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1. Introduction

Before the advent of money, people
exchanged goods and services using a barter
system, which, however, suffered from
fundamental limitations, such as the need for
mutual agreement, the physical presence of
both parties, and the limited shelf life of the
goods being exchanged. Commodity money,
such as salt or livestock, gradually began to
be used as a medium of exchange and a store
of wvalue. However, its shortcomings,
particularly its difficulty in division and lack
of standardization, led to the development of
metal coins with intrinsic value, which,
thanks to their durability and state guarantee,
represented a stable form of money for many
centuries.

Another significant change came with the
introduction of paper money, which first
appeared in China and spread to Europe in
the 16th century. Its lighter weight and ease
of handling contributed to the rise of banking
and financial institutions. The Industrial
Revolution and technological progress then
fundamentally changed the form of money.
From the mid-20th century, computing and
digitization began to play a key role. The
emergence of electronic payment systems,
cashless transactions, and modern digital
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platforms such as PayPal and Apple Pay has
led to a significant dematerialization of
money and simplified everyday financial
transactions (Arner et al., 2017; Bohme et al.,
2015).

This development has gradually shifted
from the physical to the digital realm.
Technology has begun to serve not only as a
means of exchange but also as a means of
creating trust in the value of money. Modern
technologies—such as cryptography, digital
signatures, and DLT—are changing the very
foundations of monetary systems and
contributing to the emergence of new forms
of money that are redefining the relationship
between individuals, institutions, and the
state (Nambisan et al., 2019).

A revolutionary moment came in 2009
with the introduction of Bitcoin as the first
cryptocurrency  based on  blockchain
technology.  Bitcoin  represented  an
alternative form of digital currency that is not
issued or regulated by a central authority but
operates on decentralized consensus and uses
cryptographic  security. This innovation
opened the door to hundreds of other
cryptocurrencies that expand the possibilities
of exchange beyond the traditional financial
system, but also bring new regulatory



challenges (Swan, 2015;

Tapscott, 2016).

In response to this decentralization trend,
central banks began exploring digital forms
of currency that would be fully under their
control. The result of these efforts is digital
CBDCs, which combine the technological
advantages of the digital environment with
the trustworthiness and stability provided by
the state. CBDCs represent a digital claim on
the central bank and are denominated in the
national currency (e.g., the digital euro).
Their emergence is a natural outcome of the
historical development of exchange and a
response to the changing demands of the
digital economy (Zetzsche et al., 2020).

Tapscott &

2. Methodology

The aim of this paper is to assess the
extent to which technological progress and
pressure for digital sovereignty in Europe are
leading to policies that reduce dependence on
global technology platforms in payments and
accelerate CBDC/digital euro projects at both
national and Eurosystem levels. We start
from two hypotheses. The first is that new
technologies in the monetary and financial
system are leading to the testing and
introduction of CBDCs. The second is that
greater institutional readiness (strategy,
budget, dedicated  team, legislative
milestones) is associated with faster progress
in the implementation steps for the digital
euro.

The research combines quantitative and
qualitative approaches. First, aggregated data
are analyzed to identify general trends in new
forms of currency, in particular the number
of active CBDC projects, the technology
used (DLT wvs. non-DLT), regional
distribution, and stage of development. These
trends are then examined in depth using
descriptive and comparative analytical
methods.

{3}

The entire issue is first placed in a
historical context, using secondary sources to
illustrate the dynamics of the development of
means of exchange, from the earliest forms
of exchange to contemporary digital tools
based on modern technologies. Attention is
then focused on the different approaches of
selected countries to the implementation and
development of CBDCs, including their
technological solutions. Particular emphasis
is placed on European countries that are
already actively working on pilot projects or
research phases, such as France, Germany,
and Italy (ECB, 2023).

Descriptive analysis of the professional
literature is used to describe and evaluate the
technological aspects of CBDCs, particularly
concerning the use of blockchain and other
types of distributed ledgers. This section is
based on academic articles that discuss the
technological characteristics of blockchain,
the differences between Proof-of-Work and
Proof-of-Stake protocols, and their possible
applications in monetary systems (Lin &
Liao, 2017).

The methodological approach also
includes an analysis of secondary data, which
makes it possible to map the current state of
CBDC development in individual countries.
This data is processed primarily in the form
of summary tables and supplementary graphs
(Kumar, 2023).

The CBDC Tracker platform
(https://cbdctracker.org/) was used as the
main database tool to determine the state of
CBDC development. It provides up-to-date
overviews of individual digital currency
projects at various stages (research, proof of
concept, pilot operation, launch). This
database combines data from central banks,
government documents, and specialist media
and allows developments to be monitored in
real time (CBDC, 2024).

Official documents of the ECB mapping
the research and preparatory phase of the

Scientia et Societas » 2025 26



digital euro project were also used, including
consultation reports, public statements, and

technical architecture

2025a).

As part of the literature review, the
Scopus, Web of Science, and SSRN
databases were systematically searched using
keywords such as “Central Bank Digital
Currency,” “CBDC,” “blockchain,” “digital
euro,” and “monetary policy digitalization.”
These texts provided the theoretical and
analytical background for the technological
and institutional parts of the article, in
particular (Mu & Mu, 2022).

All sources were continuously verified in
terms of their credibility, timeliness, and
professional relevance. In the case of
technological concepts, the interdisciplinary
nature of the topic was taken into account,
combining approaches from economics,
computer science, political science, and law.

proposals (ECB,

3. Blockchain

The term blockchain generally refers to a
method of managing information in a
distributed system that is characterized by
specific properties. However, in 2025, there
is still no uniform specification or established
standards, which has led to different
interpretations of this general definition in
the professional literature. Blockchain is
often confused with the term DLT, which
represents a revolutionary approach that
enables the registration, sharing, and
synchronization of transactions with digital
assets in an environment without the need for
a central authority. This technology draws on
knowledge from various fields of computer
science, such as distributed systems,
cryptography, data structures, and consensus
algorithms. As a result, it offers a number of
key features, including decentralization,
openness, immutability, transparency,
traceability, security, availability, and more
(Antal et al., 2021).
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Based on research in the available
literature, we have listed examples of
possible definitions of blockchain in Table 1,
divided into three areas. The first two
definitions are related to cryptocurrencies. In
the media, the terms cryptocurrency and
blockchain are often confused, especially
with Bitcoin. Furthermore, definitions that
are broader and more general have been
selected, given that the term DLT does not
refer to any specific data structure, includes
generalizations, and blockchain is often used
to refer to chains of blocks, which is why
people tend to equate Blockchain with DLT
(Tabatabaei et al., 2023). In this article, we
will distinguish between the terms DLT and
Blockchain. The last type of definitions is
those that focus on the use of blockchains, in
our case smart contracts.

If we focus briefly on the essence of how
blockchain works, transactions are stored in
individual blocks, and these blocks then form
the blockchain. To ensure that the node
reporting the transaction is legitimate, it must
provide proof using a specific algorithm.
These algorithms vary depending on the
platform. For example, popular platforms
such as Bitcoin and Monero use the Proof of
Work (PoW) algorithm to connect a new
block to the existing ledger by solving a
cryptographic ~ puzzle.  Miners  verify
transactions by randomly trying all possible
combinations of strings to obtain the desired
result, called a “nonce.” Obtaining a nonce is
very demanding and leads to high energy
consumption (Lin & Liao, 2017). Other
platforms, such as Ethereum or Cardano, use
the Proof-of-Stake (PoS) consensus protocol,
which requires validators to hold and deposit
so-called tokens (Zhang & Lee, 2020). Once
a transaction is verified and recorded by one
node, it is transmitted to all nodes in the
network, with each node storing identical
copies of the verified transactions, called
blocks. The nodes begin working on the next



set of transactions, and the process repeats

(Dutta et al., 2020).

Table 1 » Definition of blockchain according to areas

Areas of definition

Definition

Bitcoin cryptocurrency

Garay et al. (2024)

Bitcoin is a decentralized payment system
that is based on maintaining a public
transaction ledger in a distributed manner.
The ledger is maintained by anonymous
participants (parties, “players”) called
miners, executing a protocol that maintains
and extends a distributed data structure
called the blockchain.

Bitcoin cryptocurrency Swan (2015)

The blockcian is the public ledger of all
Bitcoin transactions that have ever been
executed. It is constantly growing as
miners add new blocks to it to record the
recent transactions. The blocks are added
to the Blockchain in linear, chronological
order. (

Broader concept of blockchain

Bettin-Diaz et al. (2018)

Blockchain is essentially a distributed
database of records; we can also call it a
public ledger of transactions or even digital
events that have been executed and
shared among participating parties
(nodes). In the general ledger, each
transaction is verified by consensus of a
majority of the participants in the Network,
and once entered, the information cannot
be erased, modified, or altered.

Broader concept of blockchain

Lafourcade & Lombard-Platet (2020)

Intuitively, a blockchain is a chain of
transactions. More precisely, each element
of the chain (each block) contains several
transactions (or one or none), as well as a
proof needed for consensus to take place.

Broader concept of blockchain Bigini et al. (2020)

..., the Blockchain constitutes a distributed
network, sharing a cryptographic secure,
immutable ledger accessible to anyone.
The ability to add blocks on the chain is
guaranteed by a consensus protocol, a
mechanism defined for the specific
Blockchain through which the participants
converge to reach consensus.

Blockchain applications

Lohmer & Lasch (2020)

A smart contract is a computerised
transaction protocol that automatically
executes if the terms of the specified
contract are met. Contract clauses can be
embedded in scripting languages (like
Python or Solidity) to execute blockchain
functions.

Source: own processing.

It is important to distinguish between the
definition = of  blockchain  and its
characteristics. While there is no universally
agreed-upon definition, the basic
characteristics have been extensively
explored in the literature. For example,
blockchain data is immutable: new data can
be added, but data that has already been
included cannot be deleted or modified. In
addition, blockchain provides resistance to

unauthorized manipulation, i.e., protection of
blockchain data against any unwanted
modification. As already mentioned in the
text, blockchain is often compared to a
distributed database that is resistant to
unauthorized access and has immutable data.
However, there are fundamental differences.
The first is that a database is a collection of
data that represents the current state of a
system and can be searched or used by user
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queries. In contrast, most blockchain projects
represent an accounting ledger that records a
certain history of transactions. To a large
extent, only specific data elements are stored
in the blockchain due to its more expensive
and less efficient storage compared to a
database. The second difference is the trust
model, where database servers usually trust
each other in the sense that they do not

Figure 1 » Blockchain transaction process
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expect an attack from within the system. In a
blockchain environment, the interests of the
participating ~ computing  devices  are
inherently different, so they need to verify
the information they receive from each other
and reach a consensus to agree on changes to
the data (Tabatabaei et al., 2023). Figure 1
shows the basic principles of blockchain
transaction processes.
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Source: own processing based on Panwar et al. (2022)

Initially, the concept of blockchain
technology was primarily associated with the
cryptocurrency  Bitcoin, but blockchain
technology is not specific to digital
currencies; rather, it is a multi-sector
application of expertise that can be applied to
a wide range of social and economic
relationships to make them more efficient,
such as smart contracts, crowdfunding, and
voting processes (Marple, 2021). Blockchain
has gradually been applied in cybersecurity,
banking,  healthcare = supply  chains,
agriculture, and many other areas of life. In
recent years, there has been a convergence of
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technologies in applications, with the
integration of blockchain into the Internet of
Things (IoT) helping to secure data without
any interruption, and the possibilities of
blockchain can be equally well exploited in
the field of cloud storage. The article will
further focus on the area of digital currencies,
such as cryptocurrency and CBDC.

4. Digital currencies

The twenty-first century has witnessed
further evolution in money technology, with
the advent of digital currencies. Among the
best-known examples of digital currencies is



Bitcoin, which has disrupted traditional
economic and political relationships.
Although Bitcoin was only created in 2008,
there is a rich history of work leading up to
digital currencies before this date. As early as
1996, Law et al. addressed how to create
anonymous cryptographic electronic cash,
and Asokan et al. (1997) worked on the
creation of electronic payment systems that
would provide better security than traditional
means of payment. All of these initial
designs shared a common assumption,
namely, central coordination, for example, in
the form of a central bank. Unfortunately, the
technical implications of central coordination
and verification of electronic transactions on
a large scale proved too difficult to overcome
for these designs to ever be implemented
(Marple, 2021).

In the context of the historical
development of digital currencies mentioned
above, the emergence of Bitcoin and other
cryptocurrencies can be better understood.
The Bitcoin design is based on an economic
world without intermediaries (central banks),
and should therefore overcome the previous
technical and political obstacles to digital
currencies. Taking advantage of the moment
of dissatisfaction with centralized monetary
authority, Bitcoin became one of the first
decentralized digital currencies in the world.
Bitcoin thus created a certain market space
for digital currencies, which was gradually
filled by hundreds to thousands of alternative
cryptocurrencies. Shortly after the emergence
of the first cryptocurrencies, companies
around the world began accepting Bitcoin
and other digital currencies as a means of
transaction (PayPal, Airbnb, Adidas, and
others). This step increased the credibility
and importance of these innovative tools,
which gradually became part of the global
economy (Marple, 2021).

Gradually, other models of digital
currencies began to develop, such as
stablecoins, which by their nature maintain a

{3}

stable price relationship to specific targets
such as the dollar or gold. Corporate
currencies have also been created, which are
primarily intended for transfers between
companies or should enable the replacement
of fiat currencies and payment cards within a
network of companies. However, states and
their central banks are not lagging, launching
pilot projects for digital currencies, which are
better known as CBDCs.

Cryptocurrencies are digital coins based on
blockchain  technology that facilitate
transactions and sometimes serve as a long-
term store of value (Baur & Dimpfl, 2021).
The best-known is Bitcoin, but other
examples include Litecoin, Monero, Dash,
and Zcash. These currencies, which operate
on a decentralized network and use
cryptography for security and protection
against counterfeiting, offer a certain level of
anonymity in peer-to-peer transactions.
While Bitcoin accounts are beyond the
control of law enforcement agencies and
payment processors, this anonymity can also
increase the potential for financial crime
(Brown, 2016).

Stablecoins are digital tokens that have the
potential to significantly increase
competition and innovation in financial
services by reducing our dependence on
traditional intermediaries. They are linked to
specific assets, such as the dollar or other
national currencies. The most common types
are stablecoins backed by fiat currencies, but
there are also those linked to commodities
such as gold. They are mainly used for
market entry, hedging, storage, and
facilitating transactions between the digital
and physical spheres. Examples of such
tokens include USD Coin, Gemini Dollar,
and TrustToken (Catalini et al., 2022)

Consortium stablecoins, like asset-backed
stablecoins, are issued by groups rather than
individual  organizations. = Like  other
stablecoins, consortium stablecoins enable
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and

cross-border
particularly attractive to people outside the

instant payments are
traditional financial system. The most
interesting example was ultimately the never-
launched stablecoin Diem (formerly Libra
1.0 and 2.0), backed by Facebook and its
partners. They originally sought to create a
blockchain-based currency backed by a
basket of international currencies, including
the US dollar, the euro, and the Japanese yen,
thereby essentially creating a supranational
currency independent of national and
international regulatory authorities. The
creation of the currency raised concerns
among the G7 and G20, primarily regarding
the risks associated with the financial
stability of the system. Although the Libra
1.0 concept was revised to Libra 2.0 and later
renamed to the Diem project, financial
regulators strongly opposed it, and the
project was terminated in 2023 (Read et al.,
2020; Giudici et al., 2022)

Corporate  currencies are primarily
intended for transfers between businesses and
leverage the speed and efficiency of public
blockchains while maintaining control and
enforcing restrictions. Pre-approved access
ensures network legitimacy for participants.
Examples of private corporate currencies
include Signet and JPM Coin. In addition,
retailers such as Walmart, Amazon, and
Rakuten have announced plans to develop

Table 2 » Definition of CBDC

corporate currencies for payments within
their networks. Retail banks could also issue
corporate coins to replace fiat currencies in
debit or credit cards. However, widespread
adoption of corporate currencies could lead
to confusion, as it would make it difficult for
users to discern the relative value of different
options.

5. Future of money: CBDC?

As a natural development in the context of
the digital economy, there is a gradual debate
and subsequent implementation of concepts
in the area of digital money issuance by
central banks for general use. On the other
hand, commercial banks have had access to
digital forms of central bank money in the
wholesale payment system for several
decades. Debates on CBDCs for ordinary
users have gained momentum in recent years,
with cryptocurrencies and stablecoins acting
as catalysts for these debates and forcing
central banks to take a more proactive
approach to digital currencies. Given the
different  economic  characteristics  of
individual countries and their varying needs,
there are a number of definitions and
approaches to central bank digital currency,
and there is no single universally accepted
definition (Horvath, 2023). An overview of
selected definitions is shown in table 2.

Authors Definition

Mu & Mu (2024)

A CBDC can be been as a special type of digital money,
backed by the sovereign. In this way, a CBDC is a digital
instrument, denominated in the national unit of account, that
is a direct liability of the central bank.

Nafiez Alonso et al. (2021)

A CBDC is an electronic variant of cash issued by a central
bank, which combines cryptography and digital ledger
technology to offer this digital money. It is therefore a central
bank liability, which can:

EDPS (2025)

-Emulate the characteristics of cash (if held by the public).

Bjerg (2017)

-Serve as a central bank reserve (if held only by banks and
other financial intermediaries that have access to the
payment system).

Agur et al. (2022)

Central Bank Digital Currency (CBDC) is a new form of
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Authors Definiti

money that exists only in digital form. Instead of printing
money, the central bank issues widely accessible digital
coins so that digital transactions and transfers become
simple.

Mu & Mu (2024)

Source: own processing

For this article, CBDCs can generally be
understood as a digital form of money
denominated in national currency and
representing a direct liability of the central
bank to its holders. These currencies can
serve both wholesale and retail purposes and
offer a wide range of uses in payment
systems. CBDCs can be designed based on
an accounting model that allows user
identification or a token model that ensures
transaction anonymity. In terms of
technological solutions, CBDCs can be

Figure 2 » Monetary system with a retail CBDC
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individual central banks. Figure 2 shows a
monetary system with a retail CBDC, where
the diagram compares cash and retail
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Source: own processing based on Panwar et al. (2022)

Several countries are researching and
introducing their versions of CBDCs, with
updates and news in this area coming from
various sources, and the field is very
turbulent. It is difficult for both experts and
the general public to keep track of the current
status and historical development of CBDCs,

which is why specialized portals are being
created to track individual CBDCs (such as
www.cbdctracker.org,
https://cbdctracker.hrf.org/home,
https://www.atlanticcouncil.org/cbdctracker/,
and others). For the upcoming figure 3, we
use data from CBDC Tracker, which collects
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information from several sources and
presents it in a structured manner. The
project also aims to popularize the idea of
CBDC and take another step towards the
future of money. CBDC Tracker not only
shows the current state of digital currencies
in different countries but also provides a
historical overview of how this process has
evolved in the past. The data used by the

Figure 3 » CBDC status in the world
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seen from the graph, most CBDCs are in the
research phase, with approximately 101
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Only 4 CBDCs have been launched
worldwide: JAM-DEX, Sand Dollar, ZiG,
and e-Naira.
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Source: own processing based on CBDC Tracker. (2024).

5.1 CBDC in European Union
countries: Digital Euro

In Europe, we will focus on EU member
states, as they are a key and significant part
of Europe in terms of population, area, and,
above all, economic size. The EU currently
has 27 members, 20 of which use the euro as
their common currency. The international
position of the euro is stagnating, with its
share as a reserve currency remaining more
or less the same as when the EMU was
launched in 1999. The use of the euro in
cross-border trade outside the euro area may

Table 3 » Definition of CBDC

come under pressure as China and other
countries seek digital versions of their
currencies that can also be used in cross-
border trade without having to go through
other systems and central banks. Since
strategic autonomy also requires monetary
autonomy, Europe needs an independent
cross-border payment infrastructure — the
response to this challenge should be the
introduction of a wholesale version of the
digital euro as soon as possible (Boonstra,
2022). Table 3 provides an overview of the
current status of CBDCs in individual EU
countries.

Name of CBDC Announcement Year

Country

Austria Delphi 2021

Research w DLT YES

Retail | Wholesale DLT / non-DLT

Belgium

YES

Bulgaria

NO

Croatia

YES

Cyprus

YES
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Name of CBDC Announcement Year

Country

Retail / Wholesale

Czechia Digitalni koruna 2021 Research - - NO
Denmark NO
Estonia YES
Finland YES
France Project Venus 2022 w DLT YES
France Project Mariana 2022 Research w DLT YES
France French Wholesale 2021 w DLT YES
CBDC
France Project Prosperus 2021 w DLT YES
France Jura 2021 Research w DLT YES
Germany Trigger Solution 2023 w Non-DLT YES
Greece YES
Hungary Hungary CBDC 2020 R NO
Ireland YES
Italy TIPS Hash-Link 2024 w Non-DLT YES
Latvia YES
Lithuania YES
Luxembourg Project Venus 2022 W DLT YES
Malta YES
Netherlands YES
Poland Digital zloty 2017 Reserach R - NO
Portugal YES
Romania NO
Slovakia YES
Slovenia YES
Spain Spanish Wholesale 2022 Research w DLT YES
CBDC
Sweden e-krona 2017 R DLT NO
Sweden Project Icebreaker 2022 Research R - NO

Source: own processing

Several key conclusions regarding CBDCs
in European countries can be drawn from the
table above. First, there is a high level of
involvement by euro area countries through
the creation of a digital alternative to cash
within the single currency area — the Digital
Euro. France and Germany play a significant
role here, standing out in terms of the number
and scope of active projects, confirming their
position as leaders in digital currency
innovation.

Another observable trend is the prevailing
focus on wholesale digital currency models,
while projects focused on retail use are rarer
and more experimental. In terms of
technology, DLT is predominantly used,
although some countries (e.g., Germany and
Italy) are also exploring alternative solutions

without DLT, reflecting diverse approaches
to technical architecture. Countries outside
the euro area, such as the Czech Republic,
Poland, and Sweden, show a lower degree of
coordination, and their projects generally
remain in the research phase. Furthermore, a
number of smaller EU countries have not yet
announced any specific CBDC initiatives.
This passivity may be due to expectations of
a supranational solution at the ECB level in
the form of a digital euro.

Overall, it can be said that the European
area is gradually moving from theoretical
considerations to practical testing of various
CBDC  options. The  diversity  of
technological approaches and institutional
strategies will require future standardization
and interoperability, while the advanced
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stage of some projects indicates that the
introduction of CBDCs may become a reality
within a few years.

Like most other CBDCs, the digital euro
aims to offer a safe, efficient, and trustworthy
alternative for digital payments in the digital
age. The introduction of the digital euro
gained momentum after the idea of a CBDC
for the euro area was publicly presented in
2020, and the ECB launched its research
project on the digital euro in 2021, which
aims to make central bank money available
to the public in digital form. The next phase,
which began on November 1, 2023, is a two-
year preparatory phase that is currently
laying the foundations for the potential
issuance of a digital euro (ECB, 2024a).

The ECB is interested in a digital euro for
three reasons. First, the digitalization process
means both the emergence of private
currencies such as Bitcoin and a reduction in
the use of cash. Private currencies challenge
the role of national currencies and can be a
threat to financial and monetary stability. At
the same time, reduced cash use can help to
remove some mistrust in the financial
system. Second, although the euro area has
both a sophisticated financial system and
advanced payment systems, most payment
services are still provided by non-European
companies, which poses a risk to the EU's
strategic autonomy. Finally, it is always
necessary to be prepared for technologies
that are new today but will become
mainstream in the future and help to further
improve payments (Demertzis & Martins,
2023).

Following discussions in 2024, the ECB
will systematically address competition,
synergies, and sustainable business models
for payment service providers in the context
of the introduction of the digital euro at its
Euro Retail Payments Board meetings in
2025. The main objective of these
discussions is to identify the potential
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benefits of a digital euro, as well as to
mitigate the related risks and unintended
consequences. The discussions will be
supported by internal analytical input and
structured in such a way as to take into
account a broad range of market views. In
parallel, the ECB plans to complete the
tender procedure for the selection of
providers for the digital euro platform,
including the assessment of external
technical components offered by private
suppliers and internal solutions proposed by
the national central banks of the Euro system.
Active communication with the public
remains an important element of the ECB’s
strategy, with the aim of increasing public
awareness and confidence in the future form
of digital currency (ECB, 2024).

The ECB’s April report provides an update
on the development of the digital euro,
focusing on the development of a digital euro
design that aims to harmonize payment rules

across the euro area. The Rulebook
Development Group is focusing on
developing  technical and  functional

specifications for payment service providers,
with an emphasis on interoperability,
cybersecurity, user protection, and user-
friendliness. The standards being developed,
such as the single account identifier (DEAN)
and dispute resolution rules, are designed
with low latency, operational reliability, and
compatibility with European legislation
(including DORA and PSD2) in mind. At the
same time, the report reflects openness to
adjustments in line with the legal framework
for the digital euro, underscoring the
flexibility and readiness of the system for
legislative and technological developments
(ECB, 2025b).

6. Discussion

The concept of CBDC brings with it
several risks and challenges, and its
introduction is accompanied by a wide range



of discussions. The discussion will first focus
on macroeconomic aspects, such as possible
forms of monetary and financial architecture
transformation, institutional models of
CBDC, and the use of CBDC as a monetary
policy and regulatory tool. We will then
discuss microeconomic aspects, such as
privacy, cybersecurity, financial inclusion,
digital inequality, and environmental aspects
of CBDC use.

The introduction of CBDCs represents a
major turning point in monetary sovereignty,
the transmission mechanism of monetary
policy, and the structural organization of
financial markets. In the European context,
the digital euro appears to be a potential tool
for strengthening the resilience of the
payment infrastructure and  reducing
dependence on global technology giants that
dominate the payment platform landscape
(Auer & Bohme, 2020; Bindseil, 2020).
CBDC:s offer a number of systemic benefits,
including lower transaction costs (Mancini-
Griffoli et al, 2018), more precise
management of the money supply, and more
effective support for inflation targeting.
Some studies emphasize that CBDCs can
strengthen confidence in the monetary
system, especially in times of financial
turmoil (Berentsen & Schir, 2018), while
others point to the possibility of
unintentionally weakening the role of
commercial banks (Bear, 2021). In the
European debate, there is a growing
argument that CBDCs could serve as a tool
of economic and political influence, with a
digital euro being one of the instruments for
ensuring strategic autonomy and limiting the
monetary extraterritoriality of the US dollar
(Brunnermeier, James & Landau, 2021). At
the same time, however, questions remain
about interoperability, standardization, and
cross-border use (Auer et al., 2021),
especially in the context of differences in
digital readiness among member states.
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In terms of institutional design, two
fundamental models can be distinguished: the
direct model and the two-tier model. While
the direct model assumes that the central
bank will operate accounts directly for
individuals, the two-tier model retains the
intermediary role of commercial banks (Kiff
et al., 2020; Bindseil, 2020). In its discussion
papers, the ECB tends to favor the two-tier
model (ECB, 2020), which would minimize
the risks of a bank run and the central bank
being overburdened with unusual functions
(Ferndndez-Villaverde et al., 2021). This is
where the views of Keynesian economists,
who prefer a stronger direct fiscal role for the
state, diverge from those of monetarists, for
whom excessive central bank power over
microeconomic transactions would constitute
an erosive intervention in the market (Tobin,
1987). Ciritics also point to the problematic
transformation of the institutional identity of
central banks and the risk of undermining
their credibility (Niepelt, 2020).

CBDC could significantly change the
dynamics of monetary policy, especially in
periods of zero interest rates. The possibility
of introducing negative interest rates on
digital cash could theoretically expand the
scope for unconventional instruments that
have so far been limited by the physical
existence of cash (Agarwal & Kimball,
2015). Examples include “helicopter money*“
or expiring money with built-in consumption
incentives (Davoodalhosseini, 2022).
However, these proposals face considerable
institutional and political resistance, mainly
due to the controversial nature of their direct
impact on individual household finances and
interference in intertemporal decisions
(Goodhart & Pradhan, 2020). Critics point to
the possible blurring of the boundaries
between fiscal and monetary policy, which
could put pressure on central bank
independence (Buiter, 2020).

CBDC can change the paradigms of
privacy protection and citizens' trust in the
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state.

Digital transactions are inherently
traceable, raising fundamental legal, ethical,
and philosophical questions (Didenko et al.,
2020). Regulators find themselves on a
spectrum between “total traceability” (e.g., in
the case of the digital yuan) and “anonymous
digital cash” (e.g., eCash proposals), but

there are few workable compromises
between these two extremes. Empirical
literature points out that in democratic
regimes, concerns about digital control may
weaken the adoption of CBDCs (Bai et al.,
2022), while in authoritarian regimes,
CBDCs are perceived as a tool of political
surveillance. Therefore, the issue of trust and
democratic legitimacy in the FEuropean
context must be at the forefront of system
design.

CBDCs are often presented as a tool for
expanding financial inclusion, but available
data show mixed results. For example, as
stated in the methodological handbook on
financial inclusion in the context of CBDCs
(UNDP, 2025), without complementary
policies on digital literacy and access to
technology, CBDCs may, in some cases,
exacerbate digital inequalities. Similarly, a
study by Sahay et al. (2015) emphasizes that
the effectiveness of CBDCs in this area is
conditioned by broader social factors.
Environmental impacts cannot be ignored
either. If CBDCs were to use energy-
intensive consensus mechanisms (e.g., proof-
of-work), they would conflict with the
European Green Deal and ESG objectives
(Mooij, 2022; Blandin et al., 2020). It is
therefore important to emphasize efficiency,
renewable resources, and institutional energy
standards when designing the technical
architecture of CBDCs.

CBDCs are becoming not only an
economic but also a geopolitical tool. The
mCBDC Bridge project (HKMA-BIS) and
Project Dunbar (Australia, Malaysia,
Singapore, South Africa) point the way
towards cross-border interoperability and the
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strengthening of regional sovereignty. The
European Union should actively engage in
this debate to avoid the “monetary
marginalization” of the euro in the digital
space, as warned by some forecasts (Panetta,
2022).

7. Conclusion

The digitization of the monetary system
represents a fundamental shift in civilization,
one of the highlights of which is the advent
of central bank digital currencies (CBDCs).
In the European context, this transformation
can be understood as a multi-level process
involving technological innovation,
institutional adaptation, geopolitical
ambitions, and social cohesion issues. This
article aimed to comprehensively map the
development of the CBDC concept in the
European environment, analyze its potential
benefits and risks, and identify the main
factors that will determine the success of its
implementation.

The analysis shows that CBDCs are not
just a technological innovation, but above all
a tool that can fundamentally transform the
structure of the monetary and financial
system. The digital euro, as a concrete form
of a European CBDC, is currently at an
advanced stage of preparation, with the
debate shifting from technical feasibility to
strategic issues of functioning within the
existing Eurosystem architecture. The ECB’s
motivation for introducing a digital euro
stems primarily from the need to respond to
the decline in cash use, reduce dependence
on global technology companies in the field
of payments, strengthen the EU’s monetary
sovereignty, and prepare for the arrival of
new forms of digital competition, such as
stablecoins and corporate currencies.

From a technological perspective, there is
a clear diversity of approaches, both between
countries and within the ECB itself. While
most European initiatives are exploring the



use of DLTs, solutions based on conventional
database structures are also being developed
in parallel. The different approaches reflect
not only technological preferences but also
varying degrees of trust in centralized versus
decentralized systems, including issues of
scalability,  cybersecurity, and energy
efficiency.

The institutional model chosen is a very
important factor for the future of CBDCs.
The debate between a direct and a two-tier
model highlights a fundamental dilemma:
while the direct model can strengthen the
state’s control over the monetary base and
improve the transmission of monetary policy,
the two-tier model preserves the important
role of commercial banks and reduces the
risk of financial stability being disrupted. The
ECB's approach, which currently leans
towards a two-tier model, appears to be a
pragmatic compromise between innovation
and system continuity.

CBDC also opens up new possibilities for
monetary policy. In theory, digital currency
would allow for a more effective response to
cyclical fluctuations through instruments
such as negative interest rates on digital
currency holdings or so-called “expiring
money.” In practice, however, these
instruments face institutional and political
limits, including concerns about undermining
consumer choice and weakening trust in
monetary authority. Discussions on these
tools, therefore, remain largely theoretical for
the time being.

At the microeconomic level, it appears that
the success of CBDCs will depend on the
ability of regulatory authorities to balance

three  often  conflicting  requirements:
ensuring  privacy, enhancing financial
inclusion, and achieving technological

security. While the anonymity of cash is
crucial for many users, the digital nature of
CBDCs brings with it the inherent
traceability of transactions. It is therefore
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essential to design an architecture that allows
for at least some degree of pseudonymity or
strong privacy protection without
compromising the integrity of the system.

With regard to inclusion, the article points
out that CBDCs may not automatically solve
the problem of financial exclusion. Empirical
findings show that without complementary
measures—such as increasing digital literacy,
developing infrastructure, or promoting
access to technology—CBDCs may in some
cases exacerbate inequalities. It will therefore
be essential to combine the technological
introduction of CBDCs with inclusive public
policies, both at the national level and at the
EU level as a whole.

Last but not least, we must not overlook
the environmental dimension. At a time of
growing climate challenges, the introduction
of energy-intensive systems, such as those
based on PoW, is difficult to justify. A
European CBDC will have to be consistent
with the European Green Deal, European
ESG standards, and national climate targets.
This places high demands on technological
architecture and the process of selecting
external suppliers, as is evident from the
preparatory phase of the digital euro project
to date.

From a geopolitical perspective, CBDCs
are also taking on new significance. The
digital euro project can be seen as part of
broader European efforts to achieve strategic
autonomy. In the context of growing
competition from digital currencies, in
particular the digital yuan and proposals for
dollar-pegged stablecoins, the introduction of
a digital euro could strengthen the EU’s role
in the global monetary system while limiting
the influence of non-EU players on European
payment flows.

The findings indicate that several
recommendations for public policy can be
formulated. The introduction of the digital
euro should proceed in phases with clearly
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defined milestones — from setting the rules
for the functioning of the system, through the

implementation of pilot projects and
legislative anchoring, to the actual launch. At
the same time, an information and education
campaign should be conducted to increase
citizens’ confidence in the new system, as
trust is one of the key prerequisites for
successful implementation. Another
recommendation is that interoperability
should be based on open, well-documented
standards that ensure smooth integration with
existing wallets and terminals. We assume
that a transparent and predictable cost
framework is particularly important for small
and medium-sized enterprises.

Recommendations in the area of social
trust mainly concern education: the principles
of how CBDCs work should be clearly
explained to society, with a particular focus
on the younger generation as part of their
education on how to use these payment
methods. Seniors and digitally vulnerable
people are also an important group, for
whom a support and education system should
be created so that the new system is
beneficial to them and its non-use does not
lead to discrimination. In addition to
education, it is essential from the citizens'
point of view that the system is based on
privacy protection and a high degree of
transparency. The system should minimize
data collection, provide adequate
pseudonymity for low-value payments, and
enforce strict, auditable access regimes for
selected authorities, for example, in
connection with criminal proceedings.
Regular public reports (security, operability,
incidents), clear management of rule
changes, and meaningful user participation
(consultation and testing of the user
environment with citizens and merchants) are
essential. Prepared crisis communication
scenarios for outages, phishing, and
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misinformation will help prevent an increase
in mistrust at critical moments.

Based on the above findings, several
priorities  for  further  research  and
development can be formulated. First, deeper
empirical work is needed on the impact of
CBDCs on consumer and firm behavior (cash
substitution, savings patterns, willingness to
adopt). Second, models of the interaction
between CBDCs and monetary policy—
combining standard instruments with digital
features—should be developed to assess
transmission and stability. Third, a detailed
legal analysis is required (data protection,
interoperability, liability, cross-border
conflicts of law). Fourth, stress-testing
financial stability under CBDC scenarios
(deposit shifts, bank funding, credit supply)
is essential. Fifth, environmental assessments
should compare technological options under
standardized ESG methodologies. Finally,
participatory research on public trust—
combining surveys and qualitative studies—
should track attitudes toward privacy, state
capacity, and digital readiness across social
groups.

In conclusion, CBDCs are not merely a
technological phenomenon but a complex
socio-economic project whose impact will be
felt across institutions, markets, and the daily
lives of citizens. The success of the European
digital currency will depend not only on the
technical mastery of its implementation but
above all on trust, transparency, and the
ability to combine innovation with the
protection of the public interest.
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The Future of Money in Europe: Central Bank Digital Currencies?

ABSTRACT

The article examines the historical development, technological foundations, and institutional implications
of central bank digital currencies (CBDCs), with a particular focus on developments within the European
Union. Bitcoin and other cryptocurrencies have challenged aspects of traditional monetary systems and
accelerated interest in state-backed digital alternatives. In the European context, this transformation can
be understood as a multi-level process involving technological innovation, institutional adaptation,
geopolitical ambition, and social cohesion. CBDCs are not merely a technological innovation but
represent a powerful tool capable of fundamentally transforming the structure of the monetary and
financial system. From a technological perspective, there is a clear diversity of approaches both among
countries and within the European Central Bank (ECB). While most European initiatives are exploring
the use of distributed ledger technologies (DLT), alternative solutions based on conventional database
structures are also being developed. These varied approaches reflect not only technological preferences
but also differing levels of trust in centralized versus decentralized systems, and they raise key questions
regarding scalability, cybersecurity, and energy efficiency. CBDCs also present new possibilities for
monetary policy. In theory, digital currencies could allow for more effective responses to cyclical
fluctuations through instruments such as negative interest rates. From a geopolitical standpoint, CBDCs
are gaining significance, with the digital euro project forming part of broader efforts by the European
Union to achieve strategic autonomy.
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