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Abstract

:

Non-fungible tokens (NFTs) make it technically possible for digital assets to be owned and traded, introducing the concept of scarcity in the digital realm for the first time. Resulting from this technical development, this paper asks the question, do they provide an opportunity for fundraising for galleries, libraries, archives and museums (GLAM), by selling ownership of digital copies of their collections? Although NFTs in their current format were first invented in 2017 as a means for game players to trade virtual goods, they reached the mainstream in 2021, when the auction house Christie’s held their first-ever sale exclusively for an NFT of a digital image, that was eventually sold for a record 69 million USD. The potential of NFTs to generate significant revenue for artists and museums by selling effectively a cryptographically signed copy of a digital image (similar to real-world limited editions, which are signed and numbered copies of a given artwork), has sparked the interest of the financially deprived museum and heritage sector with world-renowned institutions such as the Uffizi Gallery and the Hermitage Museum, having already employed NFTs in order to raise funds. Concerns surrounding the environmental impact of blockchain technology and the rise of malicious projects, exploiting previously digitised heritage content made available through OpenGLAM licensing, have attracted criticism over the speculative use of the technology. In this paper, we present the current state of affairs in relation to NFTs and the cultural heritage sector, identifying challenges, whilst highlighting opportunities that they create for revenue generation, in order to help address the ever-increasing financial challenges of galleries and museums.
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1. Introduction


Sustaining funding has always been one of the main challenges for museums and galleries [1] with the recent COVID-19 pandemic severely aggravating the financial health of cultural heritage organisations. In order to survive financially, museums and galleries have been forced to turn to solutions of last resort, such as redundancies [2,3] and even deaccessions [4,5]. However, recent advancements in technology have introduced new ways for revenue generation from museum images and digitised collections. Non-fungible tokens (NFTs), which can be described as a new medium that enables the ownership and trading of digital assets of any kind, have been gaining an increasing amount of attention in recent months. Introducing scarcity for born-digital assets for the first time ever, NFTs, or crypto- or digital collectibles, as they are also referred to, have already shown glimpses of their potential. Indicatively, the founder of Twitter, Jack Dorsey, sold his first ever tweet for 2.9 million USD as an NFT [6], whilst DJ Justin Blau auctioned the “world’s first tokenized album” for 11.6 million USD [7]. The current record for the most expensive NFT ever sold, is held by Christie’s for the auction of “5000 Everydays”. A digital image that is a mosaic of 5000 digital artworks by Mike Winkelmann, a digital artist also known as Beeple, was sold for 69 million USD, ranking as the third most expensive work sold at an auction by a living artist, surpassing auctions by Gerhard Richter, as well as most auctions for works by famous old masters, including Raphael and Titian [8].



The museum sector has already started exploring the potential of crypto collectibles. The Uffizi Gallery was the first major art museum to sell an NFT for an image of one of its Michelangelo masterpieces “Doni Tondo”, which sold for 170.000 USD [9], while the Hermitage Museum announced that it is planning to sell NFTs for famous pieces of its collection including works by Leonardo Da Vinci and Van Gogh [10]. However, NFTs have also attracted strong criticism. Firstly, the energy consumption associated with creating, which is commonly referred to as minting and trading NFTs is significant [11]. In addition, the anonymity that is ubiquitous in the crypto space provides fertile ground for bad actors seeking to exploit content that is freely available, such as the images made available through institutions that have adopted the OpenGLAM principles [12]. However, given the dire financial state of cultural heritage organisations, it is deemed necessary to explore this new medium and the opportunities it creates.



This paper asks if it is appropriate for the heritage sector to embrace non-fungible tokens (NFTs), selling ownership of digitised images of collections items, to raise much needed revenue. How might such an initiative sit alongside the OpenGLAM movement, where galleries, libraries, archives and museums have been openly licensing images of items in their collections for others to use as they will? In this paper, we problematise beyond the hype of digital collectibles, exploring the opportunities, risks and challenges they present to the GLAM sector, concluding with recommendations for the sector, as well as for the academic community and researchers interested in exploring NFTs in relation to museum funding and openly licenced content.




2. Background


2.1. Long-Standing Financial Challenges of Museums and Countermeasures


The ill financial health of institutions has long been one of the main challenges of the cultural heritage sector. The economic crisis of 2008 directly affected the sector [13], whilst the consecutive budget cuts that followed in the UK made securing funding one of the top challenges for British museums [14]. The extended and repeated closures due to COVID-19, caused a staggering 77% drop in attendance of art museums globally in 2020 [15], severely aggravating the situation, having a devastating impact on the financial health of cultural heritage institutions. Indicatively, two-thirds (i.e., 71%) of Scotland’s independent museums reported that they do not have funds to survive a year [16], whilst a report on the impact of COVID-19 on the museum sector revealed that 85% of museum directors were concerned about attracting audiences back [17].



To counter the sharp decline in revenue, museums turned to redundancies and deaccessions. Even in the UK, where a multi-million-pound emergency funding was offered to the cultural heritage sector [18,19] redundancies were widespread. Even large, well-funded institutions were forced to reduce their staff, including the Tate, which cut 120 jobs (i.e., 12% of its workforce) [2] and the V&A, which cut 103 roles (i.e., 10% of staff) [20], including one-fifth of its curatorial team [21]. One of the arguably lesser-known functions of museums, i.e., deaccessioning, was also employed by museums in order to generate much-needed revenue. In the UK, despite the fact that “financially-motivated disposal [is] subject to particularly close scrutiny” [22], the Royal Opera House sold David Hockney’s “Portrait of Sir David Webster”, who was the General Administrator of the Royal Opera House for several decades [4]. The portrait was auctioned by Christie’s and it was sold for 12.8 million GBP [23] in order “to raise vital funds for London’s Royal Opera House” [24]. In the US, the American Association of Art Museum Directors, in response to requests from museums, approved in April of 2020 a resolution offering more flexibility regarding deaccessioning, addressing in particular “how a museum might use the proceeds from deaccessioned art to pay for expenses associated with the direct care of collections” [25]. Following that resolution the Everson Museum auctioned Jackson Pollock’s “Red Composition” for 12 million USD, whilst Palm Springs Art Museum raised 3.9 million USD by auctioning Helen Frankenthaler’s “Carousel” [5]. Despite the devastating effects of the pandemic on the sector and the acknowledgement that more flexibility may be needed, all such financially motivated deaccessions came under scrutiny [5,26] with critics arguing that these institutions are “betraying the museum field” and that “patrons and artists would think twice about donating art, or money, if they believed that works in the collection could become a funding stream at a director’s whim” [26].



In exploring other avenues for revenue generation, we might begin by asking if there is an opportunity for organisations to raise much needed income by selling cryptographically signed copies of digital items derived from their collections, in the emerging NFT market without undermining current image licensing revenue streams and disrupting open content policies of institutions in the OpenGLAM movement. An article published on Artnet News in March 2021, states that NFTs and digital collectibles could present “a lifeline for cash-strapped museums” [27], because with the emergence of NFTs “historical issues that have long plagued the media market, like digital piracy and illegal reproduction, can be now all but forgotten” [27]. The article concludes that it is “worth exploring what can be done digitally before resorting to the painful and unpopular act of deaccessioning artworks” because NFTs “could have a big impact on museums’ bottom lines” [27]. With the cultural heritage sector struggling to address its ever-mounting financial challenges, employing even the least favourite of solutions and with the majority of museums having been left to choose between redundancies, deaccessions and even permanent closure, it is deemed necessary to exhaustively explore all possibilities that emerging technologies are presenting us with, whilst assessing the challenges and risks.




2.2. The Emergence of Blockchain


In 2008, a person named Satoshi Nakamoto, whose real identity has yet to be revealed, posted to “The Cryptography and Cryptography Policy Mailing List” [28] a message titled “Bitcoin P2P e-cash paper” [29], describing a “new electronic cash system that’s fully peer-to-peer, with no trusted third party” [29]. Nakamoto’s message linked to a paper titled “Bitcoin: A Peer-to-Peer Electronic Cash System” [30] and it sparked a vivid discussion. Some members of the mailing list acknowledged the technology’s potential stating “this does seem to be a very promising and original idea” [31], whilst others dismissed it completely, replying to Nakamoto saying “your proposal involves complications I do not think you have thought through” [32]. More than a decade later, Bitcoin has “managed to exist and operate in an autonomous way” with a “considerable capitalization” in excess of 2 trillion USD (as of May, 2021 according to CoinMarketCap [33]), having yet to be “seriously challenged by any attack” [34].



A blockchain can be described as “a distributed, immutable ledger that is maintained and verified among a network of peers” [35], or in simpler terms, a commonly shared database that is accessible by everyone and cannot be compromised by anyone. Although influences and forerunners of blockchain technology can be traced back to the 1950s [34,36], the most well-known blockchain “emerged from the development of Bitcoin” [35], the popular cryptocurrency presented in the aforementioned paper by Nakamoto [30]. Its significance is acknowledged in academia, being described as a “revolutionary technology” of “disruptive nature” [36], with researchers emphasising that “blockchain is much more than a foundation for crypto currency” [37], documenting the technology’s widespread adoption in a wide range of industries beyond the financial sector, ranging from healthcare to law [37,38,39] and, more recently, to the cultural heritage sector, through the emergence of digital collectibles.





3. Understanding Non-Fungible Tokens


3.1. Definition of NFTs and Emergence


Combining and extending the definitions of Bal and Ner [35], Regner et al. [40] and Leech [41], we define a non-fungible token (NFT) as a cryptographically unique, indivisible, irreplaceable and verifiable token that represents a given asset, be it digital, or physical, on a blockchain. At present the vast majority of NFTs are built on the Ethereum blockchain network [41] and are therefore Ethereum tokens; it is worth noting, however, that emerging blockchain platforms such as Flow [42], Tezos [43] and Algorand [44] have also been adding support for NFTs,. According to Ethereum’s founder Vitalik Buterin, his main motivation for developing Ethereum was to explore “the blockchain concept can be used for more than just money” [45]. As a result, the fundamental difference between Ethereum and the Bitcoin blockchain network is that an Ethereum token (i.e., a token stored and traded on the Ethereum blockchain) is created and managed by a so-called “smart contract”, which allows for programmatic computation, notably supporting “all types of computations” [46]. Buterin describes smart contracts as “systems which automatically move digital assets according to arbitrary pre-specified rules” [46]. In other words, a smart contract can be described as a self-executing contract between two parties, whose terms of agreement are written into lines of code and whose execution and related transactions are trackable, irreversible and exclusively controlled by code [47].



The concept of NFTs was first introduced in 2012 with Bitcoin’s “Colored Coins”, which referred to tokens that represent any type of physical asset, such as real estate properties, cars and bonds [48]. In their current format, NFTs were implemented in 2017, when Dieter Shirley, a contributor to the Ethereum source code repository and founder of the digital collectibles game CryptoKitties, introduced the ERC-721 smart contract standard, which allowed for the creation of a new type of Ethereum tokens [49]. Shirley explained the standard would allow for the implementation of “non-fungible tokens”, also “referred to as ‘NFTs’”, providing “basic functionality to track and transfer ownership of NFTs” [49] on the Ethereum blockchain. Up until then, for purposes of interoperability, the vast majority of Ethereum tokens were based on the ERC-20 protocol, whose defining feature is that they are fungible, i.e., replaceable and interchangeable [50]. For example, on Ethereum, all cryptocurrencies (except for Ether, which is Ethereum’s so-called native cryptocurrency) are created using an ERC-20 contract for that very reason; similar to a real-world currency, where a bank note is fungible and interchangeable with every other bank note of the same value, each ERC-20 token is fungible and interchangeable with every other token of the same type. By introducing the ERC-721 token protocol, Shirley offered an alternative to that.



Other smart contract protocols for creating NFTs have also been proposed. Although ERC-721 is considered the “gold standard” [51], the ERC-1155 “multi-token standard” [52] offers greater flexibility in the creation and management of NFTs, by offering support for batch operations, reducing gas fees and subsequently carbon emissions by 90% [53]. Another standard worth noting is EIP-2981, which enables universal support for royalty payments in all NFT marketplaces and ecosystems [54]. EIP-2981 addresses the lack of standardisation and interoperability across ecosystems, when it comes to the enforcement of resale rights across different platforms. Finally, fractionalised NFTs (F-NFTs), which support the fractional ownership of NFTs, are expected to be increasingly adopted, especially for high-value collectibles [55]. It could be argued that Ethereum’s edge over other blockchains is primarily due to market domination. Although other blockchains may be better suited for NFTs (e.g., due to substantially lower transaction fees) [56], a recent study showed that a staggering 97% of the NFT sales examined were generated on the Ethereum blockchain [57].



NFTs became popular within the crypto community through gaming and, in particular, through the virtual game CryptoKitties, which is a digital collectibles game, where every CryptoKitty is unique [58]. CryptoKitties have been described as a “digital version of Pokemon cards” [58] and the NFT for one of the most expensive CryptoKitties was sold for 170,000 USD [59]. Beyond gaming, NFTs have also been adopted by various industries, ranging from finance, obligations and loans [60] to supply chains [61]. In 2021, NFTs hit the mainstream emphatically, shaking up the art world, when the Christie’s auctioned Beeple’s “5000 Everydays” in March 2021 as the “first purely digital artwork (NFT)” [62] for 69.3 million USD [63]. Although this was not Beeple’s first multi-million dollar sale [62], “5000 Everydays” ranked as the third most expensive work sold at auction by a living artist, causing many in the art world to pause and evaluate the potential of NFTs [8,64]. In addition to the aforementioned sectors, the potential of crypto collectibles is continuously being highlighted for an expanding range of industries, spanning from music [65] and sports [66] to real estate [67].




3.2. Storage of NFTs


Given that digital collectibles by definition represent digital and physical assets, it is deemed necessary to examine where these assets that NFTs represent are stored. In the case of physical assets, the tangible artefact is usually shipped to the NFT collector, an indicative example of which is the NFT trading cards [68]. In the case of digital assets, however, storage is more complex. As a digital asset could be lost forever rather easily (e.g., being mistakenly erased due to human error, or by accident due to hardware damage), so systems have emerged for the persistent storage of assets represented by NFTs. In contrast to the actual tokens, which are stored on blockchains (e.g., on the Ethereum blockchain), the assets they represent (i.e., the digital files) are in most cases stored off-chain, as it would be prohibitively expensive otherwise. Indicatively, in July 2020, when gas fees were also significantly lower than in 2021, the fees to store (i.e., register) a 1 MegaByte image on the Ethereum blockchain cost more than 13,000 USD (i.e., 13.82 USD per KiloByte) [69]. To link the two, i.e., the blockchain-based tokens with the digital assets that they represent, which are stored in external storage systems, NFT platforms utilise different ways of associating the token with the asset; in the simplest of forms, one such reference can be a web link accompanying the token in its metadata.



There are mainly two types of storage systems for digital assets represented by NFTs, i.e., distributed storage infrastructures and centralised storage solutions. The most-widely used storage system at present, IPFS, is distributed; IPFS is where the assets of leading marketplaces of crypto collectibles such as Rarible.com and Foundation.app are stored by default [70,71]. On the other hand, an indicative example of a centralised storage solution is the Origin NFT Launchpad (originprotocol.com) platform. When an NFT is created and sold through the Origin NFT Launchpad, although the token transaction takes place on the Ethereum blockchain as normal (as if this NFT was created and sold through the aforementioned marketplaces), the asset represented by this NFT is stored on the company’s own centralised servers instead (information provided by Origin Protocol directly, as of June 2021).




3.3. Cost and Risks


Although the potential of NFTs is arguably undisputable, it must be noted that there are costs for creating and trading crypto collectibles, as well as potential risks, which should be addressed by any individual or organisation seeking to utilise this new medium. Regarding the former, to create and trade NFTs, or to perform any other blockchain-based transaction, one must pay the so called gas fees, i.e., fees that are paid to node operators to register new transactions on the respective blockchain [72]. Node operators play a vital role for a blockchain’s proper functioning; they lend their computer’s resources (e.g., RAM, disk space, bandwidth) to it, by running a software that “keeps a full copy of the blockchain” and also “broadcasts transactions across the [blockchain] network” [73]. Gas fees depend on the volume of transactions taking place on the blockchain network at a given moment. As a result, for the Ethereum network in particular, where most NFTs are currently being traded, gas fees can get particularly high [74], ranging between 4 and 70 USD per transaction, as shown in Figure 1 [75]. Therefore, even if one was only interested in experimenting with NFTs, they would be required to have a budget to spend towards gas fees for any blockchain-related operation. However, some marketplaces have already started exploring solutions that eliminate gas fees by reducing the number of on-chain transactions [76].



Besides fees, there are also potential risks involved when creating and trading crypto collectibles. The main risk associated with NFTs is the same one that applies to any other token, or cryptocurrency, which relates to the security of crypto wallets and their cryptographic keys that allow their owners to access them. Some popular NFT platforms own and manage these keys on behalf of their users, serving as custodial wallets. An indicative example of a custodial wallet is the Binance NFT Marketplace (www.binance.com/en/nft, accessed on 18 October 2021). Custodial wallets are simple to set up, require no familiarity with blockchain technologies and platforms and have all the conveniences one would expect, such as password recovery and account retrieval. On the downside, users of custodial wallets do not have true ownership of their NFTs, as these are not stored in their own crypto wallets on the blockchain. As a result, if the wallet provider’s infrastructure gets compromised, or the firm declares bankruptcy, solvency issues would arise (similar to the MtGox case in Bitcoin wallets [77]). On the other hand, users who store their NFTs into crypto wallets that they manage themselves also face risks; if they happen to lose access to their wallet, or forget the wallet’s cryptographic keys, then they immediately lose access to all of the wallet’s contents [78], because a process for retrieving crypto wallets has yet to be established without compromising the integrity of the respective blockchain. Due to the importance of the key loss issue, hybrid solutions have been proposed, whereby the key is split between multiple entities [79]. More recently, a new smart contract method named KELP was introduced, which manages to regain access to a lost crypto wallet [80]; however, it has yet to be tested widely.



Another common risk for buyers of digital collectibles regards asset access and storage. Commonly known as the “pull the rug” risk [81], it concerns whether buyers of NFTs have guaranteed and continued access to the assets represented by their NFTs. As mentioned earlier, the most widely used storage solution at present is the decentralised storage system IPFS. In such decentralised solutions, node operators need incentives for the continuous maintenance of copies of all files. More importantly, there has yet to be some form of assurance that every asset will continue to be stored forever in the storage system and it is technically possible under certain circumstances for an asset to be deleted or to become inaccessible at some point in the future. The leading NFT marketplace Rarible.com states in its terms of service that they “cannot guarantee continued operation […], or the integrity and persistence of data on IPFS” [70]. Similar risks also exist in centralised storage infrastructures. A user will lose access to their assets in various scenarios: if the firm experiences a technical issue, if a natural disaster hits a data centre (and the company does not utilise geo-duplication, where the same asset is stored in multiple different geographical locations), or if the company dissolves without transferring data elsewhere proactively. The “pull the rug” problem has been highlighted by the crypto community as one of the key areas that need to be addressed and further developed in the future [81].



In addition to the aforementioned risks, there are also other critical issues that need to be acknowledged. Amongst them is the ubiquity of anonymity on any blockchain, which provides fertile ground for bad actors to sell unauthenticated NFTs to unsuspicious buyers (Section 5.1), the lack of a definitive copyright policy governing all NFT sales (Section 4.2), the volatility of the NFT market (Section 6.1) and last but not least, the reputation risk of embracing NFTs, which are severely criticised for their environmental impact (Section 6.2).




3.4. Importance of NFTs


It could be argued that the significance of NFTs is that they introduce scarcity in the digital realm, making the ownership and also the trading of digital assets technologically possible. With regards to the former (i.e., ownership) when one buys a NFT, the transaction is registered on the public database of transactions that is the blockchain and as a result no one can question, challenge, obfuscate, or compromise one’s ownership of a given asset. Regarding the latter (i.e., trading) NFTs are crypto tokens themselves and, therefore, they can be traded (e.g., bought, sold, transferred, repurchased) on the blockchain, similar to any other type of token. Whereas painters and sculptors could always produce unique physical artifacts, for photographers, when mechanical reproduction was invented “artists and collectors had to come to terms with the fact that [one could] produce an unlimited number of identical prints of any photograph” [82]. As a response, in order to achieve authenticity, scarcity and, therefore, collectability, signed editions were introduced [82]. Similarly, as a response to the “artificial abundance” [82] of the Internet, NFTs introduce and implement technologically the concept of signed editions in the digital realm [82]. More importantly, they do so in a way that is accepted by common consensus.



Long before the emergence of NFTs, one could claim and prove ownership of a given asset in a variety of different ways, ranging from image watermarks (in the simplest of forms) to solutions utilising the blockchain, such as Verisart, i.e., a company founded in 2015 before the emergence of NFTs for providing certificates of authenticity to artists, by utilising blockchain technology [83] (Verisart has since adopted NFTs). However, it could be argued that none of these methods were widely known and, as a result, there was no process people could refer to in order to look up the ownership of an asset or its authenticity. Thanks to the relative (i.e., in an anonymised manner) transparency of blockchains, where all transactions are publicly visible by everyone, NFTs make it possible for the first time for anyone with a basic understanding and knowledge of NFTs, to look up the provenance of an NFT, including its creator (i.e., the public blockchain address of the person, or entity, who minted it), the current owner, as well as all previous owners. As an example, given that the vast majority of NFTs are on the Ethereum blockchain, one could track the provenance of an NFT using platforms, such as Etherscan.io, which is a free tool for tracking transactions and looking up the content of smart contracts on the Ethereum network [84]. However, given the ubiquity of anonymity in the decentralised web, it must be noted that rigorous due diligence is required in order to match the creator of the NFT (i.e., the wallet address that minted the NFT) with its real-world counterpart. Towards that direction and in order to minimise fraud, NFT platforms have implemented a verification process for creators to prove their identity. However, not all NFTs are sold through such platforms and therefore it is deemed necessary for collectors to perform their own due diligence.





4. Monetising Museum Images: NFTs, Image Licensing and Copyright


4.1. NFTs and Revenue Generation from Museum Images


Despite the fact that NFTs are a nascent technology and cultural heritage institutions are not usually amongst the earliest adopters of bleeding-edge technologies (which can be attributed to the fact that museums traditionally have limited budgets to experiment with new technologies and only few and well-resourced museums have the privilege of in-house technology teams), museums have already started exploring the possibilities of crypto collectibles for revenue generation, as well as for sourcing funds for social impact projects. As early as March 2021, the Guggenheim advertised a job post for a candidate who would look into the potential of NFTs [85], whilst the Cultural Producer and Former Deputy Director of the San Jose Museum of Art, along with other museum delegates, participated in the webinar “Discussing & Debating the Potentials of NFTs in the Museum Sector” [86]. The first large-scale institution to embrace NFTs was, what is considered by some as the “world’s best art gallery” [87], i.e., the Uffizi Gallery in Florence, Italy. In an effort to recover some of the revenue lost due to the pandemic, the Uffizi Gallery took the decision to create and sell NFTs of digitised images of some of its iconic pieces [88]. On the 14 May 2021, the gallery sold its first NFT of Michelangelo’s “Doni Tondo”, for 170,000 USD [9]. Following in the Uffizi’s footsteps, in July 2021, the Hermitage Museum in Russia announced it would sell NFTs of digital copies of some of its masterpieces on the Binance NFT Marketplace, including works by Leonardo Da Vinci, Vincent Van Gogh and Wassily Kandinsky [10]. The museum’s general director, Mikhail Piotrovsky, stated that the Hermitage is “not looking at it as a way of making money” [10], but instead as an opportunity to experiment with this new medium [10]. However, at the same time, the Hermitage stated that they aim to utilise the funds raised to “provide better availability of the Hermitage collection” [89] and to undertake necessary restoration work [90]. The first British museum to embrace NFTs was the Whitworth Gallery in Manchester, UK. In July 2021, the gallery sold limited editions of its first NFT, featuring an image of William Blake’s “Ancient of Days”, through the Hic et Nunc platform (www.hicetnunc.xyz/objkt/168856, accessed on 18 October 2021), which operates on the energy-efficient Tezos blockchain [91]. The gallery aims to raise funds for financing” social projects co-produced by the Whitworth and its constituents” instead of funding its own needs and collection [91]. The goal of this experiment, as they describe it, is to “explore the potential of directing new flows of private digitised capital into social capital” [91].



Although NFTs have already shown glimpses of their potential for monetising museum images, sceptics question whether they do so at the expense of an existing and long-utilised source of revenue for digitised collections—that of image licensing. Many museums and galleries have long relied on image licensing as a way to earn significant revenue from their images [92], either through their own in-house operations [93,94], or through image licensing firms such as The Bridgeman Art Library [95]. Using image licensing, museums have been claiming copyright even on images of artworks that are in the public domain, sparking controversy [96]. As a counter-argument, museums claim that revenue from image fees is vital for their collections [92,97]. An exception to this is the Open-GLAM movement, which has made digital images of collections’ items available with a variety of open licenses permitting reuse. There is some justifiable concern that third parties could mint openly licensed images of artworks as NFTs, taking potential revenue from institutions (discussed in Section 5.1) [96,98]. Therefore, it is deemed necessary to explore whether crypto collectibles impact image licensing operations by crystalising matters on NFTs in relation to copyright.




4.2. NFTs and Copyright


A common concern amongst sceptics is whether the intellectual property rights of the images featured in NFTs are also part of the trade and therefore museums would risk losing image licensing revenue by venturing in crypto collectibles. Although that is a field that is still being shaped, by general consensus, when it comes to intellectual property rights, the trade of crypto collectibles largely mirrors real-world art trade unless otherwise specified. By copyright law, when one purchases a physical painting, they only buy ownership over the tangible asset; the copyright of the artwork, including any commercial rights, remains with the artist, unless that is specifically covered in writing and signed [99]. Tonya M. Evans, a law professor at Penn State university, in her study on digital collectibles in relation to copyright, concluded that copyright law “does not specifically identify digital or digitized works as copyrightable subject matter” [100], because it applies equally “to physical embodiments and those requiring the aid of a machine” and therefore, an NFT “contributed by an author that contains at least a minimum amount of creativity is capable of receiving copyright protection” [100]. Therefore, from a legal standpoint, it appears to be clear that NFTs would be treated like tangible paintings when it comes to copyright. It must be noted that legislation differs by country, however with regards to copyright law in particular, it could be argued that it shares great similarities across different countries and regions.



Examining how intellectual property rights of NFTs are enforced on the platforms where crypto collectibles are traded, different approaches can be identified. When the creators of CryptoKitties invented NFTs [49], they also published an accompanying license, i.e., the “Nifty License” (nftlicense.org, accesed on 18 October 2021), which allows collectors some commercial reuse of the asset associated with the NFT. However, that does not appear to be adopted elsewhere beyond CryptoKitties. Indicatively, the leading platform Foundation.app (where Edward Snowden sold his first NFT raising 5.5 million USD for the Freedom of the Press Foundation [101]), clarifies in its terms of service that collectors are able to trade the NFT, i.e., the token, but they do not obtain any commercial rights on the asset the NFT represents [102]. The “Nifty License” demonstrates an intent for crypto collectibles to push the boundaries and introduce new norms to the art trade in relation to artwork copyright ownership. However, at present, it is commonly accepted amongst creators, as well as buyers of NFTs, that, unless otherwise specified, the trade of crypto collectibles does not involve or impact the intellectual property rights of the asset NFTs are associated with in any way.





5. Digital Collectibles and OpenGLAM


5.1. Malicious Uses the Case of Global Art Museum


Despite the brief history of NFTs, malicious uses of crypto collectibles have already emerged. Amongst them is the case of the Global Art Museum (GAM). Launched in March 2021, GAM presented itself as an organisation that “transforms historic art into blockchain-secured NFTs […] disrupting the Art Museum industry” [103]. Through the popular NFT marketplace OpenSea.com, GAM offered NFTs of masterpieces by Vermeer and Seurat for sale, claiming it would share 10% of profits with the institutions where these works belong [104]. All of the works that GAM utilised for its NFTs have been made available through OpenGLAM, an initiative that promotes free and open access to the digitised collections of galleries, libraries, archives and museums [96]. Pioneered by the Rijksmuseum in 2011 and later adopted by leading museums and galleries, such as the Metropolitan Museum of Art, the National Gallery of Denmark and the Getty, the core aim of OpenGLAM is to encourage cultural heritage organisations to refrain from adding new rights to images of artefacts, whose original work is in the public domain (i.e., free from any known copyright limitations) [96]. From a legal standpoint, GAM did not infringe copyright law, since images made available through OpenGLAM are available for unrestricted reuse. However, by naming its collections of NFTs after the respective institutions (e.g., “The Rijksmuseum Collection”) [105], whilst also promising revenue share with the museums, GAM created the false impression that it was in some form of partnership with the respective institutions, implying their endorsement.



Tina Rivers Ryan, the curator of modern and contemporary art at the Albright–Knox museum, uncovered GAM with an extensive thread on Twitter that went viral in museum circles, mounting strong criticism against it [12]. When the Rijksmuseum clarified that it was not in partnership with GAM [106], the latter was forced to take down all of its NFTs and present the project as a “NFT social experiment” [107]. The trend GAM sought to exploit and be part of is that of unauthenticated NFTs selling for significant sums. One would expect that people prepared to give thousands, or tens of thousands of dollars for one NFT, would normally conduct due diligence regarding the authenticity of the collectibles they purchase; however, that is not always the case. An indicative case is crypto artist Pest Supply, who sold an NFT featuring an adaptation of one of Banksy’s works for 900,000 USD [108]. Even the name of the artist, “Pest Supply”, is misleading because it resembles “Pest Control”, which is Banksy’s authentication body [108]. The NFT itself had nothing to do with Banksy [108], but despite that, it was sold for nearly a million USD.




5.2. NFTs and OpenGLAM: Risk or Opportunity?


The case of GAM led many to believe that crypto collectibles “seem at odds” [27] with the open content initiatives of cultural heritage institutions and consequently with the OpenGLAM movement as a whole. Some hoped that GAM was “a wakeup call for the GLAM sector”, arguing that “NFTs could be harmful if we do not acknowledge them” [109]. However, when GAM was brought to Rijksmuseum’s attention, whose works and name were exploited by GAM, it clarified that the museum’s collection is “open to everyone”; the museum explained that the aim of their open data policy is “to connect [their] collection to as many and diverse people as possible” [106] and did not make any further comments. Similarly, other museums whose works were used by GAM did not openly criticise or oppose to GAM using their images [109].



One could argue that, to the contrary, OpenGLAM institutions are those best positioned to benefit from NFTs. Firstly, the case of GAM demonstrated that such scams, even small ones (as it was the case with GAM, which attracted little financial interest), will not go unnoticed in the museum sector. Additionally, as NFTs mature as a new medium over time, collectors will also be getting increasingly aware of such scams, becoming more cautious when it comes to verifying the authenticity of the collectibles they invest in. Secondly, as explained earlier, the opportunity that NFTs present cannot be underestimated. By bringing scarcity to the digital realm, NFTs have arguably increased the value of the digitised collections of cultural heritage institutions significantly. However, commonly, NFT collectors expect a high-quality image of the artwork associated with their NFT; therefore, museums seeking to experiment with crypto collectibles would need to come to terms with the fact that a collector could publicly share (e.g., on the Internet) the high-quality images they would obtain by purchasing their NFTs. In the case of institutions with open content policies, however, given the fact they are already sharing high-quality digitised images of their artefacts openly, they have one barrier less for adopting and taking advantage of NFTs (e.g., if not for fundraising, then for public engagement projects [110]), in comparison to institutions with more restrictive image licensing policies.





6. Criticism and Debates


6.1. The NFT Market: The “Silent Crash” and the Top One Percent


The false impression one may get by reading through the phenomenon’s media coverage is that all, or at least most, NFTs turn digital assets to gold. At a macro level, examining the NFT market as a whole, analysts were pointing out, as early as April 2021, that the market was already undergoing a “silent crash” [111]. Some credited the crash to crypto investors, who joined in February to “catch a ride on the money train” and did not hold their collectibles for more than a few days [112]. Irrespective of the causes of the market crash, the fall was steep. In a single day, i.e., on the 25 March, the average daily value of NFTs fell by more than 85%, from 19 to 3 million USD [112]. Some argued that the “silent crash” was a “healthy, relatively short-term correction”, given the fact the rise of the prices of NFTs in the first couple of months of 2021 “was unsustainable” [111], but nevertheless it was a steep fall of the market.



At a micro level, the examination of individual NFT sales reveals great similarities between the crypto art market and the traditional art world, despite the fundamental differences between the two (e.g., the transparency of transactions, the lack of middlepersons). A recent study led by Canadian concept artist Kimberly Parker revealed that nearly 80% (i.e., 79.6%) of NFTs sell for less than 500 USD, whilst one-third of all NFTs (i.e., 33.6%) sell for less than 100 USD [113]. The study, which analysed data from OpenSea.com, as well as sale information from other marketplaces, revealed that only a “whopping 1.8%” of primary sales (i.e., the first ever sale of an NFT) exceeded the price of 0.5 ether, approximately 894 USD, based on the exchange rate during the period of the study [113]. This greatly resembles the status quo of the “notoriously top heavy” [114], “winner takes all” [115] art market. In 2020, it was reported that 64% of total sales of the art market, estimated at 64.1 billion USD [116], went to the top 1% of artists [114], whilst in 2017, just 25 artists accounted for nearly 50% of total contemporary auction sales [115]. As Parker concluded in his study of the NFT market, “decentralization does not mean equality of opportunity” [113].




6.2. Environmental Considerations


The greatest controversy surrounding crypto collectibles is the energy consumption associated with the Ethereum blockchain, where most NFTs are being traded, which is indeed substantial. As of May 2021, Ethereum’s energy consumption is estimated at 48.7 Tera-Watt Hours (TWh) per annum, which equals to the annual energy consumption of Malta [117]. As a result, NFTs have attracted severe criticism from environmentalists [118]. “NFTs are helping to destroy our planet” [11], argues Art Newspaper’s columnist Anny Shaw, adding that Beeple’s record auction of “5000 Everydays” produced 79 kg of CO2 emissions, equalling those of 13 homes in a year combined [11]. NFTs, however, are merely a smart contract protocol and one that can be implemented on any blockchain; hence, they are not exclusively tied to the Ethereum blockchain; Ethereum just happens to be the blockchain where NFTs were first introduced and is currently the most developed and widely adopted blockchain at present [119] in comparison to other more energy-efficient blockchains. Secondly, a systematic effort is being made for Ethereum itself to eliminate its carbon footprint [120]. Such indications make us hopeful for the future of NFTs.



Fierce critics of NFTs, however, argue that the energy consumption issues of NFTs will not be resolved anytime soon [121]. They consider Ethereum’s multi-year attempt to change its transaction validation method from the energy-consuming Proof-of-Work (PoW) method with the energy-efficient Proof-of-Stake (PoS) method as a “running joke” [121]. Making such a fundamental change on a blockchain, whose daily transactions exceed 1 million USD [122], would require a long and monumental effort and indeed, it may prove impossible eventually. However, as explained earlier, Ethereum has repeatedly pushed the boundaries of what is possible when it comes to decentralised technologies, so they may also succeed in moving to the PoS method, which would reduce the blockchain’s carbon emissions by 99% [120] and automatically reduce to the minimum the carbon footprint of all NFT-related trade.



Beyond Ethereum, energy-efficient NFTs already exist and are being traded as normal. The NFT of the Whitworth Gallery mentioned above is registered and traded on the energy-efficient Tezos blockchain. There are also numerous other blockchains that also utilise the Proof-of-Stake method for transaction verification, like Cardano [123] and Algorand [44], whose “electricity costs are comparable to using traditional servers in a centralized application” [124]. In addition, Cardano, a project driven by academic research, will fully launch at the end of summer 2021 [125]. Cardano claims to be “The Most Environmentally Sustainable Blockchain Protocol“ [123] due to its pioneering, peer-reviewed Proof-of-Stake implementation, whilst its capabilities for scalability, interoperability and sustainability make it a contender for challenging Ethereum’s dominance [126].



Interestingly, the energy-efficient Proof-of-Stake method has also attracted criticism from environmentalists. PoS blockchains have been accused that they “grant power to the already powerful” (we note that according to the PoS method, the more coins a node operator holds, the more transactions they are allowed to verify with their coins being held as collateral) and “that [this] is also a climate issue”, because “climate justice is social justice” [121]. At that point, it is deemed necessary to explore the broader context and the alternatives available. Museums and galleries are continuously looking for ways to raise funds [9,27]; if they were not fundraising with NFTs, they would be fundraising through current means, i.e., our financial system. The latter’s carbon footprint has yet to be estimated to allow for a direct comparison. What is staggering though, is that beyond the carbon footprint of banking operations itself, many of these institutions are actively investing in fossil fuels with “35 of the world’s major banks [having] provided $2.7 Trillion (£2Tn) to fossil fuel companies since the Paris Agreement on climate change [in] 2015” [127]. Fossil fuels account for an astonishing “93% of total U.S. anthropogenic CO2 emissions” [128], “driving global warming to dangerous levels” [129]. Notably, investment has been growing every year [127] instead of the opposite. In light of that, it is challenging to argue that transacting through PoS blockchains could be more harmful to the environment overall, in comparison to using current means [127]. Lastly, it is worth noting that, beyond the PoS adoption, there are also other measures being employed for reducing the carbon footprint of NFTs, albeit with lesser impact; such measures include the so-called Layer 2 solutions (whereby the number of transactions that needs to be registered on the blockchain is reduced to the minimum) and the use of renewable sources of energy for mining [130,131].




6.3. Future Business Models for NFTs


NFTs are often described as an investment and beyond the scarcity value of owing something very rare, what that investment entails is still unclear and therefore speculative. It is also unclear what ownership and control GLAM institutions may surrender by selling digital assets such as NFTs; how they may lose out on potential future revenue streams, or other forms of value and inclusion that would only result from retaining full control and ownership of their digital assets. With the current move of media into transmedia universes (such as the Marvel Cinematic Universe [132]) and the emergence of blockchain-based metaverses, we may see a future generation of payments (e.g., for loaning artworks) to those who own digital assets as NFTs, when these are featured in digital spaces. Given that we are now “immortalizing our myths (art + memes) onto an immutable public ledger via NFTs” [133], in the shared digital experiences and universes that are now emerging the digital ownership of media may become profitable in these metaverses and multiverses [134]. NFTs are already widely exhibited in popular blockchain-based metaverses, such as CryptoVoxels.com and Decentraland.org, both of which are three-dimensional virtual worlds that anyone can access via their Internet browser, roam into, buy virtual land in, erect buildings and exhibit NFTs (as a different means of promotion) that other users may buy directly from them within the metaverse [135]. There are already countless art galleries in the aforementioned blockchain-based metaverses exhibiting NFT art collections [136]. The built-in resale rights of NFTs, whereby the original creator receives a percentage on every future resale, or the practice of minting multiple editions and retaining some for the institution, as it was the case with the Whitworth Art Gallery (which retailed 2 of the 52 editions of the NFT they minted [91]), could potentially guard institutions against such risks. Nevertheless, this is a developing and speculative area; therefore, risk-averse GLAM institutions may not wish to relinquish any form of ownership or control until what is lost by selling NFTs based on collection items becomes clear. Indeed, a proactive move by institutions may be to mint their digital collections as NFTs, but carefully retain ownership themselves, thereby allowing their assets to be credited, whilst ensuring the opportunity for future returns on NFTs in the digital metaverse, which, at present, we can only begin to imagine.





7. Conclusions


NFTs, which can be described as cryptographically signed copies of digital or physical assets that are publicly registered on a blockchain, have made the ownership and trading of digital assets technologically possible. By bringing scarcity to the digital realm for the first time, crypto collectibles have increased the value of museum images and digitised collections of cultural heritage institutions significantly. The emergence of NFTs has been considered by some as a potential “lifeline” for museums, which have been turning to redundancies and deaccessions in order to survive financially. The museum sector, however, remains largely sceptical, as there are numerous risks involved, both for institutions (e.g., market implosion, or illicit exploitation of open content), as well as for buyers (e.g., key loss and storage issues). Uncertainly over artwork copyright also lingers; however, it appears to be accepted by common consensus that the trade of NFTs does not impact, or involve in any way, the intellectual property rights of the work or its image, unless otherwise specified. Although buyers do not expect to receive copyright when purchasing an NFT, they do expect a copy of the asset; for that reason, OpenGLAM institutions, which have already taken the decision to openly share their images for unrestricted reuse, have one barrier less for experimenting with digital collectibles. The greatest criticism over NFTs is the substantial energy consumption of the Ethereum blockchain, on which NFTs were first invented. Energy-efficient NFTs already exist; however, the majority of NFTs are still being traded on the Ethereum blockchain, whose energy consumption is substantial. Another criticism, which has not yet been fully expressed, concerns what institutions may lose by selling digital assets as NFTs, such as control, or revenue stream that is currently unknown, e.g., loaning NFTs for exhibition in future platforms or metaverses. For institutions, as well as potential buyers interested in exploring NFTs, it is advisable to explore the individual risks involved and individually address them in advance. Additionally, NFTs present a new medium that is still in its infancy and as such, it should be treated with caution, because there are still critical deficiencies (e.g., permanent loss of crypto wallets) and important unknowns (e.g., lack of a definitive copyright policy). However, the financial potential of crypto collectibles is substantial. Furthermore, for the research community, the dearth of literature and lack of data provide an opportunity for academics to bridge the gap between this new medium and the GLAM sector, exploring meaningful uses, as well as solutions and answers to the risks and issues that have already been identified. There are opportunities for future work for researchers working at the juncture of GLAM and digital technologies for the following: to explore new business models for revenue generation; to navigate emerging solutions for NFT deficiencies (or to explain unsurmountable deficiencies in ways that can be usefully communicated across the GLAM sector); to provide recommendations on digital preservation of NFT ownership and standards for making NFT data open and FAIR [137]; and to give clear guidance on the adoption of intellectual property laws and policies in regard to NFTs, which will safeguard GLAM institutions and respect their collections management procedures in the NFT space. Lastly, it is worth noting that blockchain technology is considered the technical foundation of Web 3.0, i.e., the decentralised web. When in 2006 Raj Jain presented his paper “Internet 3.0: Ten Problems with Current Internet Architecture and Solutions for the Next Generation” at IEEE’s Military Communications Conference, he was amongst the first to highlight the need for the future of the internet, “Internet 3.0”, to have “as little centralized control as possible” [138]. Fifteen years later, as we are now seeing this future unfolding, NFTs could serve as the springboard and an opportunity for the museum sector and the academic community alike, to explore, understand and embrace the decentralised future of the Internet.







Author Contributions


Conceptualization, F.V., A.B., M.T., C.S., A.H.-S. and K.C.; methodology, F.V.; investigation, F.V.; writing—original draft preparation, F.V.; writing—review and editing, F.V., A.B., M.T., C.S., A.H.-S. and K.C.; supervision, A.B.; project administration, F.V. and A.B.; funding acquisition, F.V. and A.B. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Arts and Humanities Research Council, grant number AH/S005048/1.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Valeonti, F.; Hudson-Smith, A.; Terras, M.; Zarkali, C. Reaping the Benefits of Digitisation: Pilot study exploring revenue generation from digitised collections through technological innovation. In Proceedings of the EVA London 2018; BCS, The Chartered Institute for IT: London, UK, 2018; pp. 56–63. [Google Scholar]

	



Atkinson, R. Tate to Cut 120 Jobs to ‘Survive Crisis’. Available online: https://www.museumsassociation.org/museums-journal/news/2020/12/tate-to-cut-120-jobs-to-survive-crisis/ (accessed on 1 April 2021).

	



Adams, G.K. Redundancies and Reduced Opening Hours at Science Museum Group Sites. Available online: https://www.museumsassociation.org/museums-journal/news/2020/11/redundancies-and-reduced-opening-hours-at-science-museum-group-sites/ (accessed on 31 March 2021).

	



Royal Opera House History. Available online: https://www.roh.org.uk/about/the-royal-opera/history (accessed on 22 April 2021).

	



Stromberg, M. How “Deaccession” Became the Museum Buzzword of 2020. Available online: https://www.latimes.com/entertainment-arts/story/2020-12-29/deaccession-museum-art-auctions-2020 (accessed on 1 April 2021).

	



Harper, J. Jack Dorsey’s First ever Tweet Sells for $2.9m. Available online: https://www.bbc.co.uk/news/business-56492358 (accessed on 1 June 2021).

	



Origin Protocol. History Has Been Made! The Auction for the World’s First Tokenized Album Has Finished. Available online: https://twitter.com/OriginProtocol/status/1365916413421060096 (accessed on 1 June 2021).

	



Jhala, K. WTAF? Beeple NFT Work Sells for Astonishing $69.3m at Christie’s after Flurry of Last-Minute Bids Nearly Crashes Website. Available online: https://www.theartnewspaper.com/news/beeple-sells-for-christie-s-nft-art-auction-cryptocurrency (accessed on 16 May 2021).

	



Artnet News. The Uffizi Gallery Just Sold a Michelangelo NFT for $170,000, and Now Is Quickly Minting More Masterpieces from Its Collection. Available online: https://news.artnet.com/art-world/uffizi-gallery-michelangelo-botticelli-nfts-1969045 (accessed on 1 June 2021).

	



Kishkovsky, S. Hermitage Museum Mints Leonardo, Monet, Van Gogh NFTs to Raise Funds. Available online: https://www.theartnewspaper.com/news/nft-hermitage (accessed on 3 August 2021).

	



Shaw, A. NFT Breakthrough: Ethereum Co-Founder Joe Lubin Creates 99% Energy Efficient Blockchain—And Damien Hirst Is Its First Artist. Available online: https://www.theartnewspaper.com/news/nft-breakthrough-ethereum-co-founder-joe-lubin-creates-energy-efficient-blockchain-and-damien-hirst-is-its-first-artist (accessed on 20 April 2021).

	



Ryan, T.R. Tina Rivers Ryan on Twitter: “I’m Enraged: A Company Called @globalartmuseum Has Begun Minting NFTs of Works in the @rijksmuseum Collection. They Claim “Any Revenue Derived from Sales or Rental Will Be Shared with the Museum” to Help Them during the C. Available online: https://twitter.com/TinaRiversRyan/status/1370533790284722189 (accessed on 20 April 2021).

	



Lindqvist, K. Museum finances: Challenges beyond economic crises. Museum Manag. Curatorsh. 2012, 27, 1–15. [Google Scholar] [CrossRef]

	



Pes, J. What Are the Biggest Challenges Facing UK Museums? Brexit and Budget Cuts, New Report Says. Available online: https://news.artnet.com/art-world/englands-museums-face-brexit-on-top-of-big-budget-cuts-but-report-looks-on-bright-side-1153148 (accessed on 13 March 2018).

	



Sharpe, E.; Da Silva, J. Visitor Figures 2020: Top 100 Art Museums Revealed as Attendance Drops by 77% Worldwide. Available online: https://www.theartnewspaper.com/analysis/visitor-figures-2020-top-100-art-museums (accessed on 31 March 2021).

	



Knott, J. Two Thirds of Scotland’s Independent Museums Say They Cannot Survive for a Year. Available online: https://www.museumsassociation.org/museums-journal/news/2020/08/two-thirds-of-scotlands-independent-museums-say-they-cannot-survive-for-a-year/ (accessed on 1 April 2021).

	



Art Fund. COVID-19 Impact: Museum Sector Research Report on the Challenges Facing Museums and Galleries. Available online: https://www.artfund.org/blog/2020/05/28/covid19-impact-research-report (accessed on 31 March 2021).

	



Atkinson, R. ACE Announces Recipients of £257m Recovery Funding. Available online: https://www.museumsassociation.org/museums-journal/news/2020/10/ace-announces-recipients-of-257m-recovery-funding/ (accessed on 1 April 2021).

	



Knott, J. Seven Museums Share £15m from Culture Recovery Fund. Available online: https://www.museumsassociation.org/museums-journal/news/2020/10/seven-museums-share-15m-from-culture-recovery-fund/ (accessed on 1 April 2021).

	



Brown, M. V&A to Make 10% of Staff Redundant Amid Coronavirus Pandemic. Available online: https://www.theguardian.com/artanddesign/2020/sep/29/va-to-make-10-of-staff-redundant-amid-coronavirus-pandemic (accessed on 1 April 2021).

	



Cascone, S. The Victoria and Albert Museum Will Cut a Fifth of Its Curatorial Staff as Part of a Sweeping Round of Layoffs. Available online: https://news.artnet.com/art-world/victoria-albert-museum-layoffs-1947403 (accessed on 31 March 2021).

	



Yapova, M.; Christopherson, T. Museums and Deaccessioning during the Covid-19 Pandemic. Available online: https://www.artatlaw.com/blogpost/museums-and-deaccessioning-during-the-covid-19-pandemic (accessed on 31 March 2021).

	



Christie’s DAVID HOCKNEY (B. 1937). Available online: https://www.christies.com/en/lot/lot-6285715 (accessed on 22 April 2021).

	



Christie’s. David Hockney, Post-War and Contemporary Art Evening Auction, 2 October 2020. Available online: https://www.christies.com.cn/presscenter/pdf/9813/Christie%27s%20Release%20-%20David%20Hockney,%20Post-War%20and%20Contemporary%20Art%20Evening%20Auction,%202%20October%202020_9813_1.pdf (accessed on 22 April 2021).

	



Association of Art Museum Directors. AAMD Board of Trustees Approves Resolution to Provide Additional Financial Flexibility to Art Museums During Pandemic Crisis. Available online: https://aamd.org/for-the-media/press-release/aamd-board-of-trustees-approves-resolution-to-provide-additional (accessed on 1 April 2021).

	



Russeth, A. What’s Next for Museum Deaccessioning? Available online: https://www.artnews.com/art-news/market/museum-deaccessioning-coronavirus-pandemic-1234583143/ (accessed on 1 April 2021).

	



Ciecko, B. The Surging Demand for Digital Collectibles Could Offer a Lifeline for Cash-Strapped Museums—Here’s How. Available online: https://news.artnet.com/opinion/op-ed-digital-collectables-museums-1950808 (accessed on 8 April 2021).

	



Unknown About Cryptography. Available online: https://www.metzdowd.com/mailman/listinfo/cryptography (accessed on 2 April 2021).

	



Nakamoto, S. Bitcoin P2P E-Cash Paper. Available online: https://www.mail-archive.com/cryptography@metzdowd.com/msg09959.html (accessed on 2 April 2021).

	



Nakamoto, S. Bitcoin: A Peer-to-Peer Electronic Cash System. Available online: https://bitcoin.org/bitcoin.pdf (accessed on 2 April 2021).

	



Finney, H. Re: Bitcoin P2P E-Cash Paper. Available online: https://www.mail-archive.com/cryptography@metzdowd.com/msg09975.html (accessed on 2 April 2021).

	



Donald, J.A. Re: Bitcoin P2P E-Cash Paper. Available online: https://www.mail-archive.com/cryptography@metzdowd.com/msg09984.html (accessed on 2 April 2021).

	



CoinMarketCap Today’s Cryptocurrency Prices by Market Cap. Available online: https://coinmarketcap.com/ (accessed on 8 April 2021).

	



Aste, T.; Tasca, P.; Matteo, T. Di Blockchain Technologies: Foreseeable Impact on Industry and Society Draft NOT for Distribution, to be Published on IEEE 2017. Computer (Long. Beach. Calif.) 2017, 50, 18–28. [Google Scholar]

	



Bal, M.; Ner, C. NFTracer: A non-fungible token tracking proof-of-concept using Hyperledger fabric. arXiv 2019, arXiv:1905.04795. [Google Scholar]

	



Pilkington, M. Blockchain Technology: Principles and Applications. Research Handbook on Digital Transformations. Olleros, F.X., Zhegu, M., Eds.; 2016, pp. 225–253. Available online: https://www.elgaronline.com/view/edcoll/9781784717759/9781784717759.00019.xml (accessed on 1 September 2021).

	



Ahram, T.; Sargolzaei, A.; Sargolzaei, S.; Daniels, J.; Amaba, B. Blockchain technology innovations. In Proceedings of the 2017 IEEE Technology and Engineering Management Society Conference, TEMSCON 2017, Santa Clara, CA, USA, 8–10 June 2017; pp. 137–141. [Google Scholar]

	



Elsden, C.; Nissen, B.; Jabbar, K.; Talhouk, R.; Lustig, C.; Dunphy, P.; Speed, C.; Vines, J. HCI for blockchain: Studying, designing, critiquing and envisioning distributed ledger technologies. In Proceedings of the Conference on Human Factors in Computing Systems—Proceedings; Association for Computing Machinery: Montreal, QC, Canada, April 2018. [Google Scholar]

	



Elsden, C.; Manohar, A.; Briggs, J.; Harding, M.; Speed, C.; Vines, J. Making Sense of Blockchain Applications: A Typology for HCI. In Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems; Association for Computing Machinery: New York, NY, USA, 2018. [Google Scholar]

	



Regner, F.; Urbach, N.; Schweizer, A. NFTs in Practice—Non-Fungible Tokens as Core Component of a Blockchain-based Event Ticketing Application. In Proceedings of the 40th International Conference on Information Systems; ICIS, Munich, Germany, 15–18 December 2019; pp. 1–17. [Google Scholar]

	



Leech, O. What Are NFTs and How Do They Work? Available online: https://www.coindesk.com/what-are-nfts (accessed on 2 April 2021).

	



Flow Docs. Non-Fungible Tokens. Available online: https://docs.onflow.org/cadence/tutorial/04-non-fungible-tokens/#non-fungible-tokens-on-the-flow-emulator (accessed on 4 August 2021).

	



Tezos Docs. Non-Fungible Tokens on Tezos Using FA2. Available online: https://assets.tqtezos.com/docs/token-contracts/fa2/2-fa2-nft-tutorial/ (accessed on 4 August 2021).

	



Algorand. NFTs: The New Creator Economy. Available online: https://www.algorand.com/resources/blog/nfts-creator-economy-on-algorand (accessed on 4 August 2021).

	



Buterin, V. A Next-Generation Smart Contract and Decentralized Application Platform. Available online: http://buyxpr.com/build/pdfs/EthereumWhitePaper.pdf (accessed on 1 September 2021).

	



Vujičić, D.; Jagodić, D.; Randić, S. Blockchain technology, bitcoin, and Ethereum: A brief overview. In Proceedings of the 2018 17th International Symposium on INFOTEH-JAHORINA, INFOTEH 2018—Proceedings, East Sarajevo, Bosnia and Herzegovina, 21–23 March 2018; pp. 1–6. [Google Scholar]

	



Frankenfield, J.; Rasure, E. Smart Contracts Definition. Available online: https://www.investopedia.com/terms/s/smart-contracts.asp (accessed on 2 April 2021).

	



Rosenfeld, M. Overview of Colored Coins. Available online: https://bitcoil.co.il/BitcoinX.pdf (accessed on 4 August 2021).

	



Shirley, D. ERC: Non-fungible Token Standard · Issue #721 · ethereum/EIPs. Available online: https://github.com/ethereum/EIPs/issues/721 (accessed on 2 April 2021).

	



Oxford English Dictionary. Fungible; Oxford University Press: Oxford, UK, 2021. [Google Scholar]

	



Beanie Beanie on Twitter: “ERC-721 Is a Non Fungible Token by Default and Is, and Always Will Be the Gold Standard of a Valuable Collectible NFT. ERC-1155 Is a Dual Purpose Fungible and Non Fungible Token. It Was Developed by Enjin, to Tokenize Things Like Common Gaming Skins and Other Commoditized Items”. Available online: https://mobile.twitter.com/beaniemaxi/status/1397280788597641217 (accessed on 4 August 2021).

	



EIP-1155: ERC-1155 Multi Token Standard. Available online: https://eips.ethereum.org/EIPS/eip-1155 (accessed on 4 August 2021).

	



Enjin ERC-1155: Next-Generation Smart Contract. Available online: https://enjin.io/about/erc-1155 (accessed on 4 August 2021).

	



EIP-2981: NFT Royalty Standard. Available online: https://eips.ethereum.org/EIPS/eip-2981 (accessed on 4 August 2021).

	



Garnett, K.; Neuburger, J. NFTs Are Interesting but Fractionalized Non-Fungible Tokens (F-NFTs) May Present Even More Challenging Legal Issues. Available online: https://www.jdsupra.com/legalnews/nfts-are-interesting-but-fractionalized-9904209/ (accessed on 4 August 2021).

	



Hayward, A. What is Flow? The Blockchain Built for NFTs. Available online: https://decrypt.co/resources/what-is-flow-dapper-labs (accessed on 14 October 2021).

	



CoinTelegraph Research. Blockchains vie for NFT Market, but Ethereum Still Dominates. Available online: https://cointelegraph.com/news/blockchains-vie-for-nft-market-but-ethereum-still-dominates-report (accessed on 14 October 2021).

	



Tepper, F. People have Spent over $1M Buying Virtual Cats on the Ethereum Blockchain. Available online: https://techcrunch.com/2017/12/03/people-have-spent-over-1m-buying-virtual-cats-on-the-ethereum-blockchain/?guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAAIqDTIOnMI8xA3Du86MwVXutStd8q0lVvVkqAxrp1bYJx_EVL3X1Lo5krZuTivRDumjYnNmK75ZdFy1 (accessed on 16 May 2021).

	



Varshney, N. Someone Paid $170,000 for the Most Expensive CryptoKitty Ever. Available online: https://thenextweb.com/hardfork/2018/09/05/most-expensive-cryptokitty/ (accessed on 8 April 2021).

	



r3. Case Study: Finastra. Available online: https://www.r3.com/wp-content/uploads/2018/07/US_11_Finastra_CS_JUN26_final.pdf (accessed on 4 August 2021).

	



Kouhizadeh, M.; Sarkis, J. Blockchain Practices, Potentials, and Perspectives in Greening Supply Chains. Sustainability 2018, 10, 3652. [Google Scholar] [CrossRef]

	



Christie’s Beeple’s Opus. Available online: https://www.christies.com/features/Monumental-collage-by-Beeple-is-first-purely-digital-artwork-NFT-to-come-to-auction-11510-7.aspx (accessed on 4 August 2021).

	



Christie’s Beeple (b. 1981), EVERYDAYS: THE FIRST 5000 DAYS. Available online: https://onlineonly.christies.com/s/beeple-first-5000-days/beeple-b-1981-1/112924?ldp_breadcrumb=back (accessed on 8 April 2021).

	



Davis, B. I Looked Through All 5000 Images in Beeple’s $69 Million Magnum Opus. What I Found Isn’t So Pretty. Available online: https://news.artnet.com/opinion/beeple-everydays-review-1951656 (accessed on 16 May 2021).

	



Blau, J. Building the Investable Layer of Music. Available online: https://thedefiant.io/building-the-investable-layer-of-music-by-3lau/ (accessed on 4 June 2021).

	



The Tokenizer FC Dynamo Kyiv to Become First Major Sports Team in the World to Sell its First NFT Event Tickets. Available online: https://thetokenizer.io/2021/05/26/fc-dynamo-kyiv-to-become-first-major-sports-team-in-the-world-to-sell-its-first-nft-event-tickets/ (accessed on 4 June 2021).

	



Karayaneva, N. NFTs Work For Digital Art. They Also Work Perfectly For Real Estate. Available online: https://www.forbes.com/sites/nataliakarayaneva/2021/04/08/nfts-work-for-digital-art-they-also-work-perfectly-for-real-estate/?sh=4059055243f3 (accessed on 4 June 2021).

	



Madeira, A. NFT Trading Cards: A New Way to Own Collectibles or an Asset Bubble? Available online: https://cointelegraph.com/news/nft-trading-cards-a-new-way-to-own-collectibles-or-an-asset-bubble (accessed on 9 August 2021).

	



StackExchange. What is the Cost to Store 1KB, 10KB, 100KB Worth of Data into the Ethereum Blockchain? Available online: https://ethereum.stackexchange.com/questions/872/what-is-the-cost-to-store-1kb-10kb-100kb-worth-of-data-into-the-ethereum-block (accessed on 1 September 2021).

	



Rarible Rarible Terms and Conditions. Available online: https://static.rarible.com/terms.pdf (accessed on 9 August 2021).

	



Howard, L. Where Is My Art Stored When It’s Released through Foundation? An IPFS Primer. Available online: https://help.foundation.app/en/articles/4784789-where-is-my-art-stored-when-it-s-released-through-foundation-an-ipfs-primer (accessed on 9 August 2021).

	



Schwartz, D.; Bordas, P.; Vazquez, A. What Are Gas Fees? Available online: https://coinmarketcap.com/alexandria/article/what-are-gas-fees (accessed on 4 June 2021).

	



Nelsen, D. What Does It Mean to Be a Blockchain Node Operator? Available online: https://www.blockchainecosystem.io/ask/what-does-it-mean-to-be-a-blockchain-node-operator-are-there-any-blockchains-out-there-that-don-t-have-node-operators (accessed on 13 August 2021).

	



Ethereum. Gas and Fees. Available online: https://ethereum.org/en/developers/docs/gas/ (accessed on 4 June 2021).

	



YCharts. Ethereum Average Transaction Fee. Available online: https://ycharts.com/indicators/ethereum_average_transaction_fee (accessed on 9 August 2021).

	



OpenSea. Create NFTs for Free on OpenSea. Available online: https://opensea.io/blog/announcements/introducing-the-collection-manager/ (accessed on 9 August 2021).

	



McMillan, R. The Inside Story of Mt. Gox, Bitcoin’s $460 Million Disaster. Available online: https://www.wired.com/2014/03/bitcoin-exchange/ (accessed on 9 August 2021).

	



Pollock, D. Infamous Discarded Hard Drive Holding 7500 Bitcoins Would Be Worth $80 Million Today. Available online: https://cointelegraph.com/news/infamous-discarded-hard-drive-holding-7500-bitcoins-would-be-worth-80-million-today (accessed on 9 August 2021).

	



Beery, T. Deep Dive into ZenGo Guaranteed Access Solution. Available online: https://www.zengo.com/a-deep-dive-into-zengo-guaranteed-access-solution/ (accessed on 9 August 2021).

	



Blackshear, S.; Chalkias, K.; Chatzigiannis, P.; Faizullabhoy, R.; Khaburzaniya, I.; Kokoris Kogias, E.; Lind, J.; Wong, D.; Zakian, T. Reactive Key-Loss Protection in Blockchains. In Proceedings of the Financial Cryptography and Data Security. FC 2021 International Workshops; Springer: Berlin/Heidelberg, Germany, 2021. [Google Scholar]

	



Wright, T. OpenSea Collector “Pulls the Rug” on NFTs to Highlight Arbitrary Value. Available online: https://cointelegraph.com/news/opensea-collector-pulls-the-rug-on-nfts-to-highlight-arbitrary-value (accessed on 9 August 2021).

	



Rusher, J. What Does It Mean To Buy a Gif? Available online: https://jackrusher.com/journal/what-does-it-mean-to-buy-a-gif.html?utm_source=sebchan&utm_medium=email (accessed on 7 April 2021).

	



Verisart About Us. Available online: https://verisart.com/about#about-us (accessed on 8 April 2021).

	



Gabeci, K. What Is Etherscan? Available online: https://medium.datadriveninvestor.com/what-is-etherscan-a86fd59336de (accessed on 4 June 2021).

	



Nelson, D. Even NYC’s Highfalutin Guggenheim Museum Is Looking at NFTs, Job Posting Suggests. Available online: https://www.coindesk.com/even-nycs-highfalutin-guggenheim-museum-is-looking-at-nfts-job-posting-suggests (accessed on 8 April 2021).

	



Cuseum. Webinar: Discussing & Debating the Potentials of NFTs in the Museum Sector. Available online: https://cuseum.com/webinars/discussing-and-debating-the-potentials-of-nfts-in-the-museum-sector-overview (accessed on 8 April 2021).

	



Jones, J. The Uffizi: The World’s Best Art Gallery? Available online: https://www.theguardian.com/artanddesign/jonathanjonesblog/2009/sep/01/uffizi-museum-florence (accessed on 10 August 2021).

	



Young, A. Uffizi Gallery Turned a Michelangelo Into an NFT and It Sold for $170,000. Available online: https://mymodernmet.com/uffizi-gallery-michelangelo-nft-art/ (accessed on 10 August 2021).

	



Baydakova, A. Russia’s Hermitage to Sell Digital Copies of Art as NFTs. Available online: https://www.coindesk.com/russias-hermitage-to-sell-digital-copies-of-art-gems-as-nfts (accessed on 10 August 2021).

	



Charr, M. The Hermitage Museum Aims to Raise Funds in Russia with NFTs. Available online: https://www.museumnext.com/article/museum-raise-funds-with-nfts/ (accessed on 10 August 2021).

	



The Whitworth. The Ancient of Days NFT. Available online: https://whitworth.vastari.com/theancientofdaysnft (accessed on 10 August 2021).

	



Kelly, K. Images of Works of Art in Museum Collections: The Experience of Open Access. Available online: http://msc.mellon.org/msc-files/Open%20Access%20Report%2004%2025%2013-Final.pdf (accessed on 30 July 2018).

	



Smithsonian Institution. Rights and Reproduction. Available online: https://siarchives.si.edu/what-we-do/rights-and-reproduction (accessed on 11 August 2021).

	



NPG. Reproducing Images from our Collection. Available online: https://www.npg.org.uk/business/images/use-on-web/ (accessed on 11 August 2021).

	



Bridgeman Images. About Bridgeman. Available online: https://www.bridgemanimages.com/en/9448/about-bridgeman (accessed on 11 August 2021).

	



Valeonti, F.; Terras, M.; Hudson-Smith, A. How open is OpenGLAM? Identifying barriers to commercial and non-commercial reuse of digitised art images. J. Doc. 2020, 76, 1–26. [Google Scholar] [CrossRef]

	



Moore, M. Museum Fees Are Killing Art History, Say Academics. Available online: https://www.thetimes.co.uk/article/museum-fees-are-killing-art-history-say-academics-qhfwmdws6 (accessed on 13 March 2018).

	



Terras, M. Opening Access to collections: The making and using of open digitised cultural content. Online Inf. Rev. 2015, 39, 733–752. [Google Scholar] [CrossRef]

	



HM Government. Copyright, Designs and Patents Act 1988. UK Parliament, 1996. Available online: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/957583/Copyright-designs-and-patents-act-1988.pdf (accessed on 1 September 2021).

	



Evans, T.M. Cryptokitties, cryptography, and copyright. AIPLA Q. J. 2019, 47, 219–266. [Google Scholar]

	



Snowden, E. Stay Free. Available online: https://foundation.app/@Snowden/stay-free-edward-snowden-2021-24437 (accessed on 4 August 2021).

	



Foundation Terms of Service. Available online: https://foundation.app/terms (accessed on 4 August 2021).

	



GlobalArtMuseum GlobalArtMuseum’s Account. Available online: https://opensea.io/accounts/GlobalArtMuseum (accessed on 8 April 2021).

	



Cascone, S. A Collective Made NFTs of Masterpieces without Telling the Museums That Owned the Originals. Was It a Digital Art Heist or Fair Game? Available online: https://news.artnet.com/art-world/global-art-museum-nfts-1953404 (accessed on 20 April 2021).

	



Ryan, T.R. Tina Rivers Ryan on Twitter: “The Use the Title “The Rijksmuseum Collection” and the Website Link at the Bottom Here Goes to the Rijksmuseum Website. I Would Love to Know if the @rijksmuseum Knows about This”. Available online: https://twitter.com/TinaRiversRyan/status/1370535266704838659 (accessed on 20 April 2021).

	



Rijksmuseum “@TinaRiversRyan @GlobalArtMuseum We do not have a Partnership with Any of These Parties. Our Collection is for Everyone. We have an Open Data Policy to Connect Our Collection to as Many and Diverse People as Possible”. Available online: https://twitter.com/rijksmuseum/status/1370718093304066048 (accessed on 20 April 2021).

	



GAM (Global Art Museum) “(1/9) Welcome to GAM. Our 1st NFT Social Experiment has Ended. A Global Conversation on NFTs has Finally Started with a Big Bang. We are Thankful for 1000s of Tags & Mentions on Twitter. Let Us Explain What REALLY Happened? Available online: https://twitter.com/GlobalArtMuseum/status/1371476437522255872 (accessed on 20 April 2021).

	



Shaw, A. Banksy-Style NFTs Have Sold for $900,000—But Are They the Real Deal and Does It Even Matter? Available online: https://www.theartnewspaper.com/news/fake-or-appropriation-banksy-style-nfts-sell-for-usd900-000-but-who-is-behind-the-spin-offs (accessed on 20 April 2021).

	



Liddell, F. ‘Disrupting the Art Museum Now!’: Responding to the NFT Social Experiment. Available online: https://www.culturalpractice.org/article/disrupting-the-art-museum-now-responding-to-the-nft-social-experiment (accessed on 20 April 2021).

	



Liddell, F. Building Shared Guardianship through Blockchain Technology and Digital Museum Objects. Museum Soc. 2021, 19, 220–236. [Google Scholar] [CrossRef]

	



Thurman, A. ‘Silent Crash’ as Price Floors Collapse Across NFT Space. Available online: https://cointelegraph.com/news/silent-crash-as-price-floors-collapse-across-nft-space (accessed on 22 April 2021).

	



Sriram, S. Analysts Suggest “Silent Crash” May Be Underway As NFT Prices Floors Plummet. Available online: https://www.benzinga.com/markets/cryptocurrency/21/04/20476681/analysts-suggest-silent-crash-may-be-underway-as-nft-prices-floors-plummet (accessed on 22 April 2021).

	



Parker, K. Most Artists Are not Making Money off NFTs and Here Are Some Graphs to Prove It. Available online: https://thatkimparker.medium.com/most-artists-are-not-making-money-off-nfts-and-here-are-some-graphs-to-prove-it-c65718d4a1b8 (accessed on 22 April 2021).

	



Bailey, J. 2020 Art Market Predictions. Available online: https://www.artnome.com/news/2020/1/27/2020-art-market-predictions (accessed on 23 April 2021).

	



Halperin, J.; Kinsella, E. The “Winner Takes All” Art Market: 25 Artists Account for Nearly 50% of All Contemporary Auction Sales. Available online: https://news.artnet.com/market/25-artists-account-nearly-50-percent-postwar-contemporary-auction-sales-1077026 (accessed on 23 April 2021).

	



Art Basel. The Art Basel and UBS Global Art Market Report. Available online: https://www.artbasel.com/stories/art-market-report-1 (accessed on 23 April 2021).

	



Digiconomist. Ethereum Energy Consumption Index. Available online: https://digiconomist.net/ethereum-energy-consumption/ (accessed on 12 August 2021).

	



Cuthbertson, A. How Bad Are NFTs for the Environment? Available online: https://www.independent.co.uk/climate-change/sustainable-living/nft-environment-climate-change-crypto-b1835220.html (accessed on 27 April 2021).

	



DataLight Comparing Ecosystems of the Top 10 Crypto Platforms. Available online: https://medium.com/@datalightme/comparing-ecosystems-of-the-top-10-crypto-platforms-9e35b12938ed (accessed on 27 April 2021).

	



Fairley, P. Ethereum Plans to Cut Its Absurd Energy Consumption by 99 Percent. Available online: https://spectrum.ieee.org/computing/networks/ethereum-plans-to-cut-its-absurd-energy-consumption-by-99-percent (accessed on 16 May 2021).

	



Pipkin, E. The Environmental Issues with Cryptoart Will Be Solved soon, Right? Available online: https://everestpipkin.medium.com/but-the-environmental-issues-with-cryptoart-1128ef72e6a3 (accessed on 12 August 2021).

	



YCharts. Ethereum Transactions Per Day. Available online: https://ycharts.com/indicators/ethereum_transactions_per_day (accessed on 16 May 2021).

	



Cardano Foundation Making the World Work Better for All. Available online: https://cardano.org/ (accessed on 17 May 2021).

	



Chater, P. Which Blockchain Is the Most Sustainable? + 4 Other Questions the Art World Should Be Asking About Its Digital Carbon Footprint. Available online: https://news.artnet.com/sustainability/art-world-digital-carbon-footprint-1951483 (accessed on 16 May 2021).

	



Frost, L. Smart Contracts are Coming to Cardano This Spring. Available online: https://decrypt.co/62935/smart-contracts-are-coming-to-cardano-this-spring (accessed on 17 May 2021).

	



Ashworth, W. Solana vs. Cardano: Which Is the Better Ethereum Killer? Available online: https://www.nasdaq.com/articles/solana-vs.-cardano%3A-which-is-the-better-ethereum-killer-2021-07-13 (accessed on 13 August 2021).

	



Timperley, J. Why Your Banking Habits Matter for the Climate. Available online: https://www.bbc.com/future/article/20210126-how-you-invest-your-money-can-help-tackle-climate-change (accessed on 4 May 2021).

	



U.S. Energy Information Administration (EIA). Where Greenhouse Gases Come from. Available online: https://www.eia.gov/energyexplained/energy-and-the-environment/where-greenhouse-gases-come-from.php (accessed on 16 May 2021).

	



Donaghy, T. 8 Reasons Why We Need to Phase out the Fossil Fuel Industry. Available online: https://www.greenpeace.org/usa/research/8-reasons-why-we-need-to-phase-out-the-fossil-fuel-industry/ (accessed on 16 May 2021).

	



Sigalos, M. Bitcoin Mining Isn’t as Bad for the Environment as It Used to Be. Available online: https://www.cnbc.com/2021/07/20/bitcoin-mining-environmental-impact-new-study.html?fbclid=IwAR2tDz6kyXUhiFqZZWtn1elEwTdOAin3afvfEbE2NybNHx8Ss2INwcwkdCs (accessed on 14 October 2021).

	



Calma, J. The Climate Controversy Swirling around NFTs. Available online: https://www.theverge.com/2021/3/15/22328203/nft-cryptoart-ethereum-blockchain-climate-change (accessed on 13 August 2021).

	



Chambliss, J.C.; Svitavsky, W.L.; Fandino, D. Assembling the Marvel Cinematic Universe: Essays on the Social, Cultural and Geopolitical Domains; McFarland: Jefferson, NC, USA, 2018; ISBN 978-1-4766-3285-8. [Google Scholar]

	



Jin Jin on Twitter: “6/ We’re now Immortalizing Our Myths (Art + Memes) onto an Immutable Public Ledger via NFTs. We’ll Start Seeing More 3D NFTs and Other File Types Soon”. Available online: https://twitter.com/dankvr/status/1426955992135307276 (accessed on 27 August 2021).

	



Peckham, E. A Multiverse, not the Metaverse. Available online: https://techcrunch.com/2020/02/25/virtual-worlds-intro/?guce_referrer=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnLw&guce_referrer_sig=AQAAANOQPtdxnkKon468ohY3Fj0HvHwbHIVNlConAIVxYuunqRL-j9aj8eLXLoJOEFxSMV6cTy82nMglKQedwcSGT0o6vam0kI2Ds6eL-JCSlcN19xE5N2pDbXL3j9Pc4fOoHx4DudSQ105-HWzoSmo2si8ODB8jodlvNqim_efkKm6R&guccounter=2 (accessed on 27 August 2021).

	



Cryptovoxels. Buying NFTs in a Virtual World. Available online: https://blog.cryptovoxels.com/2019/05/13/buy-nft.html (accessed on 27 August 2021).

	



Digital, C. Displaying NFT Art Collections inside Virtual Galleries. Available online: https://www.one37pm.com/nft/art/nft-art-virtual-galleries-decentraland-cryptovoxels (accessed on 27 August 2021).

	



Wilkinson, M.D.; Dumontier, M.; Aalbersberg, I.J.; Appleton, G.; Axton, M.; Baak, A.; Blomberg, N.; Boiten, J.-W.; da Silva Santos, L.B.; Bourne, P.E.; et al. The FAIR Guiding Principles for scientific data management and stewardship. Sci. Data 2016, 3, 1–9. [Google Scholar] [CrossRef] [PubMed]

	



Jain, R. Internet 3.0: Ten problems with current internet architecture and solutions for the next generation. In Proceedings of the IEEE Military Communications Conference MILCOM, Washington, DC, USA, 23–25 October 2006. [Google Scholar]








[image: Applsci 11 09931 g001 550] 





Figure 1. Ethereum average transaction fee in USD (YTD). 
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