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Abstract

A synthetic Central Bank Digital Currency (sCBDC) is a privately issued
payment instrument fully backed by central bank liabilities. GNU Taler is
a token-based digital payment system that offers a range of unique features
to its users, pairing ease-of-use with payment privacy and informational self-
determination. As it is Free Software, any retail bank can easily adopt the
technology to create an sCBDC, benefiting from its unique features and low
operational costs, while receiving risk-free interest rates from central bank
reserves. Our work introduces the concept and contrasts it with related payment
instruments.
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1 Introduction

This chapter will first give a definition of “tokens” inspired from their use in informa-
tion security. We will then give some background on GNU Taler, the free-software [17]
reference implementation of the Taler payment system, which uses digital coins, a spe-
cial type of token representing fiat currency ownership. [10] Next, we elaborate on the
requirements on synthetic CBDCs and how GNU Taler could be used to implement
one. Finally, we will discuss the advantages and disadvantages of this approach, and
compare it with existing alternatives, including so-called stablecoins and the proposed
design for the “Digital Euro”.



2 Definitions: Tokens and Nonces

Tokens represent units of value or rights to use a resource. In information security,
bearer tokens allow the “bearers”, that is anyone with knowledge of the token’s rep-
resentation, access to certain resources. Paper tokens are commonly used to represent
the value of a ride on a local public transport and stamping them grants the owner a
single-use ride after which the token is void. Nonces are numbers that are only used
once in cryptographic protocols to prevent replay attacks or linkability. Tokens can
also be nonces for the same reasons: the buyer of a ticket for some attraction (be it a
movie, bus or rollercoaster ride) is supposed to only use the token once (no replay),
but also no information should be retained that would link multiple rides to the rider’s
identity. Such nonce-tokens thus have a key advantage: they allow individuals to prove
that they have a right to certain resources without necessarily linking these rights to
a history of transactions or even their identity.

Checking one-time tokens requires validators to ensure that the token was issued
by the proper authority and has not yet been used. For digital tokens, the former is
straightforward by checking if the token carries a digital signature from an acceptable
authority. Preventing double-spending requires an online check at the time of the
transaction with a database that either tracks the numeric values of all tokens that
remain in circulation, or the numeric values of all tokens that have already been spent.

Our definition of tokens differs from the use of the term “token” as a unit of
value for some non-fiat currency in the context of ERC-20 tokens [27] and similar
technologies.

3 GNU Taler

GNU Taler is the Free/Libre Open-Source Software (FLOSS) implementing the Taler
protocol. FLOSS licenses grant their users the irrevocable right to (1) execute the
software for any purpose, (2) read the source code (defined as the preferred format for
making modifications), (3) make modifications to the source code, and (4) to share the
modified sources (and derived executables) with third parties. These conditions are
necessary for informational self-determination as otherwise the owner of the software
is put into a position to control the use of the software. In the context of critical
infrastructures, the use of FLOSS is a decisive factor for maintaining sovereignty. [25]

The Taler protocol uses coins stored in wallets by their owners in self-custody.
Such coins are both nonces and tokens: they are unique bit-strings, are used only in
relation to a single transaction, and have a fixed value due to a digital signature. They
are issued by the payment service provider called exchange. However, Taler coins are
not random bit-strings but have a slightly more complex token structure: Each coin
is made out of a public-private key pair, where the hash of the public key is signed by
the exchange. The private key is generated by the coin’s owner and never disclosed to
any other party. It is used to sign messages that authorize spending the coin.

When a wallet withdraws digital cash, they ask an exchange to digitally sign coins.
Tokens are signed by the exchange in return for an incoming wire transfer from the
respective customer. The wire transfer subject is used by the wallet to authenticate
for the withdrawal of the corresponding amount of digital coins (Figure 1). The Taler
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Fig. 1 Monetary flows in the Taler payment system. Value typically enters and exists the system
through wire transfers. A customer withdraws blindly signed tokens from the exchange. During pay-
ments, they stay anonymous towards the payment provider. Merchants deposit the tokens instantly
at the exchange and are thus identifiable.

protocol uses blind signatures [10]: Here, the wallet first blinds the token before sending
it to the exchange to be signed. The resulting signature is then unblinded, resulting
in a valid signature on the unblinded coin. These cryptographic operations performed
by the wallet prevent the exchange from learning the unique value of the coin being
signed. As a result, the exchange knows how many coins it issued, but does not know
which customer has which coin. When coins are later deposited, the exchange can
check its signature to determine that the coin is one that it issued, but it cannot link
the deposited coin to the withdraw process. As a result, customers are identified when
they withdraw funds, merchants are identified when they receive funds (enabling Anti-
Money Laundering (AML) compliance), but customers can privately spend digital cash
at merchants without these purchases being linkable to their identity.

A key difficulty with simplistic approaches to tokenizing assets is the need for
giving change. If tokens have a fixed value and are used only in one transaction, it
is not obvious how to ensure that buyers can pay arbitrary amounts with a small
number of tokens. GNU Taler’s refresh protocol provides a mechanism to efficiently
give unlinkable change [10] without negatively impacting other key properties of the
protocol.

GNU Taler has shown to support more than 25’000 transactions per second on
a single server with latencies dominated by a single network round-trip time with
negligible costs per transaction. [3] It can be safely used by merchants that are offline
and is available on a broad range of platforms (Android, Chrome, F-Droid, Firefox,
i0S, Ubuntu Touch, etc.). Integrations exist for various e-commerce solutions (Adobe
E-Commerce, Drupal, Joomla!, Magento, Pretix, etc.). The code for the complete
system and its integrations is publicly available under FLOSS licenses from https:
//git.taler.net/. Taler Operations is operating the GNU Taler payment system in
Switzerland. The company issues digital coins denominated in CHF in exchange for
wire transfers into its escrow account. The incoming funds are kept separate from the
company’s own assets and the business is not legally allowed to issue loans. The bank
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account is with PostFinance, which is also currently excluded from the credit and
mortgage business by law [26].

4 Synthetic CBDCs and other Types of Money

Money serves three basic purposes: unit of account, store of value, and medium of
exchange (means of payment). While measuring the value of a certain good only needs
commonly understood denominations irrespective of the concrete form of money, the
extent to which the other two purposes are served may change. For most of history,
money took physical forms such as coins, notes, or tangible goods, supplemented by
paper-based account records. End-users would use fully anonymous cash as a means of
payment and identifiable accounts as commercial bank money at retail banks mostly
for savings and loans. Under a fractional reserve system, banks are not required to
hold assets that would fully back all user deposits. Failed business strategies of retail
banks, such as bad loans or investments, can thus put customer’s savings at risk.
Government policies often require retail bank deposits (commercial bank money) to be
insured up to a certain limit, but insurance coverage is limited and state interventions
are frequently used to bail out wealthy stakeholders when larger banks collapse. [20]

Regulated payment providers such as WeChat Pay, Alipay, M-Pesa or Taler
Operations without banking licenses have started offering so-called electronic money
(e-money), where users hold a claim against the payment provider which promises
convertibility at full face value to a certain (national) currency. [1] Such payment sys-
tems closely resemble traditional commercial bank accounts, including that they may
only hold liquid assets sufficient to back regular net outflows with some safety margin.
The key distinction between banks and e-money providers is that e-money providers
are generally prohibited from giving out loans and investing in assets like stocks and
equities. Furthermore, e-money, in contrast to commercial bank money, often cannot
expect to benefit from government backing or deposit insurance.

Together, all such digital forms of money are increasingly displacing traditional
cash controlled by the central bank, which is nevertheless presumed to anchor all of
them. In face of this evolution, central banks have started investigating Central Bank
Digital Currencies (CBDCs): a digital form of money directly issued by a central bank
instead of commercial banks or other financial intermediaries. Same as cash, a CBDC
is a liability of the central bank, which entails that holders are not subject to insolvency
risks of private financial institutes. Retail CBDCs, such as the envisioned Digital Euro
(cf. Section 6.2), are available to the general public, i.e., private households and firms,
while wholesale CBDCs are only offered to selected financial institutions, much like
central bank reserves are usually only accessible to banks. [22]

Synthetic CBDC's (sCBDCs) are a middleground between these two options: Here,
private financial institutions offer e-money to the general public, whose value is fully
backed by the institution in central bank money (e.g., in the form of central bank
reserves or a wholesale CBDC). While technically not a direct liability of the central
bank [6], such money is equivalent to a CBDC for most practical matters but has the
advantage of possible competition between different operators. [1] From the perspective
of asset backing, this is very similar to the concept of narrow banks, which back all



their deposits by central bank reserves and sometimes government fonds. But while
the focus of narrow banks lies on the store-of-value purpose of money, sCBDCs are
rather meant to be used as a medium of exchange, as a potential competition to other
forms of e-money that are backed in commercial bank money.

5 GNU Taler as sCBDC

To create an sSCBDC with GNU Taler, one needs a private e-money operator who would
issue digital cash of some fiat currency in return for incoming final wire transfers of
the same currency. The operator would keep central bank money corresponding to the
digital cash in circulation in an escrow account in the deposit facility of the respective
central bank. By depositing 100% of the escrowed assets at the deposit facility, the
operator would earn some modest risk-free interest from the central bank. Depending
on the interest rate of the central bank, the resulting interest may even be sufficient
to cover the cost of operating the payment system.!

However, the assets would still be at risk in cases where the operator were to go
bankrupt, for example due to other business activities. To create an sCBDC that is
risk-free in the same way that a CBDC would be, the operator would furthermore need
to use asset segregation to ensure that the escrow account could not be used for other
liabilities. Should the operator go bankrupt, GNU Taler’s revocation mechanism could
be used to notify wallets that their digital cash cannot be used for payments anymore.
At that point, the wallets would deposit the digital cash back into each customer’s
bank account, erasing the remaining liability of the operator in a timely fashion. This
would only reveal the remaining balance of each customer to the banking system; the
transaction histories would remain private.

6 Alternative Approaches

This section discusses different forms of money that may serve a similar function as the
sCBDC based on GNU Taler discussed above: Stablecoins, and the proposed design
of the Digital Euro by the European Central Bank (ECB).

6.1 Stablecoins

Stablecoins are a distributed ledger-based payment instrument that is tied to assets
in a fiat currency. They emerged as a variation on e-money promising to bridge highly
volatile, unregulated and decentralized cryptocurrencies. In contrast to regulated e-
money providers, early stablecoin operators often operated without any regard to
regulation. As a result, the legal status of stablecoin assets was—and in some cases
remains—unclear. [4]

Most current implementations of stablecoins use an account-based model. They
are smart contracts, which define the rules for alternations of account balances on a
blockchain, for example ERC20 “tokens” on the Ethereum Virtual Machine (EVM).

1Should central bank interest rates be negative, the operator would have to charge fees including possibly
holding fees from its customers. GNU Taler’s refresh fees combined with expiration dates on coins in
circulation could be used to implement a demurrage currency.



In theory, the owner of the account can have full custody over the keys to spend money
from the account. In practice, however, many users prefer the simplicity of custodial
wallets where the keys are held by a fully trusted third party. In any case, there are
no individual stablecoins and no tokens in the sense of our technical definition which
have an inherent value.

The term “stablecoin”, apart from wrongly suggesting a bearer instrument simi-
lar to physical coins, also promises stability of the asset. However, many stablecoins
that were said to be pegged to a fiat currency lost their “peg” after a certain amount
of time. [9, 23, 28] Some stablecoin issuers have pursued and received regulatory
approvals, and some, like Gemini, subsequently ran into trouble for misrepresentation
of their operations towards these regulators [7].

Contemporary regulated stablecoins operations are designed like traditional e-
money, often resembling a narrow bank [21] with a reserve made up of high-quality
liquid assets, which provides stability. These regulated operations mostly distinguish
themselves from traditional e-money systems by their marketing and support for
integration with distributed ledgers. The key difference between an sCBDC and the
operation of a stablecoin is that the latter can include government securities in its
backing. Given that interest rate changes on government securities can cause these
assets to rapidly lose in value, this model is thus strictly less stable for investors (but
possibly more profitable for operators) than what is required for an sCBDC.

Over the history of stablecoin development, diverse sets of user groups emerged,
each with distinct motivations for adopting stablecoins. Initially, stablecoin users were
mostly crypto-native actors: traders, liquidity providers, and early DeFi adopters.
Their motivations include the desire to hedge volatility, park liquidity between trades,
and maintain assets on-chain instead of exposing them to traditional banking. Sta-
blecoins serve as a de facto unit of account and base currency for decentralized
exchanges, lending markets, and yield farming protocols [2]. This usage pattern reflects
a preference for composability, and autonomy over traditional financial products.

In countries with unstable monetary systems, stablecoins became a tool to hold
US dollar denominated assets without the need for a bank account. Individuals use
stablecoins to preserve purchasing power, remit funds internationally, and circum-
vent capital controls. Particularly in regions with high inflation or limited access to
foreign exchange markets, stablecoins represent a practical alternative to both local
fiat currencies and formal financial institutions. Stablecoins bypassed the regulatory
complexity and cost associated with foreign exchange conversions and international
transfers. By easing the transfer of dollar-denominated assets globally without fric-
tion, stablecoins enable borderless payroll. Bypassing the traditional banking system
also makes such income harder to trace for tax authorities and creates opportunities
for tax evasion. [5]

6.2 The Digital Euro

The most prominent and obvious alternative to a synthetic CBDC is a native retail
CBDC: A digital form of central bank money that could be accessed by citizens
and merchants. The Digital Euro, a CBDC proposed by the European Central Bank
(ECB), has been in the planning phase for several years at the time of this writing [15].



The current design consists of two parts. The offline version is based on so-called
“secure hardware” which is supposed to prevent double-spending while at the same
time promising transitive anonymity subject to limits enforced by the hardware. How-
ever, given that hardware security modules under physical control of an adversary
have a horrific track record [18], we predict that the offline version will not be secure
and thus does not warrant further discussion.

In the online version citizens are provided with a limited bank account at the
central bank administered by private payment service providers (PSPs). Different to
common bank accounts, these will be interest free and subject to a holding limit which
is claimed to be necessary to ensure financial stability of the contemporary commercial
bank system [14], even though there are other options of mitigating the risk of bank
runs [19]. The holding limit for non-business users is discussed to be around 3000
euros [13], while business users will have a holding limit of zero.

As the Digital Euro becomes legal tender, merchants will be required to accept
it. This mandate may entail significant adaptation costs, as businesses will need to
update their payment systems, train staff, and implement additional measures to inte-
grate the Digital Euro into their operations. Furthermore, banks and payment service
providers (PSPs) must incorporate the new currency into their existing infrastructures
and applications. These adjustments represent economy-wide costs—an unintended
side effect of introducing the Digital Euro.

While economists debate whether there is any need for a Digital Euro [24], concerns
about privacy are prevalent among citizens. [12] Some political actors have gone so far
as to suggest that the Digital Euro could become a tool of surveillance and control. Not
all actors share the European Central Bank (ECB)’s self-assessment as an eternally
trustworthy custodian of a central database of financial transactions of all citizens. [11]
This is especially true as the current ECB design would enable linking transactions
back to individuals [8]—in sharp contrast to the Taler protocol, but similar to account-
based stablecoins and commercial bank money.

7 Discussion

Table 1 provides an overview of the design choices made for the different types of money
discussed in this chapter. Key questions for their viability and success are (1) why
citizens should put their money into the respective asset category (demand), and (2)
what economic incentives exist for the profitable operation of such systems (supply).

The common selling point of CBDCs, sCBDCs and stablecoins is their promised
value stability, either backed by central bank deposits, or government bonds and other
high-liquidity assets. While several stablecoins have failed to hold up to this claim,
both CBDCs and sCBDCs would only be subject to the volatility of the underlying
currency that is arising from socio-economic factors including the monetary policy of
the respective central bank, same as today’s monetary anchor, cash. The demand for
stablecoins is driven by their reduced regulatory or technical complexity for users who
do not have a bank account in the respective currency or who need a fiat-currency
to enter cryptocurrency trading. Stablecoins also enabled illegal activities including
circumvention of capital-controls [16].



The proponents of the Digital Euro sometimes point to offline payments as a key
unique sales proposition in terms of usability. However, as long as physical cash remains
an option, its usability properties will remain hard to beat. That is especially true
as cash avoids the regulatory compliance checks the European Central Bank (ECB)
intends to impose on the Digital Euro. Instead of technical superiority to contemporary
payment systems, the mandatory acceptance of the Digital Euro in virtually all points-
of-sale across the Eurozone will be its most important advantage for citizens—at the
likely very high cost of integration for merchants, indirectly covered by society at large.
On the other hand, Taler as an SCBDC would offer a tangible improvement over the
current payment system landscape by offering privacy-preserving one-click payments
without customer traceability and identification at checkout. In addition, its account-
less architecture with digital cash held in self-custody alleviates the burden of complex
multi-factor account authentication. Compared to physical cash, the withdrawal of
digital cash is possible anytime and from any place with Internet connectivity.

Apart from these benefits for users, pairing value stability with payer privacy and
a frictionless user experience, offering an sCBDC based on Taler is also profitable for
payment system operators: The reference implementation GNU Taler is Free Software,
translating to low acquisition and maintenance costs. The centralized architecture
allows for cost savings related to regulatory compliance compared to the distributed
protocols at the base of stablecoins. It also enables higher transaction rates than
distributed consensus algorithms. Self-custody of the token-based Taler payment sys-
tem reduces the need for complex and costly user authentication as is the case for
all account-based systems including most stablecoins and the Digital Euro. At the
same time, the operator can earn risk-free interest with the users’ deposits, as long
as the central bank offers positive interest rates on reserves. In sharp contrast, banks

comm. | stable- | Digital || GNU Taler
aspect design space cash bank coins Euro (sCBDC)
purpose store of value [ o [ @ @
medium of exchange [ J o D [ J [ J
backing central bank (reserves) [ € @) [ [
government bonds O ¢ [ J O O
liability / private sector O [ ] [ ] O [ ]
issuer central bank [ J O O [ J O
medium analog/hardware [ € @) of @)
digital /software @) o o [ [ ]
privacy payer [ ] @) [ @ [ ]
payee [ @) » o™t @)
instrument account O [ ] * 9 O
token ([ O ®* ot [
architecture | centralized O [ ] [ [ [
decentralized ([ O df @t [

Table 1 Comparison of different forms of money. From none to fully: O,3,0,&,@.

* Both design choices are made, accounts are more common.

1 The envisioned offline version suggests a form of tokenization which relies on trusted hardware and
promises transitive anonymity.

1 Tokens may be held under self-custody in a decentralized manner.



would be legally required to distribute the Digital Euro without clear compensation
for integration, onboarding, or support costs.

8 Conclusion

Payment instruments have historically emerged in response to practical needs: facil-
itating exchange, managing credit, supporting savings and lending, or adapting to
political and regulatory constraints. As an example, the emergence of account-based
e-money and stablecoins enabled efficient transactions at a global scale, but those
systems fell short on payment privacy compared to cash. Today, the primary justifi-
cation for introducing a Digital Euro appears to be reinforcing European monetary
sovereignty, rather than advancing privacy, security, or usability. Given its limited
technical innovation and proposed caps such as a € 3000 holding limit, the Digital
Euro offers few compelling reasons for widespread voluntary adoption, particularly
considering the integration costs for merchants and payment providers.

In contrast, private and FLOSS-based initiatives like GNU Taler demonstrate how
synthetic CBDCs can address both sovereignty and user demands. Fully backed by
central bank reserves, a Taler-based synthetic CBDC could offer the same monetary
stability while also providing privacy, self-custody, and operational efficiency—
qualities that encourage voluntary adoption through genuine utility rather than
through coercive mechanisms.

Tokenizing fiat currencies is just one possible application of the Taler protocol.
Other fungible classes of assets could equally be used to back Taler tokens, including
stocks, equities, precious metals or durable chemicals. Tokenized stocks in self-custody
may lower costs by cutting out today’s deposit and brokerage services. Tokenized
precious metals would make payments in those assets easier because dealing with tiny
amounts becomes practical. Furthermore, cryptographic signature validation would
replace checking the substance of the asset in every transaction. Citizens in countries
with disreputable central banks might prefer such asset-backed tokens over digital fiat.
Regardless of the issuer or the backing asset they would benefit from the usability,
scalabilty and payer anonymity guarantees enabled by tokenization.

Acknowledgements

We thank Bernd Lucke and Ozgiir Kesim for constructive feedback on an earlier
draft of this chapter. This work was supported by the German Federal Ministry
of Research, Technology and Space under grant ConcreteContracts. This work was
funded in part by the European Commission through the Horizon Europe program
under project number 101135475 (TALER). It also has received funding from the Swiss
State Secretariat for Education, Research and Innovation (SERI).

The opinions, findings, and conclusions or recommendations expressed are those
of the authors and do not necessarily reflect those of any of the funding agencies or
affiliated institutions.


https://concretecontracts.codeblau.de

References

[1]

[10]

[11]

Adrian T, Mancini Griffoli T (2019) The Rise of Digital Money. FinTech
Notes, International Monetary Fund, Washington, D.C, https://doi.org/10.5089/
9781498324908.063

Auer R, Doerr S, Frost J, et al (2023) The Technology of Decentralised Finance
(DeF1i). BIS Working Papers No. 1066, Bank for International Settlements, https:
//doi.org/10.2139/ssrn.4431521

Boss M (2022) GNU Taler Scalability: Measuring and Improving the Performance
of GNU Taler on Grid’5000. B.S. thesis, Bern University of Applied Sciences

Bullmann D, Klemm J, Pinna A (2019) In Search for Stability in Crypto-Assets:
Are Stablecoins the Solution? ECB Occasional Paper No. 230, European Central
Bank, https://doi.org/10.2139 /ssrn.3444847

Moura de Carvalho R, Indcio H, Marques RP (2024) An Empirical Analysis of
Tax Evasion among Companies Engaged in Stablecoin Transactions. Journal of
Risk and Financial Management 17:400. https://doi.org/10.3390/jrfm17090400

Coeuré B, Cunliffe J (2020) Central Bank Digital Currencies: Foundational Prin-
ciples and Core Features: Report No. 1 in a Series of Collaborations from a Group
of Central Banks. Bank for International Settlements, Basel, Switzerland

Commodity Futures Trading Commission (CFTC) (2025) Gemini Trust Ordered
to pay $5 Million for Making False or Misleading Statements, Omissions to the
CFTC. https://www.cftc.gov/PressRoom/PressReleases/9031-25

De Montjoye YA, Radaelli L, Singh VK, et al (2015) Unique in the shopping
mall: On the reidentifiability of credit card metadata. Science 347(6221):536—539.
https://doi.org/10.1126/science.1256297

Di Maggio M (2024) Blockchain, Crypto and DeFi: Bridging Finance and
Technology. John Wiley & Sons, pp. 198-199

Dold F (2019) The GNU Taler System: Practical and Provably Secure Electronic
Payments. PhD thesis, University of Rennes 1

d’Aligny A, Benoist E, Dold F, et al (2022) Who comes after us? the cor-
rect mindset for designing a central bank digital currency. SUERF Policy Note
(279):1-9

ECB (2021) Eurosystem report on the public consultation on a digi-

tal euro. https://www.ecb.europa.eu/pub/pdf/other /Eurosystem_report_on_the_
public_consultation_on_a_digital_euro~539fa8cd8d.en.pdf

10


https://doi.org/10.5089/9781498324908.063
https://doi.org/10.5089/9781498324908.063
https://doi.org/10.2139/ssrn.4431521
https://doi.org/10.2139/ssrn.4431521
https://doi.org/10.2139/ssrn.3444847
https://doi.org/10.3390/jrfm17090400
https://www.cftc.gov/PressRoom/PressReleases/9031-25
https://doi.org/10.1126/science.1256297
https://www.ecb.europa.eu/pub/pdf/other/Eurosystem_report_on_the_public_consultation_on_a_digital_euro~539fa8cd8d.en.pdf
https://www.ecb.europa.eu/pub/pdf/other/Eurosystem_report_on_the_public_consultation_on_a_digital_euro~539fa8cd8d.en.pdf

[13]

[14]

[15]

[16]

[17]

[18]

[19]

European Central Bank (2023) Financial stability review. https:
//www.ecb.europa.eu/press/financial-stability-publications/fsr /html/ecb.
fsr202311~bfe9d7c565.en.html

European Central Bank (2024) Progress on the preparation phase of a digital euro
- first progress report. https://www.ecb.europa.eu/euro/digital_euro/progress/
html/echb.deprp202406.en.html

European Central Bank (2024) Timeline of the Digital Euro Project.
URL https://www.ecb.europa.eu/euro/digital_euro/progress/shared/pdf/
241202-timeline-digital-euro-project.en.pdf

Foley S, Karlsen JR, Putnins TJ (2019) Sex, Drugs, and Bitcoin: How Much
Illegal Activity Is Financed through Cryptocurrencies? The Review of Financial
Studies 32(5):1798-1853. https://doi.org/10.1093 /rfs/hhz015

Free Software Foundation (1996) What is free software? https://gnu.org/
philosophy /free-sw.html

Grothoff C, Dold F (2021) Why a digital Euro should be online-first and bearer-
based. Tech. rep., The GNU Taler Project

Gro J, Klein M, Sandner P (2020) Digitale zentralbankwahrungen:
Chancen, risiken und blockchain-technologie. Wirtschaftsdienst 100(7):545—
549. https://doi.org/10.1007/s10273-020-2702-7, URL https://doi.org/10.1007/
$10273-020-2702-7

Hu K, Tong A, Dastin J, et al (2023) Silicon valley exhales after
us intervenes in SVB collapse. https://www.reuters.com/business/finance/
silicon-valley-exhales-after-us-intervenes-svb-collapse-2023-03-13/

Kay J (2009) Narrow  Banking: The  Reform  of  Bank-
ing  Regulation.  Center for the Study of Financial Innova-
tion, https://bankunderground.co.uk/wp-content /uploads/2016 /07/
¢8439-narrowbanking2cthereformofbankingregulation2cbyjohnkay.pdf

Kumhof M, Noone C (2018) Central Bank Digital Currencies - Design Principles
and Balance Sheet Implications. SSRN Electronic Journal https://doi.org/10.
2139/ssrn.3180713

Liu J, Makarov I, Schoar A (2023) Anatomy of a Run: The Terra Luna Crash.
NBER Working Paper w31160

Navarrete F (2025) Do we really need a digital euro? a solution to what problem
exactly? Tech. rep., Circulo de Empresarios

11


https://www.ecb.europa.eu/press/financial-stability-publications/fsr/html/ecb.fsr202311~bfe9d7c565.en.html
https://www.ecb.europa.eu/press/financial-stability-publications/fsr/html/ecb.fsr202311~bfe9d7c565.en.html
https://www.ecb.europa.eu/press/financial-stability-publications/fsr/html/ecb.fsr202311~bfe9d7c565.en.html
https://www.ecb.europa.eu/euro/digital_euro/progress/html/ecb.deprp202406.en.html
https://www.ecb.europa.eu/euro/digital_euro/progress/html/ecb.deprp202406.en.html
https://www.ecb.europa.eu/euro/digital_euro/progress/shared/pdf/241202-timeline-digital-euro-project.en.pdf
https://www.ecb.europa.eu/euro/digital_euro/progress/shared/pdf/241202-timeline-digital-euro-project.en.pdf
https://doi.org/10.1093/rfs/hhz015
https://gnu.org/philosophy/free-sw.html
https://gnu.org/philosophy/free-sw.html
https://doi.org/10.1007/s10273-020-2702-7
https://doi.org/10.1007/s10273-020-2702-7
https://doi.org/10.1007/s10273-020-2702-7
https://www.reuters.com/business/finance/silicon-valley-exhales-after-us-intervenes-svb-collapse-2023-03-13/
https://www.reuters.com/business/finance/silicon-valley-exhales-after-us-intervenes-svb-collapse-2023-03-13/
https://bankunderground.co.uk/wp-content/uploads/2016/07/c8439-narrowbanking2cthereformofbankingregulation2cbyjohnkay.pdf
https://bankunderground.co.uk/wp-content/uploads/2016/07/c8439-narrowbanking2cthereformofbankingregulation2cbyjohnkay.pdf
https://doi.org/10.2139/ssrn.3180713
https://doi.org/10.2139/ssrn.3180713

[25] Rangel M, Armando E (2009) IT Policies for Development: Analysis and Rec-
ommendations of Free/Libre Open Source Software initiatives of the Bolivarian
Republic of Venezuela. PhD thesis, Pennsylvania State University

[26] Swiss Confederation (2010) Federal Act on the Organisation of Swiss Post. https:
//www.fedlex.admin.ch/eli/cc/2010/823/de, sR783.1; Stand — 19 Dec 2020

[27] Vogelsteller F, Buterin V (2015) ERC-20 Token Standard: Interface for Tokens.
https://eips.ethereum.org/EIPS /eip-20, ethereum Improvement Proposal 20

[28] Zack Abrams (2022) Stablecoins can crash, too — why Neutrino USD’s
wild swings spell trouble. https://www.businessofbusiness.com/articles/
stablecoins-can-crash-too-heres-why-neutrino-usds-wild-swings-spell-trouble-for-the-assets/

12


https://www.fedlex.admin.ch/eli/cc/2010/823/de
https://www.fedlex.admin.ch/eli/cc/2010/823/de
https://eips.ethereum.org/EIPS/eip-20
https://www.businessofbusiness.com/articles/stablecoins-can-crash-too-heres-why-neutrino-usds-wild-swings-spell-trouble-for-the-assets/
https://www.businessofbusiness.com/articles/stablecoins-can-crash-too-heres-why-neutrino-usds-wild-swings-spell-trouble-for-the-assets/

	Introduction
	Definitions: Tokens and Nonces
	GNU Taler
	Synthetic CBDCs and other Types of Money
	GNU Taler as sCBDC
	Alternative Approaches
	Stablecoins
	The Digital Euro

	Discussion
	Conclusion

