 2016a: 5).

23. The precise mechanisms of these transfers will be discussed in the ‘Limited Editions’ section but include

smart contract execution environments for regulating usage and payments offers and royalties for use of
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digital content, systems for content, and/or rights exchange, blockchain-based media usage metering,

rights transactions, payment completion services, and so on (McCoy et al., 2016a).

24. The Ethereum blockchain is commonly used for smart contracts. Contracts are translated into byte code

or Ethereum Virtual Machine (EVM) code and stored on the Ethereum blockchain. Contracts are trig-

gered or executed by making a transaction to the public address containing the transaction in Ether and

this triggers the contract to run once the miner has determined that the proof of work on the block is valid

(https://github.com/ethereum/wiki/wiki/White-Paper).

25. ‘For example, if the artwork is created by person A, person A obtains a Bitcoin address, address A, and

marks the artwork with address A. At this stage, the address is the Genesis address and the public ID of

the artwork. Transferring ownership of the artwork to person B entails transferring funds to the address of

person B. After this transfer of ownership, the artwork’s Genesis address remains the same, i.e. address A

but, the public address of the artwork is now address B. This is ascertained by verifying the blockchain

which shows a transfer of funds between address A and address B. If a subsequent transfer of ownership is

effected, for example to person C who has address C, the Genesis address of the artwork remains the

same, i.e. address A but, the public address of the artwork is now address C’ (McConaghy, 2016: 9).

26. For a broader discussion of the various business models, see O’Dwyer (2015) and O’Dwyer (2017).

27. There are a number of examples of individuals storing images on the blockchain. This includes a tribute

to Nelson Mandela that includes a picture. The data is stored by encoding hexadecimal values into

addresses, which, when translated into unicode, reveal a file name. So too, the bitcoin blockchain contains

a PDF file of the original whitepaper.

28. For explorations of this with physical artworks, see www.maecenas.co.

29. https://www.bloomberg.com/research/stocks/private/snapshot.asp? privcapid¼285776391

30. Monegraph has more recently been followed by mainstream companies such as Kodak, who recently

developed an image-licensing platform on the blockchain called KODAKOne.

31. In conversation with the author.

32. See, for example, https://monegraph.com/inspect?search¼17tVR9xBTKRSdiht3DPNssfKezi87BJNcy

33. Ken Umezaki, In conversation with the author.

34. McCoy, In conversation with the author.

35. McCoy, In conversation with the author.

36. https://www.crunchbase.com/organization/blockai

37. https://www.binded.com

38. www.dotblockchainmedia.com

39. https://bitcoinexchangeguide.com/distributed-gallery-ready-made-token-rmt-ico-for-artwork/
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