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Abstract. A lot of research has been done on the debatable role cryptocurrencies
can play in developing countries; in this paper we look from a different angle
at NFTs. We believe that NFTs, especially with MetaVerses, came as a bless to
nations with ancient heritage that attract tourists. Online tourism existed from the
year 2000, and nowadays with COVID-19 travelling restrictions along with the
advance of VR/AR/XR museum tours many projects are there and gained satisfac-
tion. In this paper we propose and analyze the merit of adding the NFT component
to this recipe; NFTs of museum pieces can be sold for money, and NFT games
can be made based on historical stories or famous characters. There is also the use
of NFTs inside Metaverses whether by selling country original NFTs on existing
ones like brands do, or by building special Metaverses of ancient civilizations
and places like the Red Sea with its rare coral reefs; we trace similar starting
projects around the world. Then we discuss the challenges and design decisions
involved in the development cycle of such projects, including Blockchain choice,
auction & pricing mechanisms, economical analysis; also NFT copyrights prob-
lems and Metaverses security risks along with the newest available and under
research solutions. We end the journey with the conclusion that NFTs & Meta-
verses can monetize the country’s heritage without selling the physical assets, and
will promote research and education of human resources as a bonus advantage.

Keywords: NFT - Metaverse - Blockchains - tourism economics -
cryptocurrency - security & privacy - developing countries

1 Countries and Cryptocurrencies

With the emergence of cryptocurrencies, especially at the prices rise up time of Bitcoin
and Ethereum, a lot of developing countries thought that mining crypto can provide
them with an economic boost like it enriched some people [1]; many voices inside
developing countries see crypto as a gate to escape poverty and connect equally with the
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developed world [2] and thus encourage governments to do so [3-5]1. As for developed
countries the USA, which was the origin of Bitcoin & Ethereum, there are more than 8000
Bitcoin ATM by the end of 2020 [6]; the government of Fort Worth in Texas did started
mining recently [7]. Other countries created their own digital currency [8]; from the
middle east Tunisia created eDinar2, according to [9], Egypt, UAE, and Israel had some
thoughts. Then with the popularity of individuals usage of cryptocurrencies, where there
are no law regulations along with the anonymity nature of blockchains could hide a lot
of money laundering, criminal, or against-government activities, a lot of governments
became repulsive and took an offensive position against cryptocurrencies [10° —12].
Other countries took a conceptual risk by adopting Bitcoin as their main currency which
led to dramatic losses [13, 14]. In fact, most of the described experiment failure reasons
contradicts with the Financial Inclusion incentives described in[2]; dealing with digital
wallets is not easier than holding bank accounts, and doesn’t necessarily measured by
possessing smart phones. All those economic factors on developing countries have been
studied extensively in the literature [2, 6, 15, 16]; a side note in [17] about “currency
inconvertibility problems” between African countries that plagued trading for long times
and could be solved by using a cryptocurrency, is worth mentioning. We here clarify
that all the above is not the scope of this paper, we avoid those controversy risk vs return
crypto usages, and concentrate on different cultural and entertainment uses of NFTs
[18] that will be detailed in what follows.

2 Countries and NFTs

In November 2021, a European Parliament report about NFTs [19] stated that “NFTs
might act as a boost to support the creator economy. NFTs are highly innovative technolo-
gies, with a clear market value proposition, which might nurture a new techno-cultural
movement. It is recommended that the EU supports NFTs through European projects
aimed to promote culture, arts, and youth creativity. Generally, a clear European policy
regarding NFTs will support entrepreneurs to choose EU member states as their base,
while supporting the creation of new jobs in the EU”. In this section we will explore
different countries and institutional uses of NFTs.

' We even believe the electricity needed for crypto mining in Ethiopia may have changed
the valuation of different cards in the Game Theory model of the Nile Basin conflict
of interests towards GERD at some moments; agriculture water was the most important
in the introduction of (https://www.academia.edu/15471274/A_Game_Theory_Approach_to_
Understanding_the_Nile_River_Basin_Conflict), while electricity is the dominant factor in
recent statements (https://twitter.com/FdreService/status/1557674864454078464).

2 We found conflicting news about Tunisia: a negating fact checking site (https://misbar.com/en/
factcheck/2022/05/25/tunisia-did-not-pioneer-the-use-of-cryptocurrency-and-blockchain), the
early launching of eDinar (https://cointelegraph.com/news/tunisia-to-launch-e-dinar-national-
currency-using-blockchain), the Finance minister statement: (https://www.coindesk.com/pol
icy/2021/06/14/tunisian-finance-minister-says-bitcoin-ownership-should-be-decriminalized/).
However, this is beyond the scope of this paper focusing on Egypt.

3 Malaysia didn’t prevent trading, only mining & what they described as illicit activities (https://
www.malaymail.com/news/malaysia/2022/02/21/malaysias-illegal-crypto-mining-reaches-
an-all-time-high-in-2021/2042862.)
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Existing governmental and institutional uses of NFTs include holding health or
educational records. Ethiopia 5 million child educational NFT records on the Cardano
Blockchain is an example [17, 20, 21] list different universities and professors in USA,
China, and South Korea that use NFTs to hold students results; the first DeFi MOOC
course offered by Berkeley University in Aug 2021 has just offered students success
NFT badges [22].

The use of NFTs to collect donations money has been widely adopted by NGOs and
universities [23-25], and even countries recently [26]. There were some rejecting voices
from environmental activists earlier [27] due to the carbon inflation environmental harm
from the very high energy consumption in Proof of Work (POW) blockchains, however
this has not become a problem anymore. Lately, a Crypto Climate Accord has been signed
which seeks to decarbonizing the cryptocurrency and blockchain industry and achieve
net-zero greenhouse gas emissions by 2040 through different solutions [28]. Proof of
Stake (POS) blockchains with their low energy consumption is the current dominant
solution; in 2021 [29] conducted a comperative study of energy consumption between
POW blockchains, different POS systems and more. As for now in 3rd quarter of 2022,
Cardano [30] and Solana [31] are well known of their low energy consumption, also
Ethereum, the first Blockchain to deploy NFTs, will soon (6 Sep) perform Ethereum
L2, POS, merge phase that is said to consume 99% less energy [32]; a longer list of the 10
most Eco-Friendly blockchains can be found in [33]. So we go forward on our proposed
variety of applications, with a clear conscious towards environment and climate change.

3 NFTs Profitable Uses

Now let us span the NFT well known commercial uses, as the main purpose of this
paper is to propose money rewarding solutions especially for Egypt. The PWC global
entertainment and media outlook 2022-2026 [34] reports a 10.4% increase in 2021
revenue, and expects it to reach US$3tn in 2026; a section was dedicated to NFTs
$55bn* exchange in 2021 featuring it to put more power in creators hands (what most
youth love about the crypto world in general). From Blockchain specific analytical sites,
glassnode [35] reported a $100m NFT trading in OpenSea in just the early days of
Aug2021, also the Axie Infinity NFT game market cap have risen in July 2021 from
$200m to $2bn. Examples for celebrity NFTs the Johnny Depp NFT collection “Never
Fear Truth” selling has made about $300—400K (an average price of 0.8 ETH each) after
his famous trial [36], and Nelson Mandela “My Robben Island”.

Musicians, and similarly football celebrities [37], use NFTs as a form of trading
digital copies, posters, or what could be similar to baseball cards; where people, specially
youth, naturally buy excessive amounts from those things in cheap to moderate prices.

4 18] says that NFTs trading volume in 2021 is only $17 bn, but maybe this because PWC
number may include repeated selling as they stated in in their report, also “Non Fungible”
recorded a potential decrease in the 2022 NFT quarterly report (https://nonfungible.com/rep
orts/2022/en/q2-quarterly-nft-market-report) mainly due to the noticable fall of crypto prices,
we believe this will not destroy our case since we are targeting tourists and Egyptology fans
not for FOMO (https://www.spiceworks.com/tech/innovation/guest-article/the-future-of-nfts-
is-fomo-the-best-business-model/); will be explained in more detail later in the paper.
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The business nourished at first by those who looks for everything new, for those who are
nostalgic about rare old records [38]; and finally as cases mentioned in the same reference
because public figures are used to internet copyrights concept to prevent impersonating
them or stealing their material. In addition, NFTs have evolved to add more features
to attract target customers like adding some bonuses or special rights to their buyers,
to benefit their issuers like royalty that gives the the celebrity a ratio of each resell
value,.....etc. The tactics of sometimes selling and sometimes giving free air drops of
such NFTs, the feel of fairness, the proof of identity techniques (proof of personhood) to
prevent monopoly possession of free drops, and more issues are summarized in Vitalik
Buterin blog [39].

The popularity and profits from such uses encouraged educational (Yale University
in June 2021 [40]) and cultural (Russian museum in July 2021 [41])° institutions to
gain money through NFTs as a mean of digital copyrights. An NFT of a rare first-
edition printed copy of the US Constitution was sold in November 2021 at $43.2m
[42]; recently the White House Historical Association is also minting NFTs through
Iconic Moments [43]. [44—46] consolidate and discuss around the globe museums NFT
selling experience, while [47] is a webinar debating the subject; [48] is an interview
discussion by Los Angeles museum with a computer scientist from UNCOPIED; the
article is interestingly featuring an NFT of an Egyptian piece in the museum. Although
halted at the moment®, in 2018 some Italian museums and galleries signed a 5 year deal
with Cinello.com company to create DAWs (Digital Art Work) which are much more
expensive 3D encrypted digital objects, and usually accompanied with a minted NFT
on the Blockchain [49] that could be viewed as a new piece of art itself; in 2019 DAWs
were used instead of real pieces in Leonardo da Vinci’s exhibition in Saudi Arabia [50].
To our knowledge, UAE is the pioneer Arab country in the field of NFTs; since the
beginning of 2022 museum NFTs have been launched tioned [51], and governmental’
NFTs had been minted by Dubai police department twice; their enthusiasm to Metaverse
is no less with $54m investment aiming to $4bn gains by 2030[52]. The producers of the
Squid Game, South Korea, has dedicated $200m for Metaverses projects [53] including
culture and tourism. In fact, several projects have already started to build museums

5 The Russian Central Bank consultation paper Aug2022 is described as a blanket ban
(https://www.cbr.ru/Content/Document/File/132241/Consultation_Paper_20012022.pdf) and
this doesn’t prevent or contradict with the NFTs selling, the same stands for China banning
mining & trading while supporting crypto research, Blockchain conferences, and Museum
NFTs. In addition Russia has another problem with most of the crypto community taking
the Ukrainian side (https://cointelegraph.com/news/crypto-community-reacts-to-russia-s-war-
in-ukraine), collecting donations for them [26], and calling to ban Russian TXs (https://blog.
chainalysis.com/reports/cryptocurrency-liquidity-russia-sanctions/), this naturally is expected
to affect the Russian government strategy towards crypto.

6 The Italian government found out that Uffizi Gallery got only 70,000€, about 30% of the selling
price, because the DAW creation costed 100,000€, see (https://www.museumnext.com/article/
italian-government-halts-museum-nft-sales/). However, we don’t know about the 2019 Saudi
Arabia and 2022 exhibitions profits.

7 1n fact UAE government has a stated policy about it in their official website https://u.ae/
en/about-the-uae/strategies-initiatives-and-awards/local-governments-strategies-and-plans/
dubai-metaverse-strategy.
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Metaverse that combine NFTs, and games in learn & earn schemes to serve educational
and commercial purposes. The Morpheus project [54] is one of the earliest (starting
2019) and the largest with the collaboration of many international entities, Vastari Labs
is running another [55]; [56, 57] covers those and more different projects that follow the
same approach.

4 The Egyptian Case

In light of the above, we propose in this paper different NFT lines of use for Egypt,
mainly in heritage-based projects, that we believe may have a considerable impact on its
economy. In fact, if the government didn’t do it someone else will; there exists already
Egyptian heritage inspired NFT games [58] done by non-Egyptians, even the egyptian
women in debt donation NFT's was originally created by Horizon FCB Dubai [25].

In fact Egypt was one of the countries poineering online tourism; an international
golden medal in 2000 prove it [59] as documented by a remote tourism USA located
EgyptTours company founded 1996; a joint project was launched in 2007-2013 to
archive the Mediterranean Heritage [60], and gained a lot of satisfaction. As for the NFT
market taste, a PhD study named crypto connections project let users freely mint an NFT
from whatever they felt spiritual connection with in Liverpool museum [61]; the fact that
one of the users chose the Egyptian Book of the dead from all existing pieces, reveals
that there is a market for Egyptian NFTs. So, we believe it is time due for Egypt to step in
this full of magic varieties empowering creators NFT world and start its own large scale
projects; there are eneromus number of ancient pieces, sights, rare coral reefs that can
be sold as NFTs with different prices according to value. There are also scientifically
valuable Egyptology digital images (like mummies CAT scans, and Pyramids inside
angles,..) which can be made as DAWs and rented to scientific gatherings or sent in abroad
exhibitions. Historical legends and stories from different eras can be used to create tons
of games; joining NFTs with Metaverse can reach even more higher domains. If recent
research-based virtual museum tours has gained such satisfaction [62, 63], especially
with recent pandemics and other factors that promote remote tourism activities, then
different ancient eras and temple Metaverses, red sea navigation between colored fishes
and rare coral reefs are expected to gain more for having more user interactivity and
role varieties. Hence, such Metaverses can be designed on commercial basis, not just for
educational purposes as mentioned in the first few lines in [64]. In addition, based on
the popularity of Egyptology fans real life activities [65], virtual historical clothes and
jewelries from different eras can be traded as NFTs inside different existing Metaverses
in a similar way to fashion brands NFTs [66—-68]. A team of 42 authors surveyed the
Metaverse possible research areas in [69], while the Current economy volume and Future
estimates were discussed thoroughly in the World Economic Forum 2022 [70, 71], along
the debatable need® [64, 72] and different uses of NFTs and Blockchain technology inside

8 In [64] Stanford University professor Jeremy Bailenson explains why he thinks Metaverses
can exit without Blockchains using a 2003 project called “Second Life” with 70m registered
accounts till now; this 2016(before NFTs) paper (https://www.sciencedirect.com/science/art
icle/abs/pii/S026840121630175X) supports his point proposing a Metaverse deployment plan
with no Blockchains.
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it [72, 73]. On 28 June, the European Parliament research service (EPRS) organized a
round table discussing “The Metaverse: a unique opportunity for innovation and growth —
or a dangerous ‘parallel reality’?”, a note was released followed by a more recent paper
[74].

5 Issues, Challenges, and Design Decisions

Naturally, these fancy financially promising projects comes with some design and imple-
mentation issues and problematic areas that remains a subject of research; things that
must be studied and design decesions, the network and infrastructure needed to imple-
ment them should also be studied. Figure 1 is an example roadmap from the Morpheus
project [54].

Fig. 1. Morpheus project time phases

o Network Readiness:

For a start let us agree that any investment in enhancing the network and internet
infrastructure in Egypt, or any country, will be beneficial for many sectors in the country
not just what we propose in this paper; ie, it’s always worth it. Articles in [13, 14]
concludes that network readiness problems was the main failure element for El Salvador
Bitcoin adaption, going back to table3 in [15] network readiness in Egypt was scaled to
be 38.58%, while El Salvador’s was 37.27%. However, network facilities required in
cryptocurrency adoption is not necessarily the same as for minting NFT's or implementing
games and Metaverses; the target customer here is abroad tourists and thus what we care
most about is to cope with the most advanced network speeds and capacities of people
with high tech capabilities to spend hours in Metaverse worlds without being bored of
low download or having fears of trojan horses attached to the software. Finally like El
Salvador minister said in [14], adding a crypto payment option increased their USA
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tourists by 30% from youth generations who only use crypto money, thus we expect
that adding NFTs and Blockchain technology to whatever remote tourism activity the
government plans to do, will add a ratio from people who pay online only through crypto
wallets.

e Developers and team qualifications:

There are many sites that facilitate minting NFTs without much coding experience,
still Egyptology experts and tourism economics experts need to be there to decide what
to mint and in what floor price. However, designing NFT games or Metaverses that use
NFTs and Blockchain technology does need programming experience; see [75] for an
example of developing an NFT game, while [76] is a post graduate students experience in
learning the technicalities of minting an NFT. We believe this is not much of a problem,
Egyptian universities graduate no less than 4000 qualified students every year”; regarding
virtual tours, the samples in [60, 63, 77] are done by Egyptians, with the first project
starting as early as 2007 and keeping an open source framework available for interested
developers [78]. In any case, training generations to code smart contracts and design
games or Metaverses increases the country human resources. Artistic and creativity
drawing will be needed to inspire from the history, and Egypt do not lack cartoon
designers or applied arts faculties. Also, lawyers with enough information technology
skills, and DeFi knowledge will be needed at some stage to review the terms in the
contract deals (recall the Italian case), and formulate the necessary usage regulations.
The study in [15], as a peer reviewed study, has scaled Egypt Human Development
Index (HDI) as 0.707 and Education to be 0.618, both in a 0 tol scale.

e Blockchain Choice & Design decisions

There are a lot of existing Blockchains each with certain features and characteris-
tics; countries do thorough studies and examine different aspects and deal proposals
before choosing to mint their NFTs on a certain Blockchain. Examples from the above
are El Salvador choice of Bitcoin, Ethiopia choice of Cardano, and Dubai choice of
Ethereum; Appendix A is a table consolidating different choices of museums and cul-
tural entities. Factors that affect such choice include transaction fees [76], popularity
of the network, being un-forkable'?, energy consumption and eco-friendly (Tezos were
chosen by WitWorth art Gallery for that [79], Palm, and Algorand by others). Other
design decisions include off-chain NFT data storage [80], available auction mechanisms
and whether it would be possible to divide the NFT ownership into stakes that could be

9 12011 Computer&Information Sciences graduated 2643 4+ 1383 Computer Engi-
neering (https://censusinfo.capmas.gov.eg/Metadata-ar-v4.2/index.php/catalog/447/download/
2411), more faculties opened since then; there’s also governmental training (https://www.iti.
gov.eg/iti/home) & presedential initiative (http://www.epmp.gov.eg/Default.aspx).

10 Blockchains fork (the append-only ledger splits into separe two ledgers with one parent block,
the last one before the fork) when the decentralized community majorly disagrees, like Bitcoin
cash and Ethereum classic. After forks the data state on-chain and off-chain would may be
inconsistent (https://dl.acm.org/doi/10.1007/978-3-030-95391-1_1).
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traded separately'! to sell the NFTs, security guarantees; interoperability between differ-
ent Metaverses, liabilities and defining responsibilities in an interactive user empowering
environment as Metaverse, were some of the issues pointed out by the EPRS paper [74].

o NFT Copyrights and IP rights

As the NFT community which was initiated mainly by enthusiased youth gradually
matures, it started to recognize and define different copyrights for different NFT types;
there are edit rights, intellectual rights, resell rights, royalty rights for original owner
resell profit ratio, buyers group membership rights, and IP copyrights [81]. Buyers also
sometimes are confused and sometimes get, or feel, decieved about they actually bought
[82, 83]. [84] is a starting project offering ‘Can’t Be Evil’'? alpha version NFT licences
smart contract (CantBeEvil.sol)'3; the team contains legal consultants too. In general,
governmental scale projects should make carefully thought choices about each NFT kind
they sell and be clear to their customers. For example, one may expect rare heritage NFT
photos should have the same rights as physical pieces sold in international auctions with
additional country’s royalty ratio from any resell, while memorial moderate to cheap
NFTs may be user editable, maybe royalty rights from using the NFT in media clips or
shows, and maybe buyers benefits like bonuses or discounts on tours, also Metaverse
NFTs could be rentable (not just sellable) to be worn in a certain Metaverse world
gathering.

e Security & Privacy, Data Protection

It’s expected that any virtual or augmented reality application will get some infor-
mation about its users that will increase with like the dimensions of the room they’re
in, their figure shape, arm length or strength,...etc. all these information are used by
the application [85]; naturally a complete Metaverse world with clothes and accessories
to be worn will know more about its users [86, 87]. For those threats and more many
voices claim blockchains are essential to Metaverses; blockchains provide cryptographi-
cally secure transactions and authentication. Meta Guard is a recently proposed solution
[88], where techniques we could relate to differential privacy that protects people privacy
when gathering statistics, or to obfuscation that is sometimes used in web browsers [89]
or blockchains to hide transactions details or smart contract codes [90], by mangling
different users data so none is revealed, or injecting random data is in each user data; see

11 See (https://youtu.be/SWplGsmyF2A) for a securitization and repurchase scheme for shared
NFTs based on Stakelberg game model, (https://timroughgarden.github.io/fob21/reports/
r2.pdf)for constraints/goals and impossibility results in designing an optimal NFT auc-
tion, and (https://al6zcrypto.com/nft-sales-market-clearing-gas-wars-auction-mechanism-des
ign-for-builders/) for a very recent follow up on [39].

12 As cited in [84], the name is a guiding principle in web3 (https://twitter.com/OnChainBuild
ers/status/1554591962182946816) as a follow up on the ‘don’t be Evil’ Google popularized
slogan ( we are not asking you not to be Evil, we will prevent you, https://twitter.com/milesj
ennings/status/1564991866340184065?s=20&t=40UgFzrjtd]JSDIK6KkW_LA).

13 The smart contract is written in Solidity; ie, for Ethereum NFTs but they will extend the project
later to include other blockchains.


https://youtu.be/8WpIGsmyF2A
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the original paper [91] for the details and the trade offs. We have to know also that NFT
different attacks are still there and have to be dealt with [92]. In general, users should
feel more confident to buy or get into authorities backed NFTs and Metaverses, and thus
states are expected to design more robust and cryptographically secure applications. A
merit or advantage which could be promoted is that parents should feel more safe for
their children to spend time playing and learning history at the same time (learn & earn
concept) in governmental backed games and metaverses, with the all going talks about
a massive number of risky games and expectedly future metaverses around.

e Regulations & Liabilities

In any case, countries ought to decide on larger scope regulations for NFTs and
cryptocurrency trading. In addition the EPRS paper [74] pointed out in its paper to
the necessity of defining responsibilities in data sharing between different Metaverses
and the challenge of allocating liabilities in an often overlapping roles environment as
Metaverses; what the PWC [34] described as “empowering users” feature. Meaning that
this users attracting feature that gives them the power to be creative and make their own
rules, will make it harder for regulators to separate such overlapping roles and define
responsibilities when something wrong happens. So, if governments will design their
state backed Metaverses, they have to be more cautious in defining user capabilities
and constrains inside the Metaverse without being so repulsively constraining them.
Also governments will have to make their own regulations that NFT buyers should
obey, because users are expected to be from different countries and there’s no unique
international law till now.

e Economical Decisions & Analysis

Many studies and discussions are there in the literature about NFTs risk & return
analysis [93, 94], and more is expected to evolve about Metaverses. However, we believe
this can’t be considered enough to judge the proposed tourism applications; the analysis
should be done in a case by case basis, where the people passion about the NFT or
Metaverse subject is a correlated variable. The target customers willing to pay amount
should be studied with the project cost to determine fees and prices. We have virtual
museum tours prices as a starting guide [95], then [96] is an example of a recent (April
2022) marketing study on metaverse’s potential audience focusing on the specific case
of museums Metaverses. Decisions may include what to sell and what to use as an
advertising promo or free NFT drops, the geo distribution of free drops in correlation to
tourists ratios, how to assess customers satisfaction (performance metrics) and use it as
a feedback to enhance the Metaverse or game. DAWS as being more expensive to create
should be done according to prior selling or renting demands, along with a comparative
study of using them in abroad exhibitions instead of real pieces (less transformation cost,
needed guards,...etc.). Existing literature examples for analyzing the economic potential
of virtual tours and other factors during COVID-19 are [97, 98], with [97] focusing on
Egypt although done in Oman; while [99] is a forecasting study using neural networks.
Note that NFT royalties profit can help in measuring Market preferences as will be
explained shortly.
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6 NFTs.. The Concept, and Technical Details

This section gives the necessary scientific background to understand NFTs from the
developers view.

6.1 The Conceptual Meaning of an NFT

The term NFT stands for Non Fungible Token, and was first introduced then standardized
by the Ethereum foundation in Jan 2018, to represent, and hence trade, uniquely identified
items through transactions in the Blockchain [18, 100]. The term Token is adopted from
Systems Programming where it refers to the item currently processed by the parser of a
programming language compiler; tokenizing an item in Blockchain terminology means
allocating a storage type to it and define the necessary interface functions to be processed
in smart contracts code and thus transactions. In Ethereum, NFTs are represented by the
ERC-721 token type as opposed to the original ERC-20 token type representing fungible
tradable money'#. ERC-721 evolved in the year 2017 through Cryptopunks then the
famous Cryptokitties game [18] till it was standardized by EIP-721, because those items
needed more data attributes to be attached to them, like Metadata, and different interface
functions to handle them [101].

The fungiblility of currency in general, whether fiat or crypto, means money is only
identified by its value; even in fiat currency, people normally do not care about its serial
number unless there’s an authority tracing investigation. On the other hand, your ticket
seat for example is unique and have a unique time date & seat position, even though there
could be many tickets with the same price. See [102] for a law suit example illustrating
fiat currency fungiblility, and to understand that even UTXO-based blockchains treats
cryptocurrency as fungible.

6.2 Implementing NFTs in Different Smart Contract Blockchains

Ethereum was the poineer Blockchain in introducing and massive usage of NFT's through
two standard token types ERC-721 and ERC-1155, however most current blockchains
like Solana, Flow, Cardano, Algorand,... Offer standard handling of NFTs. In fact they
had a chance to be explored and nourish when Ethereum transaction gas fees became
too high! for gamers and artists at the early days of EIP-1559. It’s merely like handling
different abstract data structures, Fig. 2 [81, 103], in different programming languages,
where each blockchain has a different smart contracts coding language; examples are

14 Another token type is ERC-1155, which is used to represent a collection of mixed tokens
to simplify batch processing in one smart contract (https://eips.ethereum.org/EIPS/eip-1155).
There are more improvement proposals to be discussed in (https://eips.ethereum.org/EIPS/);
examples in pp.30-31 of [19].

15 Reached a max of 196% in May 2022, but back to 1.57$ average (https://cointelegraph.com/
news/ethereum-average-gas-fee-falls-down-to-1-57-the-lowest-since-2020), and still (https://
news.bitcoin.com/ethereums-post-merge-transfer-fees-remain-low-since-mid-may-high-pri
ority-eth-fees-are-93-cheaper/), although an extreme was reported for an NFT recording the
merge  (https://www.theblock.co/post/170278/an-nft-minted-after-the-merge-cost-60000-in-
transaction-fees).


https://eips.ethereum.org/EIPS/eip-1155
https://eips.ethereum.org/EIPS/
https://cointelegraph.com/news/ethereum-average-gas-fee-falls-down-to-1-57-the-lowest-since-2020
https://news.bitcoin.com/ethereums-post-merge-transfer-fees-remain-low-since-mid-may-high-priority-eth-fees-are-93-cheaper/
https://www.theblock.co/post/170278/an-nft-minted-after-the-merge-cost-60000-in-transaction-fees
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Solidity in Ethereum, Rust in Solana, Cadence in Flow. [76] is post graduate students
report describing Ethereum’s Solidity to be as abstract as Python, while developing on
Solana’s Rust to be similar to programming in C. A detailed thorough comparison of
different NFTs standards may extend to a complete technical report, graduation project,
or thesis, and we believe it is recommended to be done if Egypt is to go forward in
implementing the proposed ideas; see sec.2.2 in [19] for a condensed survey. Other than
coding methodology, implementations differ on how Metadata is handled and stored,
what do they contain [104], where the original NFT image itself is stored [80], how batch
minting is handled in one transaction to save gas fees, what cryptographic functions and
techniques are used, how royalties are handled to trace original owner with a certain ratio
with each resell. We will suffice here with a brief few remarks and terminologies to make
things clear; we also selected an NFT learning example diagram from OpenSea.com in
Fig. 3, more with different implementations are included in the Mandiant report [80].

Technical Anatomy of an NFT Metadata.json Q

sert_policyID_here": {

: ]
ERC-721 Token H ion": "This is my first NFT thanks to the Cardano
Contract address Cardano foundation NFT guide token"

Creator
Token id
Token URI "image": ""

(@) (b)
Fig. 2. (a) abstract anatomy of NFT [81], (b) example NFT JSON [103].

Fig. 3. An NFT with it’s ERC-721 and metadata (OpenSea)

Metadata

The term means in general data about data; ie, data needed to identify or classify the
stored data. This is an optional extension in Ethereum ERC-721, and a must in Cardano;
usually contains name, symbol, URL, description of the NFT, could contain thumbnail
image,.... Blockchains may differ in the way Metadata is stored, because it would be
expensive to store all the metadata about every NFT on the Blockchain. Such details
should be part of the Blockchain choice decision depending on the usage purpose;
for example the cryptographic hash in Cardano metadata make it more suitable for
identity and traceability management [103, 105], the flexibility and continuous evolve
of Ethereum make it more popular in Game NFTs.
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Where’s the NFT Physically Stored? In addition to the Blockchain token, and the
metadata, the digital image representing the NFT has to be stored somewhere. NFT's
could be stored in a centralized server like the Amazon CloudFront, or in a distributed
peer-to-peer networks like the InterPlanetary File System (IPFS) and more recently
arweave.org which is a permissioned Blockchain'®; [80] goes through all such methods
and the data availability risks and loss incidents in each, while [106] proposes a sim-
ilar side Blockchain solution named StateSnap, [104] also suggests data blockchains
proliferation. We in this paper think this decision should be carefully studied, since the
incidents in [80] include a penetration to a US state government server.

The Enumeration Extension in Ethereum allows an NFT issuer contract to publish
its full list of NFT's and make them discoverable. Solana [76, 107] has the candy machine
to mint multiple NFTs, and the Gumadrop to give NFTs to a large number of users through
the use of Merkle trees [108]. Cardano also allows the mint of multiple NFTs in one
transaction.

Royalty

Used to retain a profit ratio to the original creator from every resell, a property that is
considered useful for art creators; could be used similarly by countries or museums for
their NFTs. The Whitworth for example has decided to retain 20% royalties from its
minted NFTs; this means that the gallery will earn an extra revenue from every resell
along with the statistical benefit of reading the market preferences and resulted variation
in price of its NFTs [109].

6.3 Implementing NFTs in Bitcoin

Although NFTs got their popularity through Ethereum, historical surveys relate NFTs to
as early as 2012 colored coins in Bitcoin [19]. The problem with implementing NFTs in
Bitcoin does not support smart contracts; however more functionality is possible through
lightning networks and side chains. Typically a transaction with minimum possible BTC
value, dust UTXO, moves the action to another side chain (Bitcoin pegged blockchain)
where the NFT is minted or processed in any way [110]. A lot of Bitcoin NFTs providers
are given in [111]; in fact this could be one of the reasons behind the increase of dust
UTXOs in Bitcoin lately!”. It’s also worth mentioning that Cardano too as a UTXO-based
blockchain, and in spite of providing coding capabilities, needs a 1.4 ADA minimum
value UTXO in each transaction minting one or possibly multiple NFTs [103]. Supporters
of Bitcoin NFTs say that it is more robust and safe for users to mint their NFTs on a
Bitcoin empowered Blockchain than on a newer one that may disappear or fork after
sometime; however, we point out that Bitcoin remains a POW Blockchain for massive

16 Named Block-weave as stated in their light-paper, arweave is said to be deployed by Solana,
and Valuables which is a market place for NFTs of tweets screenshots.

17 Observing the most richest Bitcoin addresses daily (https://bitinfocharts.com/top-100-richest-
bitcoin-addresses.html), one can always find more than 10m addresses holding less than 2$.
Tracing UTXOs in the dustiest addresses (https://bitinfocharts.com/top-100-dustiest-bitcoin-
addresses.html) reveals another 10 m; ie., ~ 20 m dust UTXOs probably attaching side projects
to Bitcoin Blockchain.


https://bitinfocharts.com/top-100-richest-bitcoin-addresses.html
https://bitinfocharts.com/top-100-dustiest-bitcoin-addresses.html
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NFT minting plans. It’s also worth mentioning that buying other blockchains NFTs with
Bitcoin money is possible through tokenizing BTC into Wrapped token WBTC offered
by most DEXs which can be then traded or used as a collateral [110].

7 Conclusions and Prospectives

We aimed at this paper to study the potential of all NFTs uses as collectables, in
games, and in Metaverses uses to monetize heritage, ancient civilizations, and all tourism
resources for a country like Egypt. We wrote a Systemization of knowledge paper trying
to consolidate all what is there in the literature and in the internet as well. The hardest
part was sifting through a tremendous amount of information, deciding what was more
important to document in the big picture, and also doing it in a way that the deeper details
are accessible to the reader through the provided links and references. We conclude our
paper with recommending that Egypt, which started thinking of virtual online tourism as
early as 1996, should catch-up with the developed world and launch its NFT collections,
a number of learn, play, and earn history games and Metaverses as well; we proposed a
number of choices in this paper. We also touched on the security problems and different
design decisions involved in the development cycle of such series of projects. At the end,
we don’t say it is an easy task, we showed example similar project that planned a 3 years
roadmap, however we believe it is worth it. In addition to the impact of direct revenue
for a country in debt, there’s the advantage of digitaly archiving all the existing heritage
and whatever is under the threat of destruction or elimination; in fact the government
usually pay for that while here it will be a source of income. Also, we emphasize on
the beneficial impact of increasing the number of qualified Human resources; in 2022
Egypt Central Bank statistics Egyptians working abroad remittances added $31.9bn to
the country’s foreign currency balance which is much more than tourism revenue [112].
We believe such up-to-date Blockchain and Metaverse projects will promote research
and experience in all Blockchain, web3, and multimedia related fields; in a way it will be
alearn & earn process like that in existing museums projects. Every participant will have
to learn about Blockchains, DeFi systems, smart contracts coding; each implementation
problem or debatable design decision can start a scientific research thread, maybe a the-
sis or a graduation projecy. At the end, this will provide them with distinguished work
chances in a variety of applications, and will raise Egypt HDI & Education in studies
like [15].
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Appendix A

We tried to consolidate all musuems NFT experiments around the world with their
Blockchain choices and any necessary remarks.
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Museum/Gallery

Country

Blockchain

Remarks

Liverpool

England

Crypto Connections, free,
PhD study, “Book of the
Dead” NFT
https://jingculturecomm
erce.com/national-mus
eums-liverpool-crypto-con
nections/

British Museum

England

planning to switch to
Ethereum 2.0 POS

have been fiercely
criticized for corporate and
private philanthropy linked
to fossil fuels, planning to
switch to the Ethereum 2.0
blockchain
https://rga.com/futurevis
ion/articles/new-nft-ser
vice-industry-courts-cul
ture-amid-controversy

State Hermitage

Russia

Binance

https://cointelegraph.com/
news/russian-state-hermit
age-raises-440k-via-bin
ance-nft-auction

Uffizi Galleries &
8 more

Italy

Ethereum

DAW s, Cinello
https://news.artnet.com/
art-world/unit-london-dig
ital-artwork-2074552

the Belvedere

Vienna, Austria

planning to switch to
Ethereum 2.0

did receive some negative
comments around
sustainability issues
https://rga.com/futurevis
ion/articles/new-nft-ser
vice-industry-courts-cul
ture-amid-controversy

WitWorth &
Manchester Srt
Galleries

England

Tezos
https://tezos.com/

Vastari Labs
https://blooloop.com/sus
tainability/news/green-
nfts-sustainable-museum-
technology-greenloop/

Aspen Museum

USA

Palm
https://palm.io/

https://www.ft.com/con
tent/76cacb9e-ba20-44e7-
9ced-f570553af5el

Data History
Artifacts Museum

NY-USA

Algorand

https://www.binance.com/
en/news/top/7038222
https://museum.datahi
story.org/about

(continued)


https://jingculturecommerce.com/national-museums-liverpool-crypto-connections/
https://rga.com/futurevision/articles/new-nft-service-industry-courts-culture-amid-controversy
https://cointelegraph.com/news/russian-state-hermitage-raises-440k-via-binance-nft-auction
https://news.artnet.com/art-world/unit-london-digital-artwork-2074552
https://rga.com/futurevision/articles/new-nft-service-industry-courts-culture-amid-controversy
https://tezos.com/
https://blooloop.com/sustainability/news/green-nfts-sustainable-museum-technology-greenloop/
https://palm.io/
https://www.ft.com/content/76cacb9e-ba20-44e7-9ced-f570553af5e1
https://www.binance.com/en/news/top/7038222
https://museum.datahistory.org/about
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(continued)
Museum/Gallery Country Blockchain Remarks
Moco Museum USA Algorand https://mocomuseum.com/
mocoverse/
Himalayas India Re-NFT Shards https://renft-shards-pro
Museum Protocol tocol.medium.com/himala
yas-museum-created-the-
first-global-nft-artverse-
by-cooperating-with-renft-
shard-protocol-c3d04c
4b5430
Museum of The Dubai, UAE Ethereum https://jingculturecomm
Future erce.com/museum-of-the-
future-dubai-immersive-
superflux-marshmallow-
laser-feast/
Universal Hip Hop | Bronx-NY-USA Near Protocol https://afrotech.com/uni
Museum versal-hip-hop-museum-

nft-series

National Art
Museum of
Ukraine

Ukraine

In partnership with
Estonia-based startup,
STAMPSDAQ
https://www.ukrinform.
net/rubric-society/333
9822-works-of-ukrainian-
artists-could-be-purcha
sed-in-nft-version.html

St. Petersburg
institution

Russia

Binance

https://news.artnet.com/
art-world/guernica-tap
estry-un-returned-2069976

Shanghai Museum

China

Shangbo Chain

Made their own special
purpose Blockchain
https://jingculturecomm
erce.com/shanghai-mus
eum-museum-of-the-sea-
shangbo-nfts-blockchain/

England

DEN tokens
(a special purpose
Blockchain)

The Morpheus

A joint learn to earn
project

Metaverse + HOLO-NFTs
https://www.morpheus.art/
https://whitepaper.mor
pheus.art/

(continued)


https://mocomuseum.com/mocoverse/
https://renft-shards-protocol.medium.com/himalayas-museum-created-the-first-global-nft-artverse-by-cooperating-with-renft-shard-protocol-c3d04c4b5430
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https://afrotech.com/universal-hip-hop-museum-nft-series
https://www.ukrinform.net/rubric-society/3339822-works-of-ukrainian-artists-could-be-purchased-in-nft-version.html
https://news.artnet.com/art-world/guernica-tapestry-un-returned-2069976
https://jingculturecommerce.com/shanghai-museum-museum-of-the-sea-shangbo-nfts-blockchain/
https://www.morpheus.art/
https://whitepaper.morpheus.art/
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(continued)

Museum/Gallery Country Blockchain Remarks

IWM England
Imperial War
Museums

EPIC Ireland
The Irish
Imigration
Museum

The Hunt Museum | Ireland

MM
The Museum of
Menerology

Romania

Anglo-Boer War South Africa
Museum

UNHCR UN
The UN Refugee
Agency
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