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Foreword

Drew Propson

Head, Technology and
Innovation in Financial
Services, World
Economic Forum

David Treat

Senior Managing Director,
Innovation Incubation
Group Lead, Accenture

Over 98% of the global economy’s central
banks are researching, experimenting, piloting or
deploying central bank digital currency (CBDC)
to determine how to modernize the capabilities
of and improve access to central bank money
(CeBM)." An opportunity exists to make use

of ongoing innovations in CeBM to modernize
wholesale financial markets by enhancing
systemically important payments between
institutions. These markets demand secure

and efficient settlement infrastructure from
participants to promote financial stability, enable
domestic and international trade, and create
economic opportunities.

Central banks are modernizing real-time gross
settlement (RTGS) systems — the predominant
wholesale funds transfer system — and wholesale
CBDC (wCBDC) represents an opportunity

to address existing and emerging industry
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challenges across interbank payments and
securities transactions. Meanwhile, non-CBDC
payment instruments are arriving on the scene

— reserves-backed digital currencies (RBDCs),
deposit tokens (DTs) and fiat-backed stablecoins
(FBSs). These instruments are continually
challenging our collective view of digital money.

With this backdrop and a recent survey finding
that there could be 24 live CBDCs by 2030, the
importance of clarifying the role of CeBM and
wCBDC in the next generation of wholesale
financial markets is underscored, and this
report intends to deliver upon that goal.? Central
banks, commercial banks and financial market
infrastructures (FMIs) like custodians, depository
institutions, exchanges, clearinghouses and
settlement agents seek to better understand
wCBDC'’s value proposition.

In this context, the World Economic Forum

has collaborated with Accenture to articulate
how a wCBDC might provide differentiated
value. We took a holistic view of the relevant
industry challenges to produce practical insights
for policy-makers and the private sector’s
planning efforts to realize the full potential of
wCBDC, if pursued. Importantly, deep public-
private sector collaboration is necessary to
modernize wholesale financial markets securely
and efficiently.

O8%

of global central banks are
exploring CBDC to enhance CeBM
access and modernization.

live CBDCs are projected by 2030,
underscoring the need to define CeBM
and wCBDC'’s roles in future wholesale
financial markets.

Iy,

wCBDC represents an opportunity
to address challenges in interbank
payments and securities.
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Preface

The financial sector is on the precipice of the
next phase of wholesale central bank digital
currency (WCBDCO). In late 2023, Switzerland
saw the first-ever live wCBDC issued to settle
a digital bond transaction as part of a limited-
phase pilot. In Asia and the Middle East,
Project mBridge is redefining cross-border
payments using wCBDC by expanding its
observing members to 25 central banks and
Institutions ahead of its minimum viable product
launch this year. The European Central Bank
(ECB) has also begun testing wCBDC on
distributed ledger technology for securities and
foreign exchange transactions. The Bank for
International Settlements (BIS) general manager,
Agustin Carstens, stated that wCBDC should
be “taken for granted”, noting its expected
broad adoption.® With more than 200 central
banks, over 130 regulated financial market
infrastructures (FMIs) and a large proportion

of economic activity that relies on wholesale
financial markets, the question of wCBDC'’s
value proposition comes to the forefront.

While wCBDCs are already being used in limited
cases, wCBDC systems are still a new concepit.
The broad availability of wCBDC systems will
depend on policy choices focused on financial
stability and safe and sound market practices.
The legal and regulatory elements that will
govern the possibility of widespread use of
wCBDC have an unknown timeframe. Thus,
private-sector solutions may grow alongside
wCBDC development, and the outcome of
regulations will influence the future mix of
payment instruments.
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Executive
summary

This report explores the potential
of wholesale central bank digital
currency to address challenges in
financial markets through a global
multistakeholder approach.

Central bank money (CeBM) is crucial for
interbank payments and securities transactions
because it is virtually free of credit and liquidity
risk, enables institutions to reach settlement
finality and promotes financial stability. CeBM

is ideal for systemically important transactions
despite the emergence of alternative payment
instruments. Wholesale central bank digital
currency (wWCBDC) is a form of CeBM that could
unlock new economic models and integration
points that are not possible today. wCBDCs
promise to preserve the role of CeBM as a
credit risk-free payment instrument by providing
a foundational layer for digital payments in the
next generation of financial markets.

Four areas of differentiated value for wCBDCs are highlighted:

Realizing a global settlement window by harmonizing foreign
exchange (FX) and securities markets settlement times to overcome
operational hour disparities among key trading corridors.

Expanding payment-versus-payment arrangements
through cost-effective solutions that can support a
diversity of currencies to enhance currency liquidity.

Mutualizing data across parties by securely transmitting settlement
data across parties and jurisdictions to support automation, reduce
settlement risk, and enhance trade and post-trade activities.

Tokenizing credit risk-free settlement media for settling tokenized
securities and supporting emerging tokenized payment instruments.

These findings suggest wCBDC systems are
well-positioned to modernize cross-border
transactions, especially those involving multiple
parties and assets like FX or securities.

There is a set of persistent industry challenges
that require modernization beyond introducing

a new payment innovation. Further evidence

Is needed to conclude whether wCBDC can
effectively address: liquidity management
optimization, CeBM accessibility, compliance

by design and new and existing system
interoperability. This report offers a set of calls to
action for the industry to consider and continue
advancing the global dialogue in these areas.

Real-time gross settlement (RTGS) systems and
legacy infrastructure are being modernized to
meet evolving demands, and these systems will
exist in parallel with wCBDC. Likewise, privately
iIssued reserves-backed digital currencies
(RBDCs), deposit tokens (DTs) and fiat-backed
stablecoins (FBSs) are examined to distinguish
their potential role with wCBDCs and envision a
digital payments ecosystem where a diverse set
of payment options coexist.

Policy-makers, financial market infrastructures
and private sector leaders should apply these
insights to their respective jurisdictions to
ensure a more efficient, responsible and secure
financial future.
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Introduction

Through a global multistakeholder
approach, this report explores
how wholesale central bank
digital currency could address
challenges in financial markets.

Scope: This report proposes areas where
wholesale central bank digital currency
(wCBDC) could unigquely generate
differentiated value and considers what role
other emerging payment systems may play.

Select the tabs to
cycle between texts

<This report will> <wi|l not)

— ExammetadpstyynendlBrstiess, like retall
(el3iikcl aodfesbpalkmaytersiems (FPS).
and securities transactions.

— Delve into the potential monetary policy

— Adhisetionsltdtaare@8nCBDC
systems could modernize and provide

— BEtarteategoeaate. international trade,
trade finance and repurchase agreement

— Qatkatsthe key trade-offs
and considerations of wCBDC

— Apsiess tesiggks of quantum computers
to the financial sector’s systems and

— Qaasiderthetiatesrotmenepisla@n be
ghable ivatbesdigiValr msEetsnoesientesum
bebeaist digital currencies (RBDCs),
deposit tokens (DTs) and fiat-backed
stablecdims fE&BENess Toolkit: Building

a Quantum-Secure Economy

— Quantum Security for the Financial
Sector: Informing Global Requlatory
Approaches

— Advocate for or against the issuance
of wCBDC.

Research methods:

Desk research

that analysed 200+ industry reports
to establish a baseline of findings.

Expert interviews

with more than 50 experts representing
public and private sector stakeholders.

Community:

000

i Steering committee

of ten leaders from leading institutions
to advise on strategic direction.

ﬁ%@fﬁ Community

of over 100 expert members representing
more than 60 institutions.
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This report mentions a wide
range of industry terms that
are summarized here in
alphabetical order.

N

O
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Atomic settlement

The Bank for International Settlements (BIS)
defines atomic settlement as the “use of a
smart contract to link two assets to ensure that
the transfer of one asset occurs if and only if
the transfer of the other asset also occurs.”
It is important to note that atomic settlement
iIncludes both the instant and simultaneous
transfer of assets. Atomic settlement can
also be achieved without distributed ledger
technology (DLT) through programmatic
functions and codified rules. The two types of
atomic settlement relevant for this report are:

Delivery versus payment (DvP):
the exchange or concurrent transfer
of an asset like a security (delivery)
for a cash leg (payment).

Payment versus payment (PvP):

@ the exchange or concurrent transfer
of two cash legs, typically foreign
exchange (FX).

I,

Central bank money

The BIS states, “A central bank issues public
money via banknotes and central bank
reserves.” Central bank money (CeBM), in
the wholesale context, exists in the form of
reserves held at a central bank on behalf

of institutions and is accessed through an
electronic system that manages participant
obligations. MO money includes CeBM and

is the ultimate and final form of settlement
because it is virtually free of credit risk, except
for sovereign credit risk (e.g. a government
could be unable or unwilling to meet its credit
obligations, which impacts the value of its
currency). With the proper legal backing to
govern the transactions, commercial banks
and other financial institutions (FIs) use CeBM
to facilitate settlement finality.

Commercial
bank money

A commercial bank liability in the form of
deposits held at the commercial bank, which
can be used for settlement purposes.® This
money constitutes a significant portion of the
global money supply and is a form of private
money created when banks extend loans.’

=

Deposit tokens

For this report, deposit tokens are defined

as a form of money that is a commercial

bank liability and represented as a token that
operates within the know-your-customer

(KYC) boundaries of the issuing bank(s). This
instrument is reserved for commercial and retalil
use, intra-bank payments, such as a bank
making internal book entries, and payments
between two or more banks.

Modernizing Financial Markets with Wholesale Central Bank Digital Currency
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Fiat-backed
stablecoins

A form of privately issued money
representing fiat currency values
commonly found on blockchains
(distributed ledgers). They maintain 1:1
convertibility with the underlying currency
through the issuer. This instrument is
backed 1:1 by reserves of high quality
and liquid cash-like assets such as
short-term treasury bills (T-bills), treasury
repurchase agreements (repos) and
balances at commercial bank deposits.
The total supply of the tokens will at least
match how much they have backed by
cash and cash equivalents (backing can
have an additional capital buffer).®

Reserves-backed
digital currencies

A privately issued payment instrument
backed 1:1 by central bank reserves,
and a bankruptcy-remote digital
currency secure from other creditors
In the case of operator and participant
default. Sometimes colloquially known
as a “synthetic CBDC”, which is a
misleading term because it implies
central bank backing. RBDC is not
CeBM. Per its community, this report
Proposes a more accurate designation:
reserves-backed digital currency.

mhn
CIE)

Real-time gross
settlement (RTGS) system

The predominant central bank-supervised
or -operated settlement system type that
achieves settlement in CeBM in real-time
and transaction-by-transaction.®

Wholesale CBDC

There are multiple definitions of wCBDC,
but for this report, a wCBDC is defined
as a tokenized CBDC designed for
iInterbank payments and securities
transactions between commercial banks,
financial institutions and possibly certain
global corporations.

Modernizing Financial Markets with Wholesale Central Bank Digital Currency
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2 Wholesale financial markets use cases

To examine opportunities to
modernize financial markets,
this report focuses on interbank
payments and securities
transactions.

While there are many relevant use cases,
this report focuses on two wCBDC

use case areas: interbank payments

and securities transactions because
these represent fundamental areas

of wholesale financial markets.

OEI;EIO Interbank payments
0lo

Interbank payments involve payments
in CeBM made between Fls.

a Domestic payments

Settle payment obligations between banks and other Fls within a

jurisdiction, whether a single payment leg (P) or two payment legs (PvP).

e Cross-border payments via nostro accounts

Settle cross-border payments between central banks, banks and other
Fls located in different jurisdictions (P, PvP).

e Cross-border payments via central bank accounts

Provide currency liquidity across jurisdictions using central bank
Infrastructure arranged by a market maker or dealer to fund cross-
border payments (PvP).

Securities transactions
|r[ (O)

Securities transactions represent payments
in CeBM as the “cash leg” in transactions.

a DvP for securities settlement

Settle securities trade activities involving equities and fixed-income
iInstruments domestically and cross-border, including tokenized
securities (DvP).

e Collateral and liquidity management

Serve as a payment instrument to be posted as collateral or used
to purchase or acquire intraday liquidity (PvP, DvP).

e Post-trade operations

Facilitate post-trade settlement and operations for securities, which is
a core subsequent process to DVP for securities settlement (PvP, DvP).

Modernizing Financial Markets with Wholesale Central Bank Digital Currency
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3 The digital money continuum

Money takes many forms, and
the ongoing digitization of cash
IS creating alternative payment
iInstruments that are increasingly
challenging the status quo.

Money is often considered a payment
instrument issued by a sovereign entity, like a
central bank issuing public money. However,
money can also be private, including when
commercial banks take customer deposits
and extend credit for loans, thus creating
commercial bank money. Further, non-

bank money is another form of private
money whereby licenced Fls, like money
transmitters, can issue money.

N

.

CeBM is most suitable for interbank
payments and securities transactions
because it:

— Carries no credit or liquidity risk: The
Principles for Financial Market Infrastructures
(PFMI) advises CeBM for systemically
important transactions where practical and
available to avoid credit and liquidity risks.™

— Facilitates settlement finality: A
bankruptcy-remote payment instrument
with the proper legal backing governs the
transactions to facilitate settlement finality,
which is the irrevocable and unconditional
transfer of an asset or financial instrument.’

— Maintains financial stability: CeBM
promotes the relevance and role of a virtually
credit-risk-free payment instrument in
financial transactions and supports existing
credit creation processes.

Note: This table represents an aspirational classification
of digital monies that are pegged to fiat currencies. The
exact designation of digital monies will vary depending on
the relevant rules and regulations in a given jurisdiction.
Many instruments, such as crypto-assets, are intentionally
excluded.

*Reserves-backed money incorporates elements of both
public and private money. While they are categorized as
private money in this table, given that the issuing parties
would be private entities, the issuance is backed by public
money, comprising central bank reserves that are part of
the bank’s balance sheet.

TABLE 1

The digital money continuum

Description

Issuer/
operator

Examples

Public money

Central bank
money

A central bank
liability can

be used for
settlement
purposes in both
physical and
digital formats.

Central banks

Virtually credit
risk-free

— General public
— Fls

— RTGS systems

— Wholesale
CBDC

Private money

Reserve-backed
money

A liability of a licenced
non-bank Fl or
commercial bank
backed by reserves in
an omnibus account
held at a central bank.

Commercial banks
or non-bank Fls

Bankruptcy-remote

— Bank customers
(commercial and
retail)

— Financial institutions

— Financial market
infrastructures (FMIs)

— Reserves-backed
digital currency”

Commercial bank

money

A commercial bank
liability in the form of
deposits held at the
bank, which can be
used for payment
pUrposes.

Commercial banks

Carries credit and
liquidity risk

— Bank customers
(commercial and
retail)

— Deposit token

Non-bank money

A liability of a non-bank
FI that holds a licence
to issue e-money

and can be used to
settle commercial
transactions.

Non-bank Fls

Carries credit and
liquidity risk

— General public

— Fiat-backed
stablecoin

Modernizing Financial Markets with Wholesale Central Bank Digital Currency
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3 The digital money continuum

Considering a tokenized
wholesale CBDC

While there are still several views on this
topic, this report proposes that tokenization
differentiates wCBDC from conventional
systems. Tokenization generally refers to
using technology to create digital tokens
representing an asset or an underlying asset
that can then be issued, traded and managed
on compatible platforms. DLT and blockchain
are often conflated with tokenization;
however, tokenization is also possible through
centralized technigues. The desired business
outcomes driven by tokenization are:

Proof of value: Provides evidence
% or verification that an asset has a
certain value or unigueness.

Proof of ownership: Establishes
Z§ unambiguous ownership and

assigns agency of the asset

to the rightful owner.

Proof of transaction: Produces
a verifiable record to provide
transaction history and evidence
of settlement.

TABLE 2
Conventional vs tokenized transactions

Proof
of value

Proof of
ownership

Proof of
transaction

Conventional

Value is proven through
the transfer of physical
assets or electronic book
entries facilitated by
trusted intermediaries.

Ownership is evidenced
by legal documents or
centralized databases
maintained by trusted
intermediaries.

Transaction proof is
generated through receipts
or records by centralized
entities like banks or
payment processors.

Tokenized

Value is established by
ownership and transfer of
digital tokens, which are

validated programmatically.

Ownership is encoded in
digital tokens, ensuring
permissioned access to
the transfer records.

Transactions are recorded
on a shared system,
providing evidence

of occurrence to the
involved parties.

Modernizing Financial Markets with Wholesale Central Bank Digital Currency
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Note: This stylized diagram simplifies the comparison

between conventional and tokenized by comparing the
two in a domestic context. Also, the distinction between
central bank-operated and -supervised infrastructure is
jurisdiction-dependent.

FIGURE 1

Conventional vs tokenized wholesale payment and settlement

wholesale payment and settlement

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

allllA —®
Central bank RTGS system
Debits
credits
Commercial Commercial FMI FMI
bank A bank B A B

Users of a book-entry-based RTGS system with designated accounts
can initiate and submit transactions to the central bank-operated
settlement infrastructure for validation.

The central bank validates the transactions and updates respective
participant balances in the RTGS system, resulting in each participant
updating their internal books and core banking systems.

wholesale payment and settlement

Commercial FMI

bank A

Central bank-operated
infrastructure

e~ ~

Commercial FMI
bank B A

Node operators of a token-based system can initiate and complete
transactions among each other and validated natively by the network.

The central bank-operated infrastructure authorizes transactions
based on the balances in the participant’s institutional wallets or
vaults, resulting in the transfer of value.

——

@ Tokens sent
Tokens received

Sm—
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4 wCBDC initiatives

Modernizing Financial Markets with Wholesale Central Bank Digital Currency Contents % %




FIGURE 2

Global wCBDC efforts

4 wCBDC initiatives

From 2017 to today,

wholesale CBDC programmes — -
: : . g::]f‘; aasn[;e;(phases I, II, Il and IV) | 2017-2019 BANQUE DE CE

are continuing to redefine anad

Project Jura | 2021

fi nanCial markets . Swiss National Bank

Bank of France

Project Helvetia (phases I, I, and Ill) 2020-present
Swiss National Bank, BIS Innovation Hub

Technical Experimentation | 2021
Project Onyx | 2021

Bank of France, Monetary Authority
of Singapore

Project Mariana | 2022
Bank of France, Swiss National Bank,
: Monetary Authority of Singapore

Innovations in how CeBM is delivered are
driven by a need to keep pace with the

Liquid-Share Consortium | 2021 Technical Exploration | 2023-present SWIFT CBDC Sandbox (phase I) | 2023
European Central Bank Hong Kong Monetary Authority, National Bank -
of Kazakhstan and others

Euroclear Consortium | 2021
HSBC Partnership | 2021

Iznes Partnership | 2021 Project Venus | 2022
Bank of France
Central Bank of Luxembourg

Project Stella | 2016-2020
Bank of Japan, European Central Bank

diversity of modern payment technology,
address problems with current infrastructures
and meet international standards (e.g.

SEBA Bank | 2021
Bank of France

PN
Project mBridge | 2021-present

Digital Currency Institute of the People’s Bank of China,
Hong Kong Monetary Authority, Bank of Thailand, Central
Bank of the United Arab Emirates, BIS Innovation Hub

Committee on Payments and Market Project Hamilton | 2022
Infrastructures (CPMI) — International

Federal Reserve Bank of New York ; : :
Technical Experimentation | 2023

Project Lithium | 2022 Bank of Spain

i i it I I Digital Dollar Project, D itory Ti
Organization of Securities Commissions o g oo Tt >
(10SCO) PEMI) for using CeBM in Project Cedar (P2) x Ubin | 2023

Federal Reserve Bank of New York,

System |Ca| |y |m por‘tan‘t Systems . Monetary Authority of Singapore ProsperUs Consortium | 2021 Project Aber | 2019

Bank of France, Central Bank of Tunisia Saudi Central Bank

Central Bank of the

United Arab Emirates Digital Rupee Pilot | 2022 I
Reserve Bank of India

Project CBDCPh | 2022
Republic of the Philippines

Project Ubin (phase | and ll) | 2017
wCBDC Pilot | 2024
Monetary Authority of Singapore

Pilot Drex | 2023 Project Digital Ngultrum | 2021

Central Bank of Brazl Royal Monetary Authority of Bhutan Project Garuda | 2022

Bank of Indonesia

Project Inthanon-LionRock | 2019
Hong Kong Monetary Authority,

Project Khokha (phase | and Il) | 2018 Bank of Thailand

South Africa Reserve Bank (SARB) - Proj;ct :‘tc;rz | 202|1
eserve Bank of Australia

Project Dunbar | 2022

Reserve Bank of Australia, Monetary Authority
of Singapore, South African Reserve Bank,
Central Bank of Malaysia, BIS Innovation Hub

SWIFT CBDC Sandbox (phase Il) | 2024
Reserve Bank of Australia, Deutsche
Bundesbank, Hong Kong Monetary Authority,
Bank of Thailand, Bank of Canada and others

Proof-of-concept . Prototype ‘ Pilot
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4 wCBDC initiatives

A 2022 BIS survey found that there will likely
be at least nine wCBDCs circulating by 2030,
and the Swiss National Bank (SNB) issued

a live Swiss Franc wCBDC to settle digital
securities transactions as part of a limited-
time pilot in December 2023."2 In November
2023, the Monetary Authority of Singapore
announced that they would pilot the live
issuance and use of a wCBDC in 2024 to
facilitate domestic interbank payments.™
Another notable initiative is Project mBridge
(BIS Innovation Hub et al.), which has begun its
MVP phase, and has transacted with real value
wCBDC across the four jurisdictions in scope.

Most wCBDC experiments have focused on
cross-border payments (e.g. Jura, mBridge,
Dunbar, Mariana), as cross-border use cases are
believed to be the strongest for transformation,
including elements like governance, KYC/
anti-money laundering (AML)/countering the
financing of terrorism (CFT), data privacy,
capital flows, monetary policies, cybersecurity
and financial stability. According to the 2022
BIS survey of 86 central banks, advanced
economies (AEs) and emerging market and
developing economies (EMDEs) reported
cross-border payments efficiencies as the
primary motivation for pursuing wCBDC.

FIGURE 3

Motivations for issuing
a wholesale CBDC

FIGURE 4

Cross-border frictions that a
wholesale CBDC could address

Average importance, 1 (not so important) — 4 (very important)

Wholeslae

4 a a a
3 | o | ® O o 0 0
"’500*’: "oi.;g - *
‘ O ® : Q . ¢ | o o ® © | @ o © o
: . ® % e, * '
1 | , o ¢ o o , ,
18 19 20 21 22:18 19 20 21 22:18 19 20 21 22:18 19 20 21 22:18 19 20 21 22:18 19 20 21 22
Financial Monetary policy Financial Payments efficiency Payments efficiency Payments safety/
stability implementation inclusion (domestic) (cross-border) robustness

@® AEs @ EMDEs

Source: Kosse, Anneke and llaria Mattei, Making headway — Results of the 2022 BIS survey on central bank digital currencies and crypto, BIS, 2023.
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5 Industry
challenges
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5 Industry challenges

Eight industry challenges

were analysed to determine
corresponding opportunities for
wCBDC to address key pain
points in financial markets.

Taking a holistic approach, this report
analyses the relevant challenges for wCBDC
systems to derive insights into where and how
differentiated value can be activated.

@ Interbank payments

(O)| Securities transactions

FIGURE 5
Identified financial markets industry challenges

B o

1. Disparate settlement
cycles

While designed to eliminate
risk, reducing global
settlement times could
inadvertently increase
settlement, counterparty
and technology risk.

2. Operational risk and
settlement failures

An amalgam of data

quality challenges, limited
interoperability and manual
processes lead to settlement
failures in securities markets.

) S

3. Growing FX
settlement risk

Limited affordability

and accessibility of PvP
arrangements and a rise in
the usage of non-CLS-eligible
currencies are driving growing
FX settlement risk.

r®¢

OF =

4. No tokenized
credit risk-free
settlement medium

The growth in the tokenization
of assets underscores the
need for commensurate
tokenized cash to promote
the role of CeBM.

S ®

5. Instant settlement
could increase liquidity
risk

Instant and atomic settlement
may increase liquidity demands
and risks already raised by

the shift to gross settlement.

6. Disjointed regulatory
Interoperability

A divergence in policy, rules
and regulations creates
inconsistencies between
jurisdictions, resulting in friction
for cross-border use cases.

i ®

7. Slow cross-border
payments in high-risk
regions

De-risking and cost-cutting
measures are reducing the number
of correspondent banks globally,
limiting accessibility to cross-border
payments for users worldwide.

S e

8. Lack of
secure technical
interoperability

A flurry of new systems could
lead to a disconnection
between DLT and conventional
systems, resulting in increased

risk and liquidity fragmentation.
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5 Industry challenges TABLE 3

Summary of areas of differentiated value
and persistent challenges

Summary of findings

Each of these industry challenges were
evaluated and a commensurate area for
modernization was identified. Table 3
captures a summary of the findings for
each area for modernization and discerns
the persistent challenges from the areas
of differentiated value.

Industry challenge

Disparate settlement
cycles

Q%o . .
%?5» Area for modernization

Realizing a global settlement window

Operational risk and
settlement failures

Mutualizing data sharing

An area of differentiated value is an
identified challenge that wCBDC could
uniquely address given its generally-
understood core capabilities.

A persistent challenge is a barrier
resulting from a challenge rooted in more
than just the payment instrument but

can include elements like regulation,
compliance, geopolitics and long-standing
trade-offs.

Growing FX
settlement risk

Expanding PvP arrangements

No tokenized credit
risk-free settlement medium

Tokenizing credit risk-free settlement
media

Instant settlement could
increase liquidity risk

Optimizing liquidity management

Disjointed regulatory
interoperability

Ensuring compliance-by-design

Slow cross-border
payments in high-risk regions

Accessing central bank money

Lack of secure technical
interoperability

Interoperating with new and existing
systems

Finding

Area of
differentiated
value

Persistent
Industry
challenge

Modernizing Financial Markets with Wholesale Central Bank Digital Currency

Contents

21



¢ Areas of
differentiated
value




6 Areas of differentiated value

Areas of differentiated value
were identified as ripe for
modernization using wCBDC
and should be considered as
near-term focus area.

Click on an icon below
to find out more about each
area of differentiated value

S

Disparate
settlement
cycles

While designed to eliminate risk,
reducing global settlement times
could inadvertently increase
settlement, counterparty and
technology risk.

Modernizing Financial Markets with Wholesale Central Bank Digital Currency

Lack of a “global
settlement window”

The global nature of capital markets has
resulted in a need for harmonized settlement
cycles across regions. “Settlement cycle” refers
to the time elapsed between the date a trade

is made (or executed) and the settlement date
(when participants receive cash or the security
that was purchased), at which point the
transaction is deemed final. For example, when
a trade occurs in Europe and aims to settle in
Asia, there is a limited time zone overlap (2-4
hours) during RTGS sytem operating hours,
complicating trade and post-trade processes.
This disparity across regions can be attributed
to operating-hour gaps due to policy objectives,
time-zone differences, operational constraints
and cultural differences in working hours. For
example, some Islamic countries observe
working days between Sunday and Thursday.

Extending RTGS systems’ hours globally could
help meet the G20’s ambition of enhancing
cross-border payments. However, just four of
the 82 CPMI jurisdictions surveyed reported
having RTGS operating hours 24/7 or near
24/7. This gap impacts securities settlement
and FX transactions; the former could benefit
from wider settlement windows, while the
latter calls into question the ability to hold
overnight wCBDC (without any access to
intraday overdrafts) to address the transmission

of cash around the clock. The BIS proposed
the concept of a “global settlement window”

to address this disparity. Figure 6 illustrates

the limited overlap in RTGS operating hours
between jurisdictions and the global window
under discussion (6:00-11:00 GMT), which is a
five-hour period where the highest number of
RTGS systems operate concurrently across all
jurisdictions in the survey.'” While not an explicit
target, extending hours comes with personnel,
system feasibility and challenges related to
policy restrictions. While some technology
limitations are at play, market norms are the
predominant reason for limited 24/7 operations.
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6 Areas of differentiated value

FIGURE 6
RTGS system operating hours on working days for CPMI jurisdictions

Aspirational global settlement window
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Notes: AM = Americas; APAC = Asia-Pacific; AR = Argentina; AU = Australia; BR = Brazil; CA = Canada; CH = Switzerland; CLS = CLS Bank; CN = China; EA = euro area; EMEA = Europe,
Middle East and Africa; GB = United Kingdom; HK = Hong Kong SAR; ID = Indonesia; IN = India; JP = Japan; KR = Korea; MX = Mexico; RU = Russia; SA = Saudi Arabia; SE = Sweden; SG =

Singapore; TR = Turkey; US = United States; ZA = South Africa. Source: Committee on Payments and Market Infrastructures, Extending and aligning payment system operating hours for cross-
border payments, 2022.
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6 Areas of differentiated value

Click on an icon below
to find out more about each
area of differentiated value

The race to T+1

T+ is a convention used to denote a duration
of time from T (trading day or the day a
transaction took place) until settlement, where
all parties’ obligations are met. Conventional
securities transactions follow a T+2 settlement
cycle, settling two days after the trading

day. This is primarily due to standard market
practices and operational constraints.
Challenges today include delayed pre-

trade information, limited operational hours,
counterparty risk and manual processing.
Efforts to reduce market risk by shortening the
settlement cycle have led to India adopting T+1
in 2023 and Mexico, the United States and
Canada preparing for T+1 by May 2024. The
UK and the Eurozone are also exploring T+1
and T+0.

Reducing the settlement cycle from
T+2 to T+1 promises to:'®

— Increase the availability of liquidity and the
efficiency of deployed capital

— Decrease the length of exposure to
counterparties and reduce counterparty risk

— Reduce daily margin requirements for clearing
participants (T+1 could reduce this by 41%')

— Lower market and liquidity risk.

FIGURE 7

Timeline of the implementation of compressed global

settlement cycles
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T+2 to T+1
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Source: Citibank, Securities Services Evolution 2023: Disruption and transformation in financial market

infrastructures, 2023.
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FIGURE 8

6 Areas of differentiated value However, shortening settlement windows _ _

strains post-trade operations and legacy T+0 considerations

systems attempting to meet the newfound

demands for speed. Compressing the Accelerated securities settlement: T+0 considerations

settlement window is also a risk-reward-based

decision for each jurisdiction. Factoring in time T+0 gross T+0 intraday (netted) T+0 end-of-day (netted)

zones relative to the sources of capital inflows Like instant settlement, T+0 gross A form of netted T+0 intraday Involves a batch processing approach
S . achieves settlement immediately settlement refers to setting where transactions are bundled and

for a jurisdiction could dictate to what degree on the trading day and relies on transactions within the same settled at the end of the day using bulk

pre-funded accounts and securities trading day, but in predefined settlement and netting.

settlement windows should be shortened.
This would be to not unduly constrain or
limit inflows by creating frictions on the time
allowed to settle or locate liquidity, which can TS ¢
Click on an icon below strain foreign investors. The Securities and
to find out more about each Exchange Commission estimates US industry ¢ o 4 L 4 L 4 2 2 2
area of differentiated value investments of $3.5-4.95 billion to achieve
T+1, with compliance costs at $5.5 million per
institution.2 Citibank found that accelerated
settlements and updating legacy technology ¢ ¢ ¢
platforms are top priorities for FMIs.?

to be on hand. intervals or cycles.

4

T+0 as the likely next step

Many market participants anticipate T+0 as 4
a possible industry standard for settlement

windows once global markets have harmonized

®¢ towards T+1. Broadly, there are three variations

@@ of T+0: gross, intraday and end-of-day, as o 1 2 8 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
llustrated in Figure 8. T+0 intraday and end-of-

day are both forms of netted T+0. 24-hour trading day

4

‘ T+0 gross ‘ T+0 intraday ‘ T+0 end-of-day Settlement
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6 Areas of differentiated value

Click on an icon below
to find out more about each
area of differentiated value

T+0 gross settlement would theoretically
demand the most pre-funding and liquidity,
representing a major business model shift for
stakeholders, especially with today’s legacy
infrastructure. While instantaneous settlement
IS possible at the central securities depository
(CSD) level, according to State Street,
instantaneous settlement is not possible down
the custodial chain, and to achieve T+0, new
technologies like DLT may be required to support
features like atomic settlement.?? Additionally,
pre-trade, trade and post-trade activities must
be combined, and manual processes like trade
matching must be automated. RTGS services
would need to operate around the clock to
support this degree of compression. Additionally,
a fundamental overhaul of global clearing,
payment, and settlement systems would be
required to handle the increased pressure on
liquidity and systems.?® Therefore, implementing
T+0 is likely not a near-term phenomenon but

a trend worth considering in the spirit of future-
proofing systems.

2p, Realizing a global
74°  settlement window
using wCBDC

wCBDC could enable the aspirational 6:00-
11:00 GMT global settlement window.
Settlement windows globally pertain to three
general areas: FX and PvP (also covered in detail

later in this report), securities transactions and
DvP (jurisdiction-specific), and derivative-related
transactions. wCBDC systems could represent a
liquidity storage mechanism that runs 24/7 and
addresses use cases without a limitation related
to time zones or jurisdictional boundaries.

For example, Project Jura demonstrated that
wCBDC could be used to settle tokenized
securities transactions across borders. In
addition to around-the-clock operations,
wCBDC could also support programmable
payments and be designed to upgrade while
operational. For example, Fedwire cannot
upgrade while operational, a key constraint
when discussing expanding from the current

22 hours five days per week to operations on

a 24/7-basis. In contrast, the new retail and
commercial real-time fast payment system (FPS)
FedNow can be upgraded online because of its
modern architecture and capabilities. Enabling
24/7 operations, programmable payments and
upgradeability could provide several areas of
benefits, including:

— Reducing liquidity and credit risk by
eliminating the need for overnight
credit extensions

— Maximizing the availability of settlement
windows to meet variable requirements

— Allowing system upgrades to occur while
the system is operational (around the clock)

— Maintaining liquidity bridges for inter-regional
trade to optimize collateral deployment

— Orchestrating multi-asset and multi-party
transactions across jurisdictions.

Differentiated value

While efforts are under way to enable RTGS
systems to run at or near 24/7, wCBDC
represents an opportunity to reach settlement
finality at any time of day as a supplement to
RTGS systems, if designed with this feature of
automatic operations at its core, much like how
many retail and commercial FPSs operate. It is
worth noting that FPSs are generally intended
for retall and commercial use cases only;

thus, enabling 24/7 operations via FPSs has
benefits limited to the jurisdiction in which it is
deployed (e.g. FedNow in the United States
and Unified Payments Interface in India). A key
requirement to realize this value is the need for
overnight wCBDC to support the around-the-
clock settlement windows. Enabling a 24/7 or
near-24/7 wCBDC system will also support
jurisdictional policy objectives of shortening
settlement cycles, like T+1 and eventually T+0O.
Certain regions may benefit from 24/7 operations,
including major economic centres facilitating
cross-border transactions or serving as bridge
currencies in FX markets.
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6 Areas of differentiated value

Operational risk
and settlement
failures

An amalgam of data

quality challenges, limited
Interoperability and manual
processes lead to settlement
failures in securities markets.

Click on an icon below
to find out more about each
area of differentiated value
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Settlement delays,
fallures and costs

While there have been improvements in the
straight-through processing of securities
transactions, challenges remain. Based on data
from the Swift network covering cross-border
settlement, about one out of every ten securities
transactions requires correcting or will fail:

4.9% of settlement instructions are cancelled
before or on the settlement date, and 4.8%

of settlements are delayed.?* These incidents
are increasing, with a 9% growth in cancelled
instruction rate and a 16% increase in late
settlements from 2020 to 2022.2° There are four
causes of settlement failures:#°

— Information asymmetry and poor-quality
data related to incomplete standing settlement
instructions (SSIs) whereby counterparties to
a transaction do not have shared visibility into
error(s) encountered.

— Market volatility in times of increased trading
volumes creates strain for exception-based
trades (trades requiring manual intervention)
and can drive counterparty and credit risks to
rise substantially, challenging the securing of
cash in time to settle on time.

— Liquidity constraints where cash or securities
are unavailable, especially in transactions
involving FX.

— Legacy systems focused on post-trade
operations that suffer from many manual
processes. Some systems require downtime
for end-of-day or end-of-period batch
processing. Settlement window closures like
this could cause transactions to get “caught”
waiting for the relevant RTGS system to open.

According to Swift, settlement failures and
delays are on the rise because of unstable
market conditions, heightened geopolitical
tensions, cross-border transactions with long
intermediary chains (more points of failure),
multiple regulatory jurisdictions (covered later in
this report) and incongruent messaging formats
and data standards. Lastly, human error is
another reason for increased failures or delays
(e.g. keying in the wrong data for an SSl).

Less time to reconcile errors

Transitioning from T+2 to T+1 may not simply
result in a 50% reduction in post-trade
process time to mitigate settlement failures;

it could yield an 83% reduction (12 hours
today compared to two under T+1), which
significantly reduces time to reconcile errors,
locate funding and match trades.?” Settlement
costs are also rising in the form of funding and
capital costs. Estimates suggest that settlement
costs are rising approximately 14% each year,
and 5-10% of trades fail each day, driven by
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6 Areas of differentiated value human error and the seven non-interoperable

systems for which the average trade is routed.?®
These costs lead to operational risks for Fls,
like penalties and manual reconciliation, and
reqgulatory risks, like costly mandatory

buy-ins.

RTGS system outages

RTGS system outages stem from software
glitches and infrastructural or operational
constraints. These disruptions lead to
transaction delays, financial losses and
increased vulnerabilities. Maintenance
activities, hardware failures, transaction volume
constraints and other external factors are often
the leading contributors to such disruptions.
Consequences include compromised integrity,
participant confidence erosion and possible
economic repercussions. Mitigating risks
through cybersecurity measures, contingency
planning, system reviews, stress testing,
intraday monitoring and regulatory compliance
is crucial for RTGS system reliability.

Click on an icon below
to find out more about each
area of differentiated value

FIGURE 9

Key RTGS system outages (1990-2023)
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6 Areas of differentiated value

Click on an icon below
to find out more about each
area of differentiated value

2+p, Mutualizing data
°¢° sharing using wCBDC

Market participants could benefit from a
trusted, operationally resilient platform that
mutualizes (makes available across multiple
parties) data to achieve settlement finality. As
observed, a fundamental barrier to ensuring
more effective settlement of securities is

the information asymmetry of SSls between
counterparties, particularly when reconciliations
are needed to rectify errors in the data. In
today’s systems, high-quality SSI data is
imperative to correctly transmit payment
instructions and other important parameters
generated during a trade and used during
post-trade. It is often difficult to access when
multiple parties are involved, as each party
can only access their respective aspect of
the instructions. A single source of truth

has the potential to remove inefficiencies

and reconciliation and ultimately accelerate
the settlement cycle. Trusted, neutral FMIs
interacting with wCBDC could address
operational and settlement risk by:

— Mutualizing necessary data to facilitate
compatibility of trade and post-trade
across institutions

— Combining and automating trade and post-
trade process automation techniques

— Ensuring access to necessary SS| data
by applying robust permissions

— Mitigating the need for manual reconciliation
caused by errors or data discrepancies

— Preserving privacy at all levels of a transaction
to regulate and control access.

The BdF announced the lessons learned
from its wCBDC experimentation involving
using a cash DLT system to settle tokenized
transactions. It found that DLT could enhance
the straight-through processing of trade

and post-trade activities and strengthen
financial stability.?® The Depository Trust and
Clearing Corporation (DTCC), the Digital Dollar
Project and Accenture found, as part of a
CBDC pilot, that DLT offers the potential to
achieve operational efficiencies and enhance
transparency and reporting capabilities

for securities transactions by facilitating
orchestration between two networks: securities
and cash.®® This research also found that

DLT could be uniquely positioned to bolster
system recovery by “sharding” data across
multiple nodes in the network. Sharding

IS a technique in data storage where large
databases are partitioned into smaller, more
manageable pieces (shards) distributed
across multiple nodes or storage locations

to improve scalability and performance. To
preserve privacy, Project Tourbillon showed

that central banks can monitor the aggregate
use of CBDCs in real time without seeing

any personal information.®' Other elements,
such as operational resilience and scalable
performance in an outage, are foundational
to addressing operational and settlement
risks, ensuring smoother data-sharing
processes and applying permissions.

Differentiated value

Given the propensity of settlement risk and
failures in securities markets and reliance on
MO settlement infrastructure by banks and
FMIs, wCBDC could provide a differentiated
solution for addressing errors driven by data
quality issues. Using a central bank-operated
or -supervised infrastructure trusted among its
participants, wCBDC could enhance trade and
post-trade operations by permissioning access
to necessary parties through trusted rails.
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Click on an icon below
to find out more about each
area of differentiated value

Growing FX
settlement risk

Limited affordability

and accessibility of PvP
arrangements and a rise in the
usage of non-continuous linked
settlement-eligible (non-CLS-

eligible) currencies are driving
growing FX settlement risk.

Modernizing Financial Markets with Wholesale Central Bank Digital Currency

CASE STUDY 1
Herstatt and FX settlement risk

The bankruptcy of Bankhaus Herstatt in 1974
marks a seminal event in the history of FX
settlement risk and its importance. According to
the International Monetary Fund, FX settlement
risk equals the purchase currency’s full amount.
It lasts from when a payment instruction for
the currency sold can only be cancelled if the
currency purchased is received with finality.3?
When it closed, Bankhaus Herstatt had
already received payments in Deutsche mark
but not yet sent US dollar payments — this
unsynchronized FX activity led counterparties
to incur losses. The failure highlighted FX
settlement risk, also known as Herstatt risk.=s
The event caused panic in the market and

was one of many bank failures that led to the
formation of The Basel Committee on Bank
Supervision.** The public sector called to
mitigate FX settlement risk globally, and the
industry established CLS in 2002 to provide
PvP arrangements and allow the payment legs
of FX trades to settle simultaneously.

CLS'’s settlement service provides settlement
risk mitigation through PvP for 18 of the leading
currencies. It offers multilateral netting and
liquidity-saving features enabled by the daily
settlement window. In December 2023, CLS
announced that it settled a record value

_________
-~ Ss

~ -
________

of $16.3 trillion of FX payment instructions
with 99.5% net funding efficiency (less than
1% liquidity cost).®® However, nearly 50
years after Herstatt, and as of 2022, nearly
a third of FX turnover ($2.2 trillion) remains
subject to settlement risk. (The total FX
turnover in 2022 was an estimated $7.5
trillion, up from 6.6 trillion three years earlier.)
This is an increase from an estimated $1.9
trillion at risk calculated in April 2019.%6

FX settlement risk occurs because:

— A lack of affordable PvP arrangements,
and market participants make cost-benefit
decisions as to the risk exposure versus the
value of the transaction.

— Limited accessibility to PvP arrangements
based on time zone, peak liquidity hours and
currency pairing.®” This point materializes from
an increased demand for emerging market
economy (EME) currencies, which are largely
not CLS-eligible.
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Click on an icon below
to find out more about each
area of differentiated value

Increased EME
currency turnover

Between 2016 and 2019, the average daily
turnover of EME currencies, particularly in
Asia-Pacific, surged by nearly 60% to nearly
$1.6 trillion. The trading in currencies like the
Chinese renminbi, Indian rupee, Indonesian
rupiah and Philippine peso more than
doubled.®® Yet, EME currencies face limited
access to PvP arrangements, high volatility,
low liquidity (due to limited availability) and
dependence on bridge currencies, like

dollars, to facilitate trades, creating reliance
on another currency. This challenge is further
exacerbated by de-risking, which is discussed
later. Some currencies have capital (regulatory)
controls applied to them, which hinder their
ability to be traded freely in markets. Some
jurisdictions are exploring CBDCs to improve
speed and efficiency, reduce settlement risk
(via PvP), and use local currencies for trade
(e.g. Project mBridge).

FIGURE 10
Total FX turnover in EME currencies (2001-22)
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Source: Caballero, Julian, et al., “The internationalisation of EME currency trading”, Bank for International Settlements, 2022.
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Click on an icon below
to find out more about each
area of differentiated value

The importance and
declining use of PvP

The proportion of FX transactions settled on a
PvP basis has steadily fallen from 50% in 2013
to 40% in 2019, increasing FX settlement risk.®?
Expert opinion indicates that it is plausible

that many FX transactions occur “on-us” and
are not captured in the global FX settlement
risk statistics. These on-us orders include
inter-affiliate book entries, clearing house

book transfers and other methods. While the
total number of FX transactions in both PvP
and non-PvP is growing year-on-year, the
percentage using PVP is declining. This can

be attributed to an increased turnover in non-
CLS-eligible and EME currencies, which settle
a higher proportion of trades on a non-PvP
basis.***! Countries with non-CLS-eligible
currencies (around 10% of FX market value)*?
report higher rates of FX settlement risk.*3

Market participants have several options
to reduce and mitigate FX settlement risk,
such as:

— Pre-settlement netting and bilaterally offsets
payment obligations between participants

— On-us settlement to settle payment
obligations across the books of the same
legal entity or banking group

Modernizing Financial Markets with Wholesale Central Bank Digital Currency

— PvP arrangements where the final
payment of currency A occurs if the
corresponding payment in currency B
is fulfilled. PvP eliminates settlement
risk because of atomic settlement.

While these options exist, the principal reason
for a desire to conduct FX transactions on a
PvP basis is the reduction of counterparty and
credit risk.** Due to its ability to be applied

to a wider set of trading scenarios than pre-
settlement netting and on-us, it is more
attractive to scale.
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Click on an icon below
to find out more about each
area of differentiated value

FIGURE 11
Settlement risk of FX turnover
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Source: Bank for International Settlements, Facilitating increased adoption of payment versus payment (PvP), 2023.

2<r, Expanding PvP
°:© arrangements using wCBDC

FX settlement risk is growing because of the
limited accessibility and affordability of PvP
arrangements globally in the face of increased
turnover of EME or less liquid currencies not
supported on highly efficient platforms. Despite
this efficient model, EME regions often take on
settlement risk when they use EME currencies.
A wCBDC could help optimize FX markets by:

Facilitating affordable and accessible
multilateral PvP arrangement mechanisms
(if done cost-effectively)

— Reducing the barrier to entry for central banks
and their respective banking communities

— Supporting flexible currency conversion
arrangements for EME currencies

— Expanding access to non-domestic and non-
bank institutions to trade currencies

— Facilitating simple onboarding and
integrations with existing systems to
manage liquidity

— Supporting variable settlement windows
to expand access to various regions.

Modernizing Financial Markets with Wholesale Central Bank Digital Currency
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6 Areas of differentiated value While CLSNet supports more than 120
currencies, there are opportunities to gain
additional efficiencies for EME currencies.
Project mBridge shows that wCBDC could
increase accessibility to PvP arrangements by
facilitating direct bilateral connectivity between
banks, supporting local currencies by allowing
central banks to easily issue/redeem tokens
and create liquidity pools, interoperating with
conventional infrastructure, and reducing
settlement risk. Project Mariana was a proof-of-
concept to uncover the benefits of automated

Click on an icon below market makers (AMM) for currency liquidity.*®
to find out more about each Using a transnational network to integrate
area of differentiated value domestic platforms, Mariana found AMMs can:

— Combine FX trading and settlement into
one step (atomic) to lower settlement risk

i@g ?\.& — Establish a common shared platform

Do to optimize wCBDC liquidity

— Reduce reliance on settlement intermediaries
to access currency liquidity

— Enable multi-token liquidity pools to expand
currency liquidity.

Further, in the stablecoin context, Circle

and Uniswap jointly found that AMMs can
enhance currency liquidity and price discovery
by enabling passive asset owners to act as
liquidity providers.*® However, AMMSs typically

carry front-running trading strategies, smart
contract risks and high slippage costs, which
is the difference between the expected and
actual trade prices due to limited liquidity.
Considering relevant policies and regulations

is paramount. In many scenarios, the use of

a bridge currency, like dollars or euros, might
still be necessary for compliance reasons. This
requirement can lead to increased costs. The
regional scope of solutions may lead to liquidity
fragmentation, require pre-funding and do not
offer optimal liquidity-saving features. A central
intermediary may still be necessary for dispute
resolution. Lastly, intermediaries’ regulatory
status impacts the degree to which they can
onboard new currencies, such as banks under
stricter supervisory rules than non-bank entities.

Differentiated value

wCBDC could offer a unigue value model for
accelerating the diversification of currencies if
the costs to implement and adopt such PvP
arrangements remain low.
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Click on an icon below
to find out more about each
area of differentiated value

No tokenized
credit risk-
HEEEREEUE E
medium

The growth in the tokenization of
assets underscores the need for
commensurate tokenized cash
to promote the role of CeBM.
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Dematerialization and
tokenization of assets

Before the advent of computer-based
systems, the ownership of securities was
indicated by who held its physical certificate.
Dematerialization is an ongoing trend but can
be traced back to the 1960s when industry
participants recognized the benefits of
electronically recording security ownership on
a computerized ledger.*” By dematerializing
securities, the industry saw efficiencies and
improved security for investors. Different
jurisdictions have adopted different models and
paces for dematerialization.

In 2024, His Majesty’s Treasury’s

Digitization Taskforce will report on using full
dematerialization to further wider policy goals,
including improving access to shareholder
rights.*® The City of London Law Society noted
that dematerialization proposes to replace the
legal function of signed stock transfer form and
paper certificates, but that other interactions
between companies and shareholders, like
dividend payments and proxy appointments,
must also be improved.*® In assessing the
means for affecting dematerialization, some
have regarded it as too dramatic of a change to
garner widespread market adoption, informed
by the experience in Australia of its re-building
of the CHESS settlement system.*°

As with the Bank of England’s (BOE) RTGS
modernization programme, the intention is
to introduce a fully digitized securities system

that is future-proofed for incremental adoption
of DLT.

The tokenization of assets involves creating
digital tokens representing underlying assets
like real estate, equities, digital art, intellectual
property and even cash. Tokenization is a key
use case for blockchain, with some estimates
pointing towards $4-5 trillion in tokenized
securities on DLT by 2030.°

The primary drivers are the 24/7 accessibility

of tokenized systems and the ability to
democratize financial services by fractionalizing
assets into more affordable units. The BIS
proposed two models for bringing tokenization
into the monetary system: 1) Bring CBDCs, DTs
and tokenized assets on to a common unified
ledger, and 2) pursue incremental progress by
creating interlinking systems.*? They determined
the latter option was more feasible given that
the former requires a reimagination of financial
systems. Experimentation with the unified
ledger concept is ongoing.
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6 Areas of differentiated value

Tokenization total addressable market ($, trillion)

Click on an icon below
to find out more about each
area of differentiated value

2030 2030
non-financial corporate 2030 private equity/
and quasi-sovereign debt real estate funds venture capital

$187 trillion  $20 trillion $7 trillion

™ 2030 estimate e 2030 estimate e 2030 estimate
$1.9 trillion A $1.6 trillion A $0.7 trillion

tokenized tokenized tokenized

2030
securities financing 2030
and collateral trade finance

$42 trillion $12 trillion

=0 2030 estimate = 2030 estimate
$0.5-1.0 trillion $1.0 trillion
tokenized tokenized

Source: Citibank, Money, Tokens, and Games: Blockchain’s Next Billion Users and Trillions in Value, 2023.
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Click on an icon below
to find out more about each
area of differentiated value

Tokenized assets gain traction

The bond market has seen an uptick in adoption,
with tokenized bonds reaching $3.9 billion globally,
with nine-tenths of them issued between 2021

and 2023.°° A leading example is Project Genesis
1.0, led by the Hong Kong Monetary Authority
(HKMA) and BIS Innovation Hub (BISIH). These
are two prototype digital platforms that aimed to
enable investment in Hong Kong green bonds with
higher transparency and greater access to retall
investors were successfully developed.

In Project Genesis 2.0, the HKMA and BISIH
explored using blockchain, smart contracts and
other related technologies to demonstrate the
technical feasibility of tracking, delivering and
transferring digitized carbon forwards (also known
as mitigation outcome interests).>* Building on

the success of Project Genesis 1.0, the HKMA
commenced Project Evergreen in 2022, which
used DLT to settle securities tokens on a DvP-
basis. These transactions represented the green
bond issued by the government (security token)
and cash tokens representing a claim for Hong
Kong dollars (HKD).>> Additional examples in other
regions include IDB Group’s bond issuances in
Colombia and Spain.

There are more global examples of regulators
clarifying the role of tokenization. In February
2023, the Korean Financial Services Commission

announced its plan to authorize issuing and
circulating security tokens with strong private-
sector interest in capitalizing on this nascent
space.*® In Indonesia, a new regulation was
signed into law in early 2023, which transferred
crypto regulatory powers from the commodities
watchdog to the Financial Services Authority
(Otoritas Jasa Keuangan), the country’s securities
regulator. This indicated an acknowledgement
that these digital assets could be treated as
securities.”” Money market funds (MMFs) are
also seeing growth in tokenization, with Franklin
Templeton’s tokenized MMF surpassing $270
million in assets under management in April
2023.%® The asset manager is pursuing a strategy
to tokenize MMFs on multiple blockchains,
including Polygon.®® Further, the Bank of New
York Mellon reported that 97% of institutional
investors believe tokenization will revolutionize
asset management by increasing efficiencies,
reducing costs, fractionalizing ownership and
broadening access.

In 2021, Euroclear led a consortium of banks

to successfully deliver an experiment with the
BdF involving the DvP settlement of a sovereign
bond against a CBDC and POC, which laid the
groundwork for the 2023 launch of a Digital
Securities Issuance (D-SI) service, inaugurated
with the issuance of a €100 million World Bank
sustainable bond. Such initiatives have confirmed
the potential of DLT to deliver some efficiencies
to capital markets by, for example, removing

part of the reconciliation workload, helping the
identification of end investors and reducing the
settlement cycle. A core attribute of the D-Sl is
its full adherence to the EU’s Central Securities
Depositories (CSD) regulation. To mitigate liquidity
fragmentation caused by DLT systems, a D-SI
issuance is fully integrated into conventional
systems to support secondary trading. In the
case of the World Bank’s issuance, trading was
helped in secondary markets within minutes of
primary distribution, and the bonds entered the
collateral management systems that form the
backbone of fixed-income flows. International
CSDs Clearstream, DTCC and Euroclear are
working towards production-grade interoperable
systems that facilitate cross-border capital flows
based on DLIT. Observing that “individual and
private explorations of DLT’s potential now need
to become an industry-wide effort to consolidate
and connect liquidity, based on common
standards and processes,”®' these infrastructures
have committed to tackling:

— Driving open market feedback around the
required characteristics of DLT networks,

data access, privacy and smart contracts

— Enabling greater interoperability across DLT
protocols through the adoption of standards

— Enhancing operational resilience

— Accelerating production scale
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Click on an icon below
to find out more about each
area of differentiated value

CASE STUDY 2
SDX’s tCHF token

SIX Digital Exchange AG (SDX) offers a robust
platform for primary and secondary digital
securities markets as a digital central securities
depository and exchange regulated by the
Swiss Financial Market Supervisory Authority
(FINMA). Since its launch in November
2021,%2 SDX has issued almost a billion CHF
worth of digital securities, including UBS’s
tokenized bond issuance on the SDX platform
iNn November 2022, valued at CHF 375 million
(Swiss francs).®® To enable the settlement of
digital securities transactions on chain, SDX
iIssues its Swiss franc token called “tCHF”
(tokenized CHF), which is created based on
deposits SDX holds in a central bank account
at the SNB. While tCHF acts like an RBDC,
being backed by central bank reserves, it is

different in that it is not fully bankruptcy remote.

SDX tCHEF is a tokenized claim against SIX
Digital Exchange AG, fully backed by central
bank reserves and allows participants to
deposit tCHF tokens and use them to trade
intermediated securities within the SDX network.
SDX participants can acquire tCHF tokens by
transferring funds from their account in the Swiss
Interbank Clearing (SIC) RTGS system to SDX’s
SIC omnibus account (RTGS system transfer)
and receive that amount of tCHF tokens on the
network to trade and settle tokenized securities.
All participant funds are held collectively and
frozen until participants detokenize their tCHF
tokens, upon which the equivalent funds are
transferred to the participant’s SIC account.

While the SDX tCHF model is cutting-edge and
offers customers a proxy to CeBM, the collateral
paid into SDX’s SIC account is a risk-exposed
position and must be risk-weighted accordingly.
This results in capital charges imposed by
regulations, which are costs associated with

banks needing a buffer to absorb potential
losses. This configuration results in a limitation
observed by corporate treasuries as the funds
are not completely riskless.

While still beneficial, a challenge persists:

no credit risk-free cash is available to settle
tokenized asset transactions.®* To address

this, the Swiss National Bank, with SDX, is
undergoing phase three of Project Helvetia,
where for a limited time, intraday wCBDC CHF
IS being used for selected primary market
transactions on the SDX platform. The first
transactions were completed in December
2023, and the project will continue through mid-
2024.%556 This is an intraday, not an overnight
wCBDC. Intraday implies the wCBDC would be
converted back to traditional reserves held at
the central bank at the end of the. Meanwhile,
overnight implies the token would remain intact
and carry over to the next day in the same
format, remaining a central bank liability.
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6 Areas of differentiated value QEEO Tokenizing credit risk-free
79 settlement media

Tokenized CeBM could derive value by
traversing between regulated settlement
platforms. wCBDC allows participants,
including digital CSDs and digital asset
exchanges, to deliver composable and
programmable credit risk-free cash to eliminate
counterparty risk. wCBDC could realize

value by:
Click on an icon below
to find out more about each — Complying with the PFMI principle to use
area of differentiated value CeBM for tokenized transactions

— Settling large-value tokenized securities
transactions natively and credit risk-free

i@g ?\.A — Promoting the singleness of money by

Do expanding the role of CeBM

— Ensuring financial stability by serving credit
risk-free composable money for transactions

— Interoperating with private DLT platforms
natively, including reading/writing
cryptographic proofs

— Providing evidence of transaction
completeness to counterparties and
possible intermediaries

— Reducing capital charges and
bankruptcy risks associated with
commercial bank money.

Project Helvetia has proven the feasibility

of settling tokenized securities using a real,
limited-phase wCBDC to eliminate credit

risk and support system stability. The BdF
experimented with the full interoperabllity

solution to enable securities transactions with
wCBDC, representing an innovative approach

to interoperating with conventional systems.®”

For cross-border securities settlement, Project
Jura in 2021 demonstrated the feasibility of
clearing foreign currency as part of cross-border
payments and securities transactions, signifying a
transformative use of CeBM across jurisdictions.
Additionally, Project Jura found that subnetworks
and dual notaries can enable the safe issuance of
wCBDC on private DLT platforms.©®

Differentiated value

As tokenized CeBM, wCBDC could offer
immediate benefits for the growing tokenized
securities market. wCBDC could provide MO
settlement for tokenized securities transactions
to improve financial stability and reduce costs
for market players who rely on privately issued
monies, which are not bankruptcy-remote and
carry capital charges.
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7 Persistent industry
challenges




/ Persistent industry challenges

Persistent industry challenges were
identified as areas that require more
than a digital payment instrument
enhancement because they are
dependent on elements like regulation,
compliance and geopolitics.

Click on an icon below
to find out more about each
Persistent industry challenge
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Instant
settlement
could increase
liquidity risk

Instant and atomic settlement
may increase liquidity demands

and risks already raised by the
shift to gross settlement.

Modernizing Financial Markets with Wholesale Central Bank Digital Currency

RTGS systems background

Before the 1990s, deferred net settlement
systems boosted liquidity efficiency but
introduced credit and counterparty risk if

a party could not meet its obligations. To
address these credit concerns, central banks
transitioned to RTGS systems to ensure the
settlement of each transaction individually
(gross settlement) and minimize the risks
associated with netting. Since their introduction
in the 1990s, RTGS systems have grown to
support payments in over 160 countries.®®
This approach reduced counterparty risk but
heightened liquidity risk (i.e. insufficient funds
to settle payments), necessitating increased
pre-funding for intraday transactions, incurring
additional bank costs."®

Liquidity saving mechanisms

Effectively managing intraday liquidity
prompted the development of liquidity-saving
mechanisms (LSMs) to augment RTGS
systems and help banks reduce their liquidity
risks and costs.”" LSMs are financial tools that
provide payment queuing facilities.”? LSMs
allow banks to condition the release of queued
payments upon receipt of offsetting payments,
thus significantly reducing liquidity costs for
participating banks. LSMs addressed growing

liquidity needs through transaction netting,
queuing and offsetting. Despite LSMs, banks
still hold excess liquidity for unforeseen events,
resulting in idle funds that could prove costly in
high-interest-rate environments with elevated
borrowing costs. The industry continues to
minimize intraday liquidity costs and risks
while balancing settlement finality with liquidity
optimization, like the provisioning of intraday
liquidity by central banks in response to the
needs of RTGS systems.

Exacerbating liquidity risk

Innovative settlement systems reinforce the
value of instant and atomic settlement,” where
transactions with multiple components settle
instantly and simultaneously in seconds. While
this approach offers advantages like concurrent
transfers of an interbank payment for security
(i.e. DvP), it can increase liquidity demands

for certain trading scenarios as the point from
trade to settlement is within seconds rather
than days. If instant and atomic settlement

is universally applied, it could increase the
demand for cash and assets to pre-fund
accounts for settlement. If deemed desirable for
a trading scenario, instant settlement requires
an increase of the cash holding limits to support
increased liquidity demand. Conventional
netting, queuing and novel methods like
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resequencing may be necessary to mitigate
these risks and costs and accommodate
different trading scenarios.”™ However, more
evidence of novel liquidity-saving techniques,
such as instant and atomic settlement, is
needed to conclude their efficacy.

Instant and atomic settlement represents

a model whereby CeBM (P, for payment of
cash) and an asset (D, for delivery of asset
like a security) can be immediately and
simultaneously exchanged, thus reducing
counterparty and credit risk. This allows
wholesale payment and settlement systems
to facilitate more than just cash settlement by
facilitating composability with assets.

2&p, Optimizing liquidity
4% management

Netting, queuing and offsetting are fundamental
In reducing liquidity costs, while intraday
liquidity buffers will likely remain necessary.
Certain trading scenarios, like FX, benefit

from multilateral PvP. In contrast, others, like
securities transactions that touch multiple
parties, possibly across jurisdictions and asset
types, may benefit from instant and atomic
settlement to mitigate counterparty and liquidity
risk. Due to limited consensus on the efficacy
of instant and atomic settlement in resolving

FIGURE 13
Stylized evolution from net to instant and atomic settlement

© nhdm Qa
@ ® @ ~n ——
0 L0 '%b
Net Gross Instant and atomic
settlement settlement settlement

Like gross settlement, more
payments are made instantly in
exchange for the delivery of an
asset, like a security — can be
achieved through netted T+0.

Fewer payments are made More payments are made
between parties because of the between parties because each
netting of obligations via LSMSs, like transaction is treated individually
queuing and netting — typically, a if no LSM is applied — this can be
T+2 settlement window. achieved the same day.

b
Party B Party B

b B N G @ g

~2 days Cash (P) ~1 days Cash (P) Immediate Cash (P) Asset (D)

Source: Accenture.
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long-standing liquidity challenges, this report
Proposes areas where more research is needed
to determine wCBDC'’s efficacy in mitigating
liquidity risk:

— Test the efficacy of instant and atomic
settlement to realize liquidity savings
compared with traditional like netting and
emerging techniques like resequencing’
under trading scenarios that involve multiple
parties, multiple assets and jurisdictions (i.e.
Cross-border)

— Explore whether LSMSs, including privately
operated LSMs, should be applied to
wCBDC systems to offer settlement variability
to market participants based on the trading
scenario (the availability of technigues will
vary by jurisdictional legal frameworks).

There is an ongoing debate about whether
LSMs should be applied to wCBDC because
It is envisioned to address a new set of

use cases like atomic settlement. In 2021,
BdF experimented with Euroclear France,
Agence France Tresor, and primary dealers,
where LSMs, such as recycling and auto-
collateralization, have been successfully
tested.”® RTGS systems are often short-liquidity
likely because they address a wide set of use
cases; wCBDC systems could address fewer,
specialized use cases and be more focused.

However, it is unclear if wCBDC could alleviate
liquidity risks, and this report proposes
methods to advance discussions. Any
modernization would depend on policy-makers
determining the appropriate balance between
liquidity efficiency (permitting more LSM
techniques) and system stability (reducing the
number of interdependent relationships and,
thus, points of failure).

Persistent industry challenge

Historical liquidity risk challenges are likely
to persist, and more evidence is needed to
clarify how wCBDC or other methods of FMI
modernization could alleviate these risks.

Modernizing Financial Markets with Wholesale Central Bank Digital Currency
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Disjointed
regulatory
Interoperability

A divergence in policy, rules
and regulations creates
iInconsistencies between
jurisdictions, resulting in friction
for cross-border use cases.

Click on an icon below
to find out more about each
Persistent industry challenge
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Cross-border regulatory
frictions

Inconsistent regulations and regulatory hurdles
are another important challenge facing the
industry regarding efficiency and speed. It

is acknowledged that true and complete
harmonization from a regulatory perspective
IS not achievable due to jurisdictions’
sovereignty. In line with the ongoing efforts
by the G20 and Financial Stability Board
(FSB) to optimize wholesale financial
transactions, regulatory friction is identified
as a key hurdle to achieving harmonious
and efficient cross-border payments. In a
2023 survey, the World Economic Forum
identified four regulatory frictions:”’

— Differences in regulatory and oversight
frameworks can be particularly pronounced
for areas of innovation like using blockchain-
based payments or for non-bank entities
seeking to capture new market share.

— Compliance with AML/CFT requirements
IS a key driver for the de-risking phenomenon
influencing the decline of correspondent
banks willing to absorb the risk of non-
compliant payments and face zero-tolerance
enforcement.

— Data privacy and security regulations
create challenges for banks and non-bank
FIs to securely share data across borders to
comply with AML/CFT rules while balancing
requirements like data localization. This
friction could be especially pronounced when
CBDC is traded across borders and held in
foreign jurisdictions where the question of
who has access to what data is underscored.

— Regulatory barriers to accessing payment
systems and infrastructure, including 1)
regulations may directly exclude non-bank
FIs from participating in national payment
systems, 2) regulations may set out eligibility
requirements that non-bank Fls cannot meet
(e.g. banking licence), and 3) access is often
limited to Fls that hold licences locally.

Examples of players
experiencing frictions

— Shariah-compliant finance is an example of a
difference in oversight frameworks, as credit
in its traditional sense is not allowed, and
instead, a partnership model is required.

— Varied processing times for regional
beneficiary leg transactions highlight diverse
capital controls and checks. Relying on
agencies like the Financial Action Task
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7 Persistent industry challenges Force (FATF) for country risk reviews is time-
consuming and costly. Correspondent banks,
facing limited profitability and compliance
risks, often bear the burden of these reviews,
contributing to industry exits.

— China, Thailand, Indonesia and Sri Lanka are
implementing comprehensive privacy laws
for the first time, while others like Australia
and Japan are amending theirs to be more
globally aligned.’®

Click on an icon below — Money transfer operators like MoneyGram
to find out more about each and Western Union experience these
Persistent industry challenge challenges when facilitating cross-border
remittances.

Compliance-by-design

The BISIH has examined these regulatory
frictions in initiatives like Project Dunbar,
which was focused on optimizing international
settlements through a common multi-CBDC
platform. The challenges related to governance,
: legal and compliance for cross-border payments

%Z% ! are broader than regulatory frictions. Creating

© efficiencies in compliance proves challenging
because requirements vary by jurisdiction, such
as domestic watchlists or certain institutions

being given access to national payment systems
to alleviate friction. Therefore, centralizing

common processes might create process
efficiencies but could introduce other gaps,
such as missed checks.” To build upon Project
Dunbar, the BIS Innovation Hub launched
Project Mandala in October 2023, a proof-of-
concept to explore the feasibility of jurisdiction-
specific policy and regulatory requirements

into a common protocol for cross-border use
cases — also known as compliance-by-design
architecture. This architectural model aims to
automate compliance procedures, monitor real-
time transactions and increase transparency
and visibility into country-specific policies.®°
Additionally, disputes between institutions or
inter-jurisdictional issues should be handled
according to jurisdiction-specific requirements
and by designated authorities.

oZe, Ensuring compliance-
° by-design

LexisNexis reported that in key global markets
alone, annual expenditures on financial crime
compliance exceeded $274 billion in 2022, with
labour costs of compliance teams representing
the largest portion.®' Novel approaches are
unlocking opportunities to enable more efficient
regulatory interoperability while safeguarding
participants and the system through automation
and embedded supervision. There is no

widely accepted governance framework or

Modernizing Financial Markets with Wholesale Central Bank Digital Currency
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Click on an icon below
to find out more about each
Persistent industry challenge

model for cross-border use cases using

CBDC. The system should offer flexibility to
grant varying degrees of access for providers
like orchestration service providers that can
facilitate atomic settlement and possibly

global corporations in jurisdictions where it is
permitted. Disjointed regulatory interoperability is
an ongoing challenge; thus, this report proposes
areas where wCBDC systems should explore
supporting in order to address this challenge.

— Continue codifying supervisory functions and
build rulebooks to integrate legal procedures,
automate corridor-specific compliance
checks and build escalation protocols to
remediate issues.

— Explore facilitating multiple access tiers to
CeBM to configure permissions to grant
access safely.

While these remain open questions, efforts are
under way to establish compliance-by-design.
The mBridge platform allows the governance of
access to enforce legal aspects of cross-border
trade and payments. It embeds compliance
rules, such as balance and transaction limits
set, into the underlying custom DLT through
smart contracts. Embedded supervision is a
model that uses DLT and smart contracts to
automate financing and trading processes and
data permissions while embedding checks

to verify compliance.® While these efforts

are ongoing, policy-makers determine the
advancements in progress.

Persistent industry challenge

Inter-jurisdictional regulatory and policy
interoperability complexities are not solvable
overnight. Rulebooks and embedded
supervision are concepts discussed in this
report that could automate compliance checks
and harmonize the market. However, these
solutions largely require collaboration beyond
wCBDC or other FMI modernizations.
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Slow cross-
border payments
In high-risk
regions

Click on an icon below
to find out more about each

Persistent industry challenge De-risking and cost-cutting

measures are reducing the
number of correspondent banks
globally, limiting accessibllity

to cross-border payments

for users worldwide.
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Correspondent banking
and access constraints

The total value of global cross-border payments
was $150 trillion in 2017 and is projected to
reach $250 trillion by 2027.8 For context,

the World Bank estimated the global gross
domestic product (GDP) to be $100.88 trillion in
2022.84 Correspondent banking involves banks
holding accounts with each other and using
central banks as settlement agents to achieve
cross-border payments. According to the BIS,
“correspondent banking requires the opening
of accounts by respondent banks in the
correspondent banks’ books and the exchange
of messages to settle transactions by crediting
and debiting those accounts.”® This ensures
compliance but lacks efficiency by requiring the
holding of liquidity in nostro accounts. “Nostro”
and “vostro” are two different terms used to
describe the same bank account. The terms
are used when one bank has another bank’s
money on deposit. Correspondent banking
services are costly, with $120 billion spent by
global corporates on cross-border transactions,
excluding FX costs.® Other costs stem from
trapped liquidity, treasury operations, FX fees
and compliance.

FIGURE 14

Stylized process of a
cross-border payment
on SWIFT gpi
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Note: Data from the Swift gpi Observer track the in-
flight and beneficiary legs, the blue and red parts of the
processing time and elapsed time, respectively.

Source: BIS, SWIFT gpi data indicate drivers of fast cross-

border payments, 2022.
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Another challenge to cross-border payments
observed by this research is the limited
accessibility of CeBM for foreign institutions
and possibly global corporations that conduct
significant international trade in key markets like
oll and gas. The correspondent banking model
was designed to facilitate a conduit between
non-domestic and non-bank entities with the
banking system because banks and FMls are
traditionally the only ones with access to CeBM.

“De-risking”: declining
correspondent banks

Banks reduced these correspondent
relationships after the 2008 financial crisis,
which disproportionately affected smaller
economies.®” Between 2011 and 2019, the
number of correspondent banks decreased

by 22%, even as payment values increased.®®
This decline was due to correspondent banks
shouldering regulatory and reputational risks,
pushing correspondent banks towards “de-
risking”, or exiting the industry.® This was
prompted by valid concerns, including the
estimated $1.6 trillion (approximately 2.7% of
global GDP) in annual illicit financial activities.®
There were ongoing cutbacks in correspondent
banking relationships driven by a lack of
profitability to cover compliance costs, exits
from regions deemed to be too risky.

Risky regions include jurisdictions

where customer bases or products and
services pose a higher risk for AML/

CFT compliance.®" A high-risk region is a
jurisdiction with more strict KYC/AML/CFT
rules, resulting in additional checks and
criteria that could slow processing times.

To mitigate the risk of facilitating illicit
payments, larger banks withdraw from high-
risk markets due to AML/CFT compliance
worries, profitability issues and cyberthreats.
Smaller banks now have fewer cross-border
payment options, forcing reliance on more
intermediaries, driving costs and hindering
competition. A 2023 FSB report reveals

that 84.3% of wholesale payments with
larger banks do not have an intermediary or
have only one, indicating a concentration

of influence.®? De-risking disproportionately
affects developing nations and could hinder
financial inclusion and interoperability.®?
Moreover, “shadow payments” through
unregulated channels can increase.®* Against
this backdrop, multilateral initiatives have
emerged to address these concerns. For
example, Project mBridge aims to tackle
this pain point by creating a multi-country
shared public good technology that could
connect many countries, thereby addressing
the reduced footprint of correspondents
due to de-risking and other benefits.®

Slow beneficiary regions

Cross-border payment processing has
improved, with 89% completing within an
hour, surpassing the G20’s target of 75% by
2027.%° However, these are global averages,
and de-risking has led to slower processing
times in the Middle East, North Africa and
Central Asia because of 1) fewer intermediaries
willing to facilitate payments there because

of the disproportionate compliance risks
(outweighing the profit opportunity), and 2)
additional manual processes to perform the
appropriate screening on beneficiaries. From
an economic perspective, these reasons

are tightly correlated, as with fewer actors
competing, there is less incentive to innovate.
Technology differences and resource limitations
also contribute to disenfranchisement,

as payment system upgrades are costly.
Countries with stricter capital controls, offline
beneficiary banks and lower per capita income
experience longer beneficiary legs (see

Figure 15).9 The decline in correspondent
banks and local constraints affects higher-

risk regions, slowing processing times.
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[ Persistent industry challenges FIGURE 15
Median end-to-end processing time by beneficiary region

Click on an icon below
to find out more about each
Persistent industry challenge
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Source: BIS, SWIFT gpi data indicate drivers of fast cross-border payments, 2022.
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afo  Accessing central
T
5° bank money

The challenge of crediting beneficiaries in
high-risk regions relates much to regulatory
iInteroperability, as there can be incongruent
compliance processes and differences in
policies regarding CeBM access. lllicit activity
cannot be entirely thwarted by introducing

a new payment rail. Therefore, for wCBDC
systems to address slow cross-border
payments in high risk regions, they should:

— Form regional and corridor-specific
collaborative efforts to advance capabilities
related to embedded supervision, including
automating compliance checks and
monitoring transactions.

— Use digital identity frameworks could
enhance compliance with KYC/AML/CFT

while preserving privacy.

— Dismantle barriers to entry by exploring the

expansion of access to non-bank and foreign
entities (policy permitting) to enhance financial

inclusion (e.g. stablecoin issuers).

— Enable 24/7 access to CeBM to support
beneficiary banks in servicing customers.

The speed of cross-border payments is not
limited to technological or regulatory challenges
but also economic incentives and competition
— the fewer financial services providers that
have access to CeBM, the more costly and
slow the services in the market.®® Public-
private cooperation with agencies like FATF and
the Office of Foreign Assets Control (OFAC)

will be paramount to mitigating illicit activity
and supporting regions where cross-border
payments move at a slower pace.

Persistent industry challenge

De-risking and its impacts on the cross-border
payments market is widely recognized as a
source of inefficiency, particularly impacting
high-risk regions. Expanding access is a policy
decision that central banks must consider the
benefits and risks of.
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s

Lack of secure
technical
Interoperabllity

A flurry of new systems could
lead to a disconnection between
DLT and conventional systems,
resulting in increased risk and
liquidity fragmentation.

Modernizing Financial Markets with Wholesale Central Bank Digital Currency

Interoperability in payments

Limited technical interoperability has been
attributed to legacy systems built on
jurisdiction-specific standards, causing
discrepancies between data standards

and communication formats. The BIS

defines payment system interoperability

as the seamless interaction of proprietary
acceptance and processing platforms,

aiming to promote competition, reduce fixed
costs and enhance user convenience.* ISO
20022, a universal financial message scheme
format, seeks to standardize communications
among Fls. A 2023 World Economic Forum
report emphasizes the need to ensure

the interoperability of CBDC systems with
conventional payment infrastructures.™ A
recent Swift report acknowledges the benefits
of tokenization but warns of potential asset
fragmentation across networks, prompting
the exploration of technical interoperability by
connecting public and private blockchains and
non-blockchain networks. Two approaches
are being pursued: Swift’'s CBDC Connector
and Chainlink’s Cross-Chain Interoperability
Protocol, which demonstrated the ability of
Swift’s connectivity and messaging to access
tokenized instruments.'" Both Swift and
Chainlink are messaging systems rather than
settlement systems.
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7 Persistent industry challenges FIGURE 16 CBDC interoperab"ity models
High-level models of interoperability and interlinking

of CBDC SyStemS A key anticipated challenge of multiple CBDC

networks is interoperability among themselves
ool and between jurisdictions. The BIS outlined several
o CBDC interoperability models, which inform the
future industry options:'%2

Compatibility: A model whereby individual
systems use common interoperability
standards. Analogies could be drawn to
Click on an icon below VAR industry standards like ISO 20022.
to find out more about each 4 )
Persistent industry challenge e Interlinking: The solution could emulate
_______________________________________________________________________________ Swift’s, which acts as a supranational network
High-level \ with which institutions could integrate. Project
models of Compatible ‘:, lcebreaker is experimenting with this model
interoperability ' by interlinking three retail CBDC systems

. P through a hub-and-spoke model.” Swift is
R 2 [ ittt experimenting with this interoperability model
in a CBDC context with more than 30 Fls and
e ~ central banks.™
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T .., _ e Single system: An example of a single
A system is mBridge, which uses a common

| /" High-leve . . _
: : g o Sin gle access Bilateral \ platform model for grgss bgrder lpayments
! :‘ models o ink i and FX among participant financial
O interlinking ’ institutions settled in CBDCs issued by
their central banks. Another example is the

Regulated Liability Network (RLN) initiative,

conceptualizing a common platform for central
Source: BIS, Options for access to and interoperability of CBDCs for cross-border payments, 2022. banks and Fls with settlement in CBDC.19°
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FIGURE 17
Trigger solution

/ Persistent industry challenges

Asset chain Trigger chain
3
Enterprise X Enterprise Y @@@ Bank A a‘;? Bank B
88K
Clickonaniconbelow
to find out more about each Source: Deutsche Bundesbank, DLT-based securities settlement in central bank money successfully tested [Press release], | Target 2

Persistent industry challenge 24 March 2021.

DLT interoperability

& e

Notably, the ECB launched exploratory work on
how wholesale financial transactions recorded
on DLT platforms could be settled in CeBM. For
this purpose, in 2023, the New Technologies
for Wholesale Settlement - Contact Group was
! created, composed of market participants to

%z/% ! support and inform this work. As part of its

O exploratory work, the Eurosystem will test three
solutions for CeBM settlement of tokenized
assets: two solutions designed to trigger

settlements in TARGET services (RTGS system
for the solution supported by the Deutsche

Bundesbank and TARGET Instant Payment
System (TIPS) for the solution supported by
the Banca d’ltalia) and a wCBDC solution
offered by the BdF."% A gap with today’s
RTGS systems is a lack of DLT interoperability
because of the challenge of reading and writing
cryptographic proofs (e.g. proof of funds). In
2017, the BOE tested DLT interoperability with
its RTGS system, Clearing House Automated
Payments System (CHAPS), and identified
that CHAPS could not natively produce
cryptographic proofs. 197

Deutsche Bundesbank's trigger
solution: Deutsche Borse, Deutsche
Bundesbank and Germany’s Finance
Agency have developed and successfully
tested a settlement interface for electronic
securities, working with other participants.
Securities settlement using DLT is
performed with a “trigger” solution and

a transaction coordinator in Target 2,

the Eurozone’s RTGS system.'® The
trigger bridges the existing payment
solution with DLT applications.'® This is
intended to use the existing RTGS system
and build an additional layer to integrate
with DLT systems.'°
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Banca d’ltalia’s TIPS Hash-Link
service: The TIPS Hash-Link (TIPS H-L)
solution facilitates interoperability between
a generic market DLT platform and a
payment system using a DLT-agnostic
application programming interface (API)
approach. Successfully tested by the
Banca d’ltalia (Bdl) with the TIPS platform,
it enables instantaneous DvP transactions
24/7. This protocol can be extended

to integrate a market DLT platform with
real-time payment systems like TARGET
services. This model does not require new
development to support new DLITs, and the
API| gateway allows the Eurosystem to act
as the “trusted third party” that securely
generates and stores the hashes. ™

FIGURE 18

TIPS Hash-Link service

T2

IVl target
perimeter

services

TIPS H-L
(Bdl cloud environment)

Source: European Central Bank, TIPS Hash-Link Service Description, 2023.
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FIGURE 19

Full interoperability solution with two market DLTs
and two national central banks (bank A and B)
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Source: BdF, Wholesale Central Bank Digital Currency Experiments with the Banque De France, 2023.

Banque de France’s full interoperability
solution: The BdF has undertaken

an experimentation programme since
November 2020. On this basis, the BdF
conceptualized an interoperability model,
the full DLT interoperability solution, which
allows the settlement of tokenized assets
with wCBDC on two separate DLTs using
the BdF’s blockchain, Distributed Ledger
for Securities Settlement System (DL3S).
In this model, the Eurosystem, as an
issuer of CeBM, would set up its own

DLT infrastructure — the Eurosystem DLT
— where TARGET participants could use
Euro wCBDC for settlement. In this model,
the Eurosystem DLT can be connected

to other market DLTs owned by market
participants or central banks within or
outside the EU, on which both cash and
securities could circulate to perform both
DvPs or PvPs in domestic or cross-border
contexts. The interoperability of the
Eurosystem DLT with other DLTs allows for
the implementation of atomic DvP, where
the securities transaction on a market DLT
automatically initiates a payment in euro
wCBDC on the Eurosystem DLT through
smart contracts. A similar mechanism
applies in the case of PvP whereby the
foreign wCBDC transaction on the DLT

of a foreign central bank automatically
initiates a payment in euro wCBDC on the
Eurosystem DLT through smart contracts.
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It is important to note that these three models
could exist in parallel, and ongoing experimentation
by Eurozone participants will continue to derive
insights related to the performance of each. No
conclusions can be made regarding which is most
ideal as of the time of writing.

2&p, Interoperating with new
© and existing systems

The emergence of tokenized securities and assets
strengthens the case for delivering CeBM to
private platforms like market DLIs. Industry efforts
aim to realize the potential of DLT by creating
integration points to bridge market DLT platforms
with central bank payment systems. Provided
that each of the example in the previous sections
are ongoing efforts and no conclusion has been
made regarding interoperability with new and
existing systems, this report proposes four areas
where continued research is needed for wCBDC
sysems to address interoperability challenges:

— Expand the number of initiatives exploring
new technologies for delivering CeBM
to new systems with broad private
sector involvement, such as the ECB’s
call for expression of interest.'"?

— Coordinate with private sector leaders to
determine creative models for preventing
liquidity fragmentation, such as the call to
action promulgated by the DTCC, Clearstream
and Euroclear.'

— Explore the ability of any new systems,
like wCBDC, to integrate with core banking
systems, including treasury,
cash management and DT platforms.

— Catalyse industry discussions on advancing
the setting of standards for digital assets,
such as with the International Organization
for Standardization (ISO).

Project mBridge, Helvetia and Jasper
demonstrated the importance of integrating
with conventional infrastructure. mBridge allows
central and commercial banks to integrate

their core systems and manage wCBDC via
simple API connections. Project Meridian used
a prototype DLT to synchronize settlement in
CeBM held in RTGS systems, achieving the
automatic orchestration of the exchange of
ownership of funds and assets.™

Persistent industry challenge

Critical industry efforts are making headways
in creating standards for the payment rails
of tomorrow, and any FMI modernization
including CBDC systems will likely be

limited until there are widely accepted
models for integrating CBDC networks,

DLT systems and conventional systems.
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8 Trade-offs and considerations

Introducing a wCBDC underscores
several important trade-offs and
considerations that should be
closely examined by policy-makers.

Trade-offs
Bearer instrument vs sight deposit

A bearer instrument is a financial instrument
that grants ownership rights to whoever
possesses the instrument, which acts

as an obligation to pay its holder a fixed
amount of another asset upon demand.
Bearer instruments are intended to preserve
anonymity, much like bearer bonds, which are
now largely banned as their ability to be traded
freely without traceability was exploited for
evading taxes and other crimes. The Bank

of Indonesia (BOI) described two key traits

of a bearer instrument CBDC:1°

a No recorded ownership (no registration)

Possession entitles the holder
to ownership

There is an ongoing debate over whether

a wCBDC should be classified as a bearer
instrument or follow conventional models, like

a sight deposit. A sight deposit refers to funds
held in an account at a financial institution,

in this case at a central bank, that can be
withdrawn by the account holder on demand or
“at sight”. Notably, the SNB, as part of Project
Helvetia, is exploring a tokenized wCBDC that
acts as a sight deposit because this aligns

with the relevant legal frameworks specific to
Switzerland. While other models exist, these two
are examined to distinguish a potential wCBDC
bearer instrument from conventional models like
a sight deposit.

/
/

O

7 O\

TABLE 4
Bearer instrument vs sight deposit

Bearer instrument

Definition A financial instrument that grants
ownership rights to whoever

pOssesses the instrument.

LCIENIECEERE  — Provides a higher level of

anonymity if authorized

— Simplifies intermediary chains as
no central intermediary may be
necessary

— Speeds up settlement times
as transfers are instantaneous
and final

Limitations

— Higher security risks as they are
susceptible to theft'®

— Difficulty tracing transactions
to comply with KYC/AML/CFT
rules

Sight deposit

Funds held in an account at a
central bank that can be withdrawn
by the account holder on demand
or “at sight”

— Facilitates a traceable and
transparent record of transactions

— Strengthens the role of central
bank(s) as settlement agent(s)

— Allows for revocability of
transactions in case of fraud
or misdirection

— Dependence on centralized
infrastructure or intermediaries

— Privacy concerns regarding
individual data or in cross-border
scenarios
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Bearer instruments rely on possession for
ownership and support anonymity, which
lends well to retail CBDC, where cash-like
characteristics are paramount. A sight deposit
s tied to specific accounts and identities,
offering more traceability and security. Some
experts also suggest that a tokenized CBDC
cannot act as a bearer instrument in the private
property law sense if a permissionless data
record system is enabled.!'” Tokenization can
support both a bearer instrument and a sight
deposit. For example, Franklin Templeton’s
MMF Benji token is not a bearer instrument.

Other experts suggest that a wCBDC should
be a bearer instrument because it provides

a provably unique asset and provides
unambiguous ownership. Accenture proposed
that a tokenized CBDC generally has properties
akin to a digital bearer instrument.’'® However,
ultimately, the decision to designate a wCBDC
as a bearer instrument or a conventional
construct, like a sight deposit, is a legal choice
that policy-makers must carefully deliberate and
will likely vary depending on whether it is a retalil
or wholesale application.

Data privacy vs regulatory compliance

Another trade-off relates to preserving privacy
and enforcing relevant compliance measures.
As observed in high-risk regions, there is a
growing concern about the risk of facilitating
Ccross-border payments as the cost to comply
with KYC/AML/CFT measures continues

to grow. In parallel, there are demands for
iIncreased consumer privacy and institutions
to reduce the amount of data collected and
transmitted, which results in a balance that
policy-makers must strike.

Liquidity-efficiency vs speed

There is a trade-off between preventing
liquidity fragmentation and the speed of
transactions. The decision to prioritize either
depends on the transaction context — or
trading scenario — where customer preferences
determine the best choice. As observed in

the assessment of instant settlement, there
may not always be a benefit to prioritizing
speed, as liquidity demands will likely increase
to settle transactions faster. For example,

In retall, speed can be more important than
liquidity efficiency as retail users rarely have
multiple parallel transactions under way and
would not benefit from a lapse in time to net
or offset. Often, Fls prioritize liquidity efficiency
over speed in most wholesale financial

use cases because of the large average

transaction size and a beneficial lapse from
trade to settlement to offset/net obligations.

Considerations
Accessibility

A prevailing presumption is that wCBDC could
allow central banks to widen access to CeBM
to FMIs and other institutions, like non-bank
and foreign participants, given new permissions
techniques. While expanding or restricting
access is a policy choice, expansion could
promote financial inclusion. There are three
basic levels of CeBM access: 1) access to
reserves, 2) access to reserves with monetary
facilities (lending capacity), and 3) access to
the system or network as a service provider,
such as how the role of access enablers are
envisioned in Project Sela. Also, accessibility
relates to the duration of holding wCBDC

and a choice between intraday and overnight
CBDC. Greater access is achievable through
conventional systems. Still, the unique
characteristics of wCBDC systems could allow
for more flexibllity.

Distributed ledger technology

Using DLT is a technology choice that policy-
makers and private sector parties should make
while considering these benefits specific to
their jurisdiction’s policies. DLT can offer three
perceived benefits:

— Shared state governance. DLT provides
multiple models for controlling token
issuance, access and redemption through
permissions that allow authorities to
designate certain privileges to known node
operators, who can be monitored and
audited.® Further, DLT facilitates a shared
state across multiple organizations where
multiple organizations retain autonomy and
ownership over the underlying infrastructure.
In cross-border scenarios with more than one
authority (e.g. two or more central banks),
DLT could help to facilitate consensus across
jurisdictions.

— Embedded business logic. DLT could
enhance straight-through trade and post-
trade processing for DvP and PvP and
contribute to financial stability'?° by natively
representing tokens across multiple
organizations and embedding business logic
into the tokens. Programmable payments
could enhance proof of transaction across
authorized parties.
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— Redundant and secure operations. DLT
facilitates data replication across trusted
and authorized nodes run by operators (e.g.
commercial banks). This could strengthen
wCBDC system resiliency by maintaining
network data, such as account balances,
in multiple locations if a single node is
compromised. This redundancy can be
especially beneficial for cross-border
scenarios where data security rules differ
across jurisdictions.

DLT could also introduce additional
responsibilities, such as node operations
and cyber-resilience needs, to safeguard the
network from threat vectors like malicious
nodes, as there is no widely accepted
cybersecurity framework.'?" This report
contends that these attributes and benefits
could lend themselves well to cross-border
scenarios involving multiple authorities.

Legal settlement

Legal settlement is distinct from the technical
evidence of settlement. The latter is typically
recorded as ledger entries in financial systems.
Legal settlement occurs when agreed-

upon obligations are met, often involving
contractual commitments. It is crucial to align

the technical aspects of new systems with

legal requirements. While smart contracts are
discussed as providing legally enforceable
settlements, Moody'’s highlights that they do
not fully replace traditional legal contracts yet. 2
To address this, industry leaders are developing
rulebooks that codify procedures to achieve
mutual agreement in new systems.

Legislative factors

Currently, 61% of central banks face legal
restrictions on currency issuance for retail,
primarily confined to banknotes and coins.
Wholesale is more straightforward, with 85%
of central banks in jurisdictions having laws
that support wCBDC issuance to users like
banks.?® wCBDC may benefit from precedence
whereby the public sector operates public
payment systems like FPS and RTGS systems.
Changes are under way; a survey of 81 central
banks showed that 10% are revising legislation
to support CBDCs.#

Programmability

This report refers to programmable payments
rather than what is defined as programmable
money. The ECB has rejected programmable
money because it possibly undermines
sovereign and publicly available currency.'?®
Programmable payments is a separate but
adjacent concept where automatic payments

Modernizing Financial Markets with Wholesale Central Bank Digital Currency

are made when certain conditions are met.
This is not to be conflated with purpose-
bound money,'?® an idea introduced by

the Monetary Authority of Singapore. It is a
concept that enables money to be directed
towards a specific purpose without requiring
the money to be programmed.

61% 9

of central banks face legal restrictions
on currency issuance for retail, primarily
limited to banknotes and coins.

85% O

of central banks in jurisdictions
have laws that support wCBDC
issuance to entities like banks.

10%

of central banks are revising
legislation to support CBDCs.
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9 RTGS systems

RTGS systems are being

modernized to meet evolving needs

and will continue playing a critical
role in financial markets.

RTGS systems offer many advantages,
such as intraday final settlement and limiting
participant risk exposure.'?” As of 2020, 120
jurisdictions indicated they use at least one
RTGS system. RTGS adoption is highest in
high-income countries (over 90%).'2® Some
regions, such as the West Africa Monetary
Union and the Eurozone, share one system,
while most RTGS systems are limited to a
country (e.g. Fedwire in the US).

According to the FSB, at least five jurisdictions
operate at or near 24/7 operations: India,
Mexico, South Africa, Switzerland and
Oman.?® However, more jurisdictions are
enhancing the availability of their RTGS
systems. As the primary liquidity storage
mechanism in their respective jurisdictions,
RTGS systems will continue to play a critical
role in financial markets.

Many central banks are modernizing
RTGS systems to better serve
participants in the following ways:

Messaging format standardization

Processing speed enhancement

Widened and easier accessibility

=

24/7 operational capacity

Interoperability with new systems

Liquidity management optimization

D

Cybersecurity resilience

i))
(&)
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TABLE 5

RTGS system modernization programmes

Eurozone

Philippines

>

Buna Arab
Region

United
States

Summary of modernization

The BOE is overhauling its RTGS system for a June 2024 launch involving a new core
settlement engine. The initiative aims to boost resilience, expand access and enhance
interoperability with ISO 20022 standards. The BOE is also exploring the next stage
of RTGS enhancements after 2024, including the use of synchronization operators

to enable conditional settlement between RTGS and external asset ledgers, and has
worked with the BISIH to provide a proof-of-concept through Project Meridian. 30131132

In March 2023, the Eurosystem launched an upgraded T2 wholesale payment system,
integrating RTGS and central liquidity management tools, processing around 400,000
transactions on the first day.™®

The Central Bank of Oman upgraded its RTGS system in 2020, enabling 24/7
operations. Integrated with cross-border platforms like AFAQ and Buna, Oman’s
financial ecosystem efficiency is enhanced.'3

In July 2021, the Bangko Sentral ng Pilipinas launched PhilPaSSPlus, an upgraded
RTGS system, doubling capacity, expanding access channels and using transactional
data for improved decision-making, aligning with digital transformation goals.'s®

Buna, launched in 2020 by the Arabb Monetary Fund, is a regional cross-border payment
platform for Arab banks, promoting efficiency, transparency and financial development
with six supported currencies.

Fedwire is the RTGS system for the US and is undergoing planned modernization to
support compatibility with ISO 20022 standards beginning in 2025. In mid-2023, the
Federal Reserve began rolling out FedNow, which is a retail and commercial-focused
instant payment system. 36137
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Reserves-backed digital currencies,
deposit tokens and fiat-backed
stablecoins are emerging as
adjacent payment instruments
alongside wCBDC.

It is necessary to classify the new payment
instruments arising alongside wCBDC. “Stable
value digital assets” is an umbrella term to
categorize emerging payment instruments that
seek to maintain stable value with fiat currency.
While these may seem fungible in practice, they
each carry unique characteristics.

FIGURE 20
Digital forms of money

Central bank money

e

Stable value
digital assets

Reserves-backed
digital currency

Fiat-backed
stablecoin

Reserves-backed digital
currency

RBDC, sometimes mistakenly called “synthetic
CBDCs”, involves a third-party operator

(a commercial bank or a non-bank Fl) that
operates a joint account held at a central bank
that co-mingles funds, which are then tokenized
for use by participants.’® The following
characteristics distinguish RBDC from wCBDC:

— Non-CeBM: RBDC is not CeBM and thus
carries risks, as users would not hold a claim
against the central bank. RBDCs are a form
of narrow bank money that lacks key features
of CeBM, such as public policy orientation
and liquidity. For further information on the
BIS’ standpoint on RBDCs, see the BIS’s
Central bank digital currencies: foundational
principles and core features report.

— Reserve access requirement: In general,
operators require direct access to CeBM
to back RBDCs on a one-to-one basis.
Theoretically, the reserves could also be
held by a third party with access to reserve
accounts at the central bank. Access to a
central bank account is typically limited to
certain Fls. Thus, the RBDC operator would
need access to a central bank joint account
to issue RBDC if the settlement account fully
balances the RBDCs.

There is precedence for expanded access as
non-bank Fls have been granted access to
central bank reserves in jurisdictions like the
UK. For example, Wise was granted access
to CHAPS in 2018.7%°

Third-party operator: A regulated third-party
operator, typically equipped with a rulebook
and risk management controls, operates the
platform on behalf of the participants.'

Joint account model: A core enabler is a
joint account at a central bank to segregate
customer funds so there is a clear claim on
each customer’s proportion of the funds. This
joint account is a pre-funded account that
co-mingles all participants’ funds and usually
has a trust ownership structure that includes
all participants. This name of the account
structure varies by jurisdiction (e.g. in the UK,
it is called an omnibus account, in the US, it
IS a joint account, and in the Eurozone, it is
called a technical account).

Settlement risk: RBDCs are not a direct
claim on central banks, and therefore,
participants would be using private money
to settle in a narrow-banking-like setting,
thus requiring legal clarity.
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— Bankruptcy-remote: RBDC is protected
against the operator’s and participants’
default. With the joint account model, the
reserves account is fully funded, and each
participant only has a claim over their share,
as evidenced by the ledger balance.

— In case of a single participant’s
bankruptcy, a rulebook tailored to the
jurisdiction’s regulations dictates the
wind-down procedures to safeguard
other customer funds (e.g. removing
bankrupt participants from the
allow-list for making payments).

— In case of operator default, the private
keys that designate operatorship can be
transferred to an authorized party to wind
down the assets or continue operations.

— Counterparty risk: As a third party operates
the RBDC platform, counterparty risk remains
unless there is an arrangement where the
reserve assets are held in a bankruptcy-
remote way. ™

— Likely interest-bearing: Because RBDC
uses a joint account at the central bank, the
balances will accrue interest and be owned
by participants.

In December 2023, Fnality announced that
in collaboration with Lloyds Banking Group,

Banco Santander, and UBS, the inaugural
set of live payments for the first phase of its
RBDC solution were transacted using an
omnibus account at the BOE.#? In 2021,
the BOE announced that they would permit
an omnibus account structure to access
central bank reserves, a requirement for this
payment instrument (segregation of customer
funds).’® This structure will allow Fnality “to
pool funds within a single account ... to
utilize those funds to settle payment-related
transactions”, thus enabling 24/7 access.
Fnality does not issue RBDC but operates
the platform. Beyond the BOE, other central
banks must weigh the costs and benefits

of allowing a joint account structure.™*

Deposit tokens

DTs are digital money; a licensed depository
institution issues tokens based on bank
deposits. Importantly, DTs differ from tokenized
deposits because:

— DTs are native tokens that are deposits and
claims on the issuing banks. In a recent
speech at the Office of the Comptroller of the
Currency symposium on the tokenization of
real-world assets and liabilities in February
2024, Hyun Shin explained that deposit tokens
are akin to bank-issued stablecoins. 45146
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— Tokenized deposits are tokenized forms
of traditional deposits backed by loans
and available natively (i.e. on-chain).'’

In 2022, the Federal Reserve Bank of New
York noted that DTs are a “fruitful avenue

to pursue” for a few reasons: they avoid
locking up liquidity unnecessarily because of
their fractionally backed nature, the payment
rails exist today to support customer
adoption, and DTs would presumably be
insured under deposit insurance regimes. '8
The Swiss Banking Association proposed
three models for DTs and analysed each, as
seen in Figure 21.

A standardized token is not ideal because it
requires a currency-standard set of criteria
and requirements for any commercial

bank to issue, raising questions about the
backing model and the need to segregate
reserves. The coloured token model raised
economic concerns because of the potential
for a bank run or liquidity event where token
holders flock to a bank with a better credit
rating. A joint token model allows a jointly-
owned entity of two or more banks to issue
a token. According to the analysis, this is
the most promising because it offers choice
in the backing model, offers lower costs

related to settlement, can accrue interest
and makes segregating reserves easier than
the segregated variant.'*® DTs can provide
many options to drive mutual acceptance
among banks.

JP Morgan and Oliver Wyman outlined three
deployment models for DTs.™° The primary
consideration for the deployment model of
choice is the use cases and customers the
issuing entity seeks to engage. In a single
bank ledger model, the network effects would
be limited as the users are solely the bank’s
customers. In a shared ledger, the users

may expand to include other banks and their
customers. In a universal ledger concept, there
would be global access.

FIGURE 21

Three deposit token
variations

How deposit tokens
are issued
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FIGURE 22
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Source: JP Morgan and Oliver Wyman, Deposit Tokens: A foundation for stable digital money, 2022.
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10 Alternative payment instruments systems

TABLE ©
Deposit token deployment models

Single bank ledger Shared ledger

Description Intra-bank value Inter-bank settlement
transfer and clearing
Bank clients Commercial banks

Primary users
and corporates

JPM Coin System Partior

Examples

Universal ledger

Connected regional
clearing networks
creating global
connectivity

Global with possible
restrictions imposed
by the issuer

JPM SGD deposit
token’

Note: 1. SGD deposit tokens issued by JPMorgan in connection with MAS Project Guardian pilot transaction. SGD deposit

tokens are not a generally available live product offering.

Source: JP Morgan and Oliver Wyman, Deposit Tokens: A foundation for stable digital money, 2022.
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10 Alternative payment instruments systems

DTs maintain the current banking system by
tokenizing conventional customer deposits

(M1) that rely on MO money settlement (RTGS
balances or wCBDC) for interbank payments.
This fundamental reliance on MO money facilitates
simpler fungibility between DTs and preserves
the singleness of money.'™! According to the BIS,
such tokens are not digital bearer instruments

as the circulation payments of DTs mimic the
movement of money in today’s banking system
or within the issuing bank’s KYC boundary. 2

While DTs reflect a compliant payment
instrument for commercial and retail applications,
including business-to-business (B2B), their
wholesale applicability is limited. If linked with
RTGS systems or wCBDC, DTs could also

be used for settlement between customers of
different banks (inter-bank), as an MO settlement
infrastructure exists. Primarily, these limitations
include the counterparty or credit risk of the
Issuing institution and its reliance on MO for
settlement finality, which creates redundancies in
the context of interbank payments. However, as
the Regulated Liability Network demonstrated,
this tokenized private money could introduce
efficiencies when deploying alongside wCBDC. A
multi-token future for multiple levels — wholesale
and commercial/retail — could be enabled.

FIGURE 23

KYC boundary for deposit tokens

Platform

Before
KYC boundary KYC boundary

________________________

D2

Central bank

________________________________________________

Platform

After

KYC boundary KYC boundary
. Bank1 A B Bank 2
I >< D2

e e

Central bank

________________________________________________

Source: Garratt, Rodney and Hyun Song Shin, Stablecoins versus tokenised deposits: implications for the singleness of money, BIS, 2023.
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10 Alternative payment instruments systems

Fiat-backed stablecoins

FBSs are digital tokens backed by liquid assets,
such as cash and cash equivalents. During
events like the FTX and Silicon Valley Bank
collapse, these stablecoins experienced price
fluctuations or arbitrage gaps, as they were
traded as transferable liabilities by multiple
private issuers. It is worth noting that during
the 2008 global financial crisis, many highly
regulated and supervised MMFs similarly
deviated from par ($1). The BIS noted that this
trading method categorizes stablecoins as
financial assets with market prices, leading to
exchange rate fluctuations, which could impact
the singleness of money. ™

FIGURE 24
FTX and Silicon Valley Bank collapses coincide with volatility in stablecoin prices
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A: FTX strikes an acquisition deal with Binance for its non-US business. B: Binance backs out of the deal. C: FTX Chief Executive Officer Sam Bankman-Fried apologizes on Twitter. D:
Bahamas securities regulator freezes FTX assets. E: Silicon Valley Bank announces that it will raise additional capital by selling stock. F: SVB Financial seeks a buyer. A few hours later,
a California regulator shuts Silicon Valley Bank and appoints the Federal Deposit Insurance Corporation (FDIC) as receiver to take control of its parent company. G: Employees of Silicon

Valley Bank offered 45 days of employment at 1.5 times their salary by the FDIC. H: “Depositors will have access to all of their money starting Monday, March 13”7, the US Treasury, Federal

Reserve and FDIC say in a statement, adding that no losses associated with the resolution of Silicon Valley Bank will be borne by the taxpayer.

Source: Garratt, Rodney and Hyun Song Shin, Stablecoins versus tokenised deposits: implications for the singleness of money, BIS, 2023.
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TABLE 7

Price distribution of US dollar coin (USDC)
In primary and secondary markets

10 Alternative payment instruments systems

The challenge arises from dual trading on
primary and secondary markets. Primary
markets involve initial issuance and redemption Daily volume weighted average price of USDC in USD
with the issuer, while secondary markets
include centralized and decentralized

exchanges where stablecoins are traded for Average

various assets. Table 7 exhibits deviations from daily }/(_Dlume
Market ($ millions)

par for FBSs across primary and secondary
markets. Deviations from parity can occur in
secondary markets when trading stablecoins
for fiat currency, other stablecoins or crypto
assets. However, deviations from par in primary
markets do not occur.

Secondary

Combined

Combined
(weekdays
only)

Source: Liao, Gordon, “Payment versus trading stablecoins”, Centre for Economic Policy Research,
25 March 2023, https://cepr.org/voxeu/columns/payment-versus-trading-stablecoins.
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10 Alternative payment instruments systems FIGURE 25
Digital bearer instrument model of private tokenized money (i.e. stablecoins)
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wherein CeBM is preferred.
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Source: Garratt, Rodney and Hyun Song Shin, Stablecoins versus tokenised deposits: implications for the singleness of money, BIS, 2023.
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11 Multi-token and multi-system future

FIGURE 26

Simplified diagram of a multi-token and multi-system future
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Conclusion

Public and private sector leaders should
evaluate wCBDC specific to their jurisdictional
context and decide whether the effort to
implement such a system is warranted.

The immediate areas where wCBDC can
derive differentiated value are realizing a global
settlement window to harmonize disparate
settlement times, mutualizing data sharing to
mitigate operational risk and settlement failures,
expanding PvP arrangements to support a
greater diversity of currencies and regions, and
delivering CeBM to settle tokenized securities
transactions. This unlocks opportunities to
re-imagine models for conducting cross-
border, multi-party and multi-asset use

cases, like FX or securities transactions.

To achieve these ambitions, it is necessary
to co-exist with legacy infrastructure,
including today'’s primary liquidity storage
mechanisms (RTGS systems), which are
undergoing important modernization efforts
themselves. Likewise, wCBDC will likely
coexist in parallel with digital payment
instruments like RBDCs, DTs and FBS.

Introducing a wCBDC requires examining its
careful trade-offs and considerations, as these
choices could impact the ability to capture and
realize value for stakeholders. Competing views
remain for wCBDC’s designation as a bearer
instrument or a sight deposit, privacy and
regulatory compliance must still be balanced to
deliver equitable outcomes, and stakeholders
will continue to demand tailored solutions that
offer variability for liquidity efficiency across
trading scenarios.

Still, there are several areas where persistent
challenges will require deep private-public
sector collaboration and experimentation to
overcome. These include optimizing liquidity
management, ensuring compliance-by-design
to automate supervisory functions, determining
who can access CeBM and exploring how new
participants could introduce efficiencies, and
interoperating with new and existing systems.

Next steps

Policy-makers, FMIs and private-sector leaders
would benefit from tailoring the insights in this
report to their jurisdictional and institutional
contexts. This report offers key findings to
facilitate further exploration of wCBDC and
hopes to serve as a foundational step towards
a more efficient, responsible and secure future
for financial markets.

Modernizing Financial Markets with Wholesale Central Bank Digital Currency

Contents

75



Contributors

Authors

Cameron Nili

Fellow, Blockchain and Digital Assets, World
Economic Forum; Digital Assets Strategy Director,
Accenture

Sandra Waliczek
Lead, Blockchain and Digital Assets,
World Economic Forum

Project leadership

Drew Propson
Head, Technology and Innovation in Financial
Services, World Economic Forum

Kathryn White

Executive Fellow, Blockchain and Digital Assets,
World Economic Forum; Global Principal Director,
Responsible Emerging Technology & Innovation,
Accenture

Acknowledgements

Steering committee

David Treat (Chair)
Global Metaverse Business Lead, Senior Managing
Director, Accenture

Saif Humaid Al Dhaheri

Assistant Governor Banking Operations, Support
Services, Emerging Tech & IT, Central Bank of the
United Arab Emirates

Dino Kos
Senior Advisor to the Chief Executive Officer, CLS
Bank International

Howard Lee
Deputy Chief Executive, Hong Kong Monetary
Authority

Gordon Liao
Chief Economist, Circle Internet Financial

David Newns
Head, SIX Swiss Digital Exchange

Bénédicte Nolens
Head, BIS Innovation Hub Hong Kong Center,
Bank of International Settlements

Jennifer Peve

Managing Director and Global Head, Strategy
and Innovation, The Depository Trust and Clearing
Corporation

Valérie Urbain
Chief Business Officer, Euroclear Group;
Member of the Board, Euroclear

Accenture

Duane Block
Managing Director

Michael Klein
Managing Director

Maria Guseva
Technology Innovation Strategy Director

John Lee
Managing Director

Ousmene Mandeng
Senior Adviser, Digital Monies and Assets

Clinton Wilhight
Technology Innovation Strategy Consultant

Courtney Williams
Technology Innovation Strategy Manager

Srikant Yennamandra
Managing Director

Experts

Mansour Alsaleh
Innovation Hub Head, Saudi Central Bank

Salem Alshirawi Alharmi
Senior Manager, Centralized Operations & CBDC,
Central Bank of the United Arab Emirates

Mohsen Alzahrani
Head, Virtual Assets and CBDC Program, Saudl
Central Bank

Amar Amlani
Executive Director and Head, EMEA Digital Assets,
Goldman Sachs

Adeline Bachellerie
Deputy Director, Innovation and Financial Market
Infrastructures, Banque de France

Robert Bench
Senior Advisor to the Digital Currency Initiative,
Massachusetts Institute of Technology

Uraipun Borriruktungkul
Deputy Director, Payment and Bond Department,
Bank of Thailand

Iltalo Borssatto
Adviser, BIS Innovation Hub Hong Kong Center,
Bank for International Settlements

Dirk Bullmann
Global Head, Public Policy, CLS Group Holdings

Modernizing Financial Markets with Wholesale Central Bank Digital Currency

Contents

76



F. Christopher Calabia
Head, CBDC Programs, MIT Digital Currency
Initiatives, Massachusetts Institutes of Technology

Martin Cannings
Digital Assets Product Manager, Citi

Lourdes Casanova
Director, Emerging Markets Institute, Professor,
Cornell University

Hugo Coelho
Digital Asset Regulation Lead, Cambridge Centre for
Alternative Finance

Grace Chao
North America Lead, Markets Digital Assets, Citi

Lesly Chavkin
Head, Policy, Stellar Development Foundation

George Chou
Chief Fintech Officer, Hong Kong Monetary Authority

Nelson Chow
Division Head, Hong Kong Monetary Authority

Ezechiel Copic
Director, Digital Asset Policy, Visa

Andrew Czupek
Head, Market Advocacy and Innovation Research for
North America, Northern Trust

Varlam Ebanoidze
Head, FinTech and SupTech Development/
Innovation, National Bank of Georgia

Michael Eng
Strategy Consultant, Accenture

Ahmed Faragallah
Senior Financial Sector Specialist, The World Bank

Richard Fenner
Director, Government Relations, Euroclear
UK & International

Herve Francois
Partner, Blockchain/Digital Assets Fund, Investcorp
Holdings

Jon Frost
Head, Economics for the Americas,
Bank for International Settlements

Co-Pierre Georg
Professor, University of Cape Town

Jonas Gross
Chairman, Digital Euro Association

Rosie Hampson
Executive Director, Digital Assets, Goldman Sachs

John Ho
Head, Financial Market Legal, Standard Chartered
Bank

Claudine Hurman
Director, Innovation and Financial Market
Infrastructures, Banque de France

Kamal Iberraken
Director, Euroclear

John Jackson
Policy and Product Lead, RTGS Renewal,
Bank of England

Jad Kachmar
Digital Assets Consulting Manager, Accenture

Nick Kerigan
Head, Innovation Execution, SWIFT

Russell Klein
Assistant General Counsel, Ava Labs

Ruslan Konurbayev
Product Owner, National Bank of Kazakhstan

David Kretz
Consultant, David Kretz Consulting

Marion Laboure
Director, Macro Strategist, Thematic Research,
Deutsche Bank

Ashley Lannquist
Digital Expert, Digital Advisory Unit, International
Monetary Fund

Jennifer Lassiter
Executive Director, Digital Dollar Project

Michael Law
Senior Fintech Director, Hong Kong Monetary
Authority

Carlos Ledn
Director, Financial Market Infrastructures & Digital
Currencies Solutions, FNA

Stephanie Lheureux
Head, Digital Asset Excellence Centre, Euroclear

Shu Pui Li
Advisor to Governor, Central Bank of the
United Arab Emirates

Willy Lim
Assistant Director Digital Platforms & CBDC,
Central Bank of the United Arab Emirates

Brett McDowell
Chair and President, Hedera Hashgraph

Conor McFarlane
Lead Policy Analyst, Bank of England

Tony McLaughlin
Managing Director, Transaction Banking, Citi

Alistair Milne
Professor, Loughborough Business School

Inga Mullins
Chief Executive Officer, Fluency Group

Dovile Naktinyte
Product Design Lead, Bank of England

Kamila Nigmatulina
Research Fellow, University of Oxford

Yannick Oberson
Executive Director, Head Governmental Affairs
International, UBS

Modernizing Financial Markets with Wholesale Central Bank Digital Currency

Contents

77



Jennifer O’Rourke
Executive Director, Innovation Strategy, The
Depository Trust and Clearing Corporation

Karen Ottoni
Director, Ecosystem, Hyperledger

Jorgen Ouaknine
Group Head, Innovation and Digital Assets, Euroclear

Ashlin Perumall
Partner, Corporate/M&A and IPTech, Baker
McKenzie

Felipe Rincon
Vice-President, Public Policy, Latin America,
Mastercard

Luca Ricci
Mission Chief, International Monetary Fund

Albi Rodriguez Jaramillo
Head, LACCHAIN Ecosystems and Communities,
The Inter-American Development Bank

Witit Synsatayakul
Deputy Director, Digital Currency Policy and
Development Unit, Bank of Thailand

Kasidit Tansanguan
Deputy Director, Corporate Strategy, Bank of
Thailand

Pallavi Thakur
Director, CBDC and Interoperability, SWIFT

Andrew Turner
Assistant Director Digital Payments & CBDC,
Central Bank of the United Arab Emirates

Gehard Van Deventer
Senior Fintech Analyst, South African Reserve Bank

Matthew Van Niekerk
Founder and Chief Executive Officer, SettleMint

James Wallis
Vice President RippleX, Central Bank Engagements
and CBDCs, Ripple

Alice Wang
Managing Director, Corporate and Investment Bank
Strategy, JP Morgan

John Whelan
Managing Director, Digital Investment Banking,
Banco Santander

Zhijun William Zhang
Adviser, Bank for International Settlements

Paul Wong
Director, Product, CBDC and Institutional Assets,
Stellar Development Foundation

Leanne Si Ying Zhang
Adviser, BIS Innovation Hub Hong Kong Center,
Bank for International Settlements

Bryan Zheng Zhang
Executive Director and Co-Founder, Cambridge
Centre for Alternative Finance, Cambridge Judge

Business School, University of Cambridge

Xiaonan Zou
Executive Director, Centre of Expertise; Lead Digital
Currency; Head Digital Assets Treasury, UBS

Production
Laurence Denmark
Creative Director, Studio Miko

Xander Harper
Editor, Studio Miko

Martha Howlett
| ead Editor, Studio Miko

Oliver Turner
Designer, Studio Miko

Modernizing Financial Markets with Wholesale Central Bank Digital Currency

Contents

78



Endnotes

N ok

10.

11.
12.

13.

14.

15.

Chhangani, Alisha, “Central Bank Digital Currency Evolution in 2023: From Investigation to Preparation”, Atlantic
Council, 6 November 2023, www.atlanticcouncil.org/blogs/econographics/central-bank-digital-currency-evolution-in-
2023-from-investigation-to-preparation.

Kosse, Anneke and llaria Mattei, Making Headway — Results of the 2022 BIS Survey on Central Bank Digital Currencies
and Crypto, Bank for International Settlements (BIS), 2023, https://www.bis.org/publ/bppdf/bispap136.pdf.

Carstens, Agustin, BISness: Innovation and the Future of the Monetary System, 21 February 2023, speech presented
at the Monetary Authority of Singapore, Singapore, podcasts.apple.com/us/podcast/innovation-and-the-future-of-the-
monetary-system/id14698614487i=1000610865323.

“BIS Quarterly Review Glossary”, BIS, March 2020, www.bis.org/publ/gtrpdf/r gt2003c¢.pdf.

BIS, Central Bank Digital Currencies — Executive Summary, 2023, https://www.bis.org/fsi/fsisummaries/cbdcs.htm.

“Glossary”, BIS, 17 October 2016, www.bis.org/cpmi/publ/d00b.htm?selection=15.

White, Lawrence H., “How Common Has Private Currency Been?”, Cato at Liberty, 16 August 2022, www.cato.org/
blog/how-common-has-private-currency-been.

White, Kathryn et al, The Macroeconomic Impact of Cryptocurrency and Stablecoins, World Economic Forum, 2022,
https:// www3.weforum.org/docs/WEF The Macroeconomic Impact of Cryptocurrency and Stablecoins 2022.pdf,

Vaes, Alfons et al, Real-Time Gross Settlement Systems, BIS (Committee on Payment and Settlement Systems), 1997,
https://www.bis.org/cpmi/publ/d22.pdf.

Dudley, William C. et al, Principles for Financial Market Infrastructures, BIS (Committee on Payment and Settlement

Systems and the Technical Committee of the International Organization of Securities Commissions), 2012, https://www.

bis.org/cpmi/publ/d101a.pdf.
lbid.

Schweizerische National Bank, SNB Launches Pilot Project with Central Bank Digital Currency for Financial Institutions
[Press release], 2 November 2023, https://www.snb.ch/en/publications/communication/press-releases/2023/
pre 20231102.

Chiang, Sheila, “Singapore to Pilot Use of Wholesale Central Bank Digital Currencies in 2024”, CNBC, 16 November
2023, https://www.cnbc.com/2023/11/17/singapore-to-pilot-wholesale-central-bank-digital-currencies-in-2024.html.

SIX, SIX Collaborates with the Swiss National Bank to Pilot Wholesale CBDC Issuance in Switzerland [Press release], 2
November 2023, https://www.six-group.com/en/newsroom/media-releases/2023/20231102-six-sdx-snb-helvetia-Ill.
html.

Banque de France, The Banque de France Publishes a Second Report to Share Lessons Learned from its Wholesale
CBDC Experiments Using Distributed Ledger Technologies [Press release], n.d., https://www.bangue-france.fr/en/
press-release/banque-de-france-publishes-second-report-share-lessons-learned-its-wholesale-cbdc-experiments-

using.

106.

17.

18.

19.

20.

21.

22.

23.
24.

25.

20.

27.

28.

29.

30.

Villeroy de Galhau, Francois, Wholesale CBDC: As Decisive as Retail CBDC, and Actively Experimenting, 3 October
2023, presented at Unveiling the Potential of Wholesale CBDC: What Insights and Prospects?, Paris, https://www.
banqgue-france.fr/en/governors-interventions/wholesale-cbdc-decisive-retail-cbdc-and-actively-experimenting.

BIS (Committee on Payments and Market Infrastructures), Final Report — Extending and Aligning Payment System
Operating Hours for Cross-Border Payments, 2022, https://www.bis.org/cpmi/publ/d203.pdf.

Lyons, Brenda and Chris Rowland, “The Importance of Getting T+1 Right”, State Street, May 2022, www.statestreet.
com/us/en/asset-owner/insights/getting-T-plus-1-right.

Depository Trust & Clearing Corporation (DTCQ), Building the Settlement System of the Future, September 2021,
DTCCs-Project-ION-Platform-Moves-to-Development-Phase-Following-Successful-Pilot-with-Industry.pdf.

Deloitte, SEC Adopts Proposal to Move Securities Settlement to T+1, 2022, www?2.deloitte.com/content/dam/Deloitte/
us/Documents/financial-services/us-deloitte-sec-t-2b1-feb-2022.pdf.

Citi, Securities Services Evolution 2023, 2023, https://www.citigroup.com/global/insights/securities-services/securities-
services-evolution-2023.

Lyons, Brenda and Chris Rowland, “The Importance of Getting T+1 Right”, State Street, May 2022, https://www.
statestreet.com/us/en/asset-manager/insights/getting-T-plus-1-right.

lbid.

El Otmani, Charifa, “Track Securities Settlement Transactions as You Would a Package”, Swift, 2 March 2023,
www.swift.com/news-events/news/track-securities-settlement-transactions-you-would-package.

El Otmani, Charifa, “Putting the Brakes on Securities Settlement Fails”, Swift, 30 October 2023, www.swift.com/news-
events/news/putting-brake-securities-settlement-fails.

Deutsche Bank, Breaking the Settlement Failure Chain, 2023, https://corporates.db.com/files/documents/publications/
DB-Settlement-Failure-\White-Paper.pdf.

Tomlinson, Peter and Pablo Garcia Rodriguez, T+1 Settlement in Europe: Potential Benefits and Challenges, AFME,
2022, www.afme.eu/publications/reports/details/t1-settlement-in-europe--potential-benefits-and--challenges.

Bowley, Taylor and Vanessa Cook, Beyond Crypto. Tokenization, Bank of America Institute, 2023, https://business.
bofa.com/content/dam/flagship/bank-of-america-institute/transformation/beyond-crypto-tokenization.pdf.

Banque de France, The Banque de France Publishes a Second Report to Share Lessons Learned from its Wholesale
CBDC Experiments Using Distributed Ledger Technologies [Press release], n.d, https://www.bangue-france.fr/en/
press-release/banque-de-france-publishes-second-report-share-lessons-learned-its-wholesale-cbdc-experiments-

using.
DTCC, DTCC Shares Findings from its Pilot with the Digital Dollar Project, Identifying Requirements for Supporting

a U.S. CBDC in Securities Settlement [Press release], 30 November 2022, https://www.dtcc.com/news/2022/
november/30/dtcc-shares-findings-from-its-pilot-with-the-digital-dollar-project.

Modernizing Financial Markets with Wholesale Central Bank Digital Currency

Contents 79



http://www.atlanticcouncil.org/blogs/econographics/central-bank-digital-currency-evolution-in-2023-from-investigation-to-preparation
http://www.atlanticcouncil.org/blogs/econographics/central-bank-digital-currency-evolution-in-2023-from-investigation-to-preparation
https://www.bis.org/publ/bppdf/bispap136.pdf
https://www.bis.org/speeches/sp230222.htm
https://www.bis.org/speeches/sp230222.htm
http://www.bis.org/publ/qtrpdf/r_qt2003c.pdf
https://www.bis.org/fsi/fsisummaries/cbdcs.htm
http://www.bis.org/cpmi/publ/d00b.htm?selection=15
http://www.cato.org/blog/how-common-has-private-currency-been
http://www.cato.org/blog/how-common-has-private-currency-been
https://www3.weforum.org/docs/WEF_The_Macroeconomic_Impact_of_Cryptocurrency_and_Stablecoins_2022.pdf
https://www.bis.org/cpmi/publ/d22.pdf
https://www.bis.org/cpmi/publ/d101a.pdf
https://www.bis.org/cpmi/publ/d101a.pdf
https://www.snb.ch/en/publications/communication/press-releases/2023/pre_20231102
https://www.snb.ch/en/publications/communication/press-releases/2023/pre_20231102
https://www.cnbc.com/2023/11/17/singapore-to-pilot-wholesale-central-bank-digital-currencies-in-2024.html
https://www.six-group.com/en/newsroom/media-releases/2023/20231102-six-sdx-snb-helvetia-lll.html
https://www.six-group.com/en/newsroom/media-releases/2023/20231102-six-sdx-snb-helvetia-lll.html
https://www.banque-france.fr/en/press-release/banque-de-france-publishes-second-report-share-lessons-learned-its-wholesale-cbdc-experiments-using
https://www.banque-france.fr/en/press-release/banque-de-france-publishes-second-report-share-lessons-learned-its-wholesale-cbdc-experiments-using
https://www.banque-france.fr/en/press-release/banque-de-france-publishes-second-report-share-lessons-learned-its-wholesale-cbdc-experiments-using
https://www.banque-france.fr/en/governors-interventions/wholesale-cbdc-decisive-retail-cbdc-and-actively-experimenting
https://www.banque-france.fr/en/governors-interventions/wholesale-cbdc-decisive-retail-cbdc-and-actively-experimenting
https://www.bis.org/cpmi/publ/d203.pdf
http://www.statestreet.com/us/en/asset-owner/insights/getting-T-plus-1-right
http://www.statestreet.com/us/en/asset-owner/insights/getting-T-plus-1-right
https://www.dtcc.com/-/media/Files/Downloads/WhitePapers/DTCCs-Project-ION-Platform-Moves-to-Development-Phase-Following-Successful-Pilot-with-Industry.pdf
https://www.dtcc.com/-/media/Files/Downloads/WhitePapers/DTCCs-Project-ION-Platform-Moves-to-Development-Phase-Following-Successful-Pilot-with-Industry.pdf
http://www2.deloitte.com/content/dam/Deloitte/us/Documents/financial-services/us-deloitte-sec-t-2b1-feb-2022.pdf
http://www2.deloitte.com/content/dam/Deloitte/us/Documents/financial-services/us-deloitte-sec-t-2b1-feb-2022.pdf
https://www.citigroup.com/global/insights/securities-services/securities-services-evolution-2023
https://www.citigroup.com/global/insights/securities-services/securities-services-evolution-2023
https://www.statestreet.com/us/en/asset-manager/insights/getting-T-plus-1-right
https://www.statestreet.com/us/en/asset-manager/insights/getting-T-plus-1-right
http://www.swift.com/news-events/news/track-securities-settlement-transactions-you-would-package
http://www.swift.com/news-events/news/putting-brake-securities-settlement-fails
http://www.swift.com/news-events/news/putting-brake-securities-settlement-fails
https://corporates.db.com/files/documents/publications/DB-Settlement-Failure-White-Paper.pdf
https://corporates.db.com/files/documents/publications/DB-Settlement-Failure-White-Paper.pdf
http://www.afme.eu/publications/reports/details/t1-settlement-in-europe--potential-benefits-and--challenges
https://business.bofa.com/content/dam/flagship/bank-of-america-institute/transformation/beyond-crypto-tokenization.pdf
https://business.bofa.com/content/dam/flagship/bank-of-america-institute/transformation/beyond-crypto-tokenization.pdf
https://www.banque-france.fr/en/press-release/banque-de-france-publishes-second-report-share-lessons-learned-its-wholesale-cbdc-experiments-using
https://www.banque-france.fr/en/press-release/banque-de-france-publishes-second-report-share-lessons-learned-its-wholesale-cbdc-experiments-using
https://www.banque-france.fr/en/press-release/banque-de-france-publishes-second-report-share-lessons-learned-its-wholesale-cbdc-experiments-using
https://www.dtcc.com/news/2022/november/30/dtcc-shares-findings-from-its-pilot-with-the-digital-dollar-project
https://www.dtcc.com/news/2022/november/30/dtcc-shares-findings-from-its-pilot-with-the-digital-dollar-project

31.

32.

33.

34.

395.

30.

37.

38.

39.

40.

41.

42.

43.

44,

45.

40.

47,

BIS, Project Tourbillon: Exploring Privacy, Security and Scalability for CBDCS, 2023, https://www.bis.org/publ/othp80.
pdf.
Tibbals Davy, Elizabeth, “Chapter 4: Foreign Exchange Settlement Risk”, in Current Legal Issues Affecting Central

Banks, Volume V, edited by Robert C. Effros, International Monetary Fund, 1998, www.elibrary.imf.org/display/
book/9781557756954/ch005.xml.

CLS, Unsettling: The Increase of Foreign Exchange without Settlement Risk Mitigation, 2020, www.cls-group.com/
media/bb4b3sge/cls foreign exchange 130720 v7.pdf.

BSBSC, History of the Basel Committee and its Membership, 2001, https://www.bis.org/publ/bcbsc101.pdf.

CLS Group, “CLS Group on LinkedIn: #Clssettlement #Shapingfx #Clsgroup #Riskmitigation #Pvp”, Linkedin,
December 2023, https://www.linkedin.com/posts/cls-bank clssettlement-shapingfx-clsgroup-activity-
7143239217240834048-pw927?utm_source=share&utm medium=member deskiop.

BIS, Triennial Central Bank Survey of Foreign Exchange and Over-The-Counter (OTC) Derivatives Markets in 2022
[Table], www.bis.org/statistics/rpfx22.htm.

Glowka, Marc and Thomas Nilsson, “FX Settlement Risk: An Unsettled Issue”, BIS Quarterly Review, December 2022,
www.bis.org/publ/gtrpdf/r gt2212i.pdf.

Woolridge, Phillip et al, “BIS Quarterly Review International Banking and Financial Market Developments”, BIS Quarterly
Review, December 2019, https://www.bis.org/publ/gtrpdf/r gt1912.pdf.

CLS, “Asset Managers and Custodians Look to Manage FX Settlement Risks with CLSSettlement”, Global Custodian,
2021, https://www.cls-group.com/media/y5imche4/cls article 2021 asset managers custodians manage
settlement risk.pdf?rnd=132903702762100000.

Glowka, Marc and Thomas Nilsson, “FX Settlement Risk: An Unsettled Issue”, BIS Quarterly Review, December 2022,
https://www.bis.org/publ/gtrpdf/r gt2212i.pdf.

Woolridge, Phillip et al, “BIS Quarterly Review International Banking and Financial Market Developments”, BIS Quarterly
Review, December 2019, https://www.bis.org/publ/gtrpdf/r gt1912.htm.

Bullmann, Dirk and Sophie Dalzell, FX Policy 02: The Fall of Bretton Woods: FX 50 Years Afloat, CLS, 2023, https://
WWW.CIS-group.com/insights/shaping-fx-ecosystem/fx-policy-02-the-fall-of-bretton-woods-fx-50-years-afloat-
shapingfx-series/.

Glowka, Marc and Thomas Nilsson, “FX Settlement Risk: An Unsettled Issue”, BIS Quarterly Review, December 2022,
https://www.bis.org/publ/gtrpdf/r gt1912.htm.

CLS, “Asset Managers and Custodians Look to Manage FX Settlement Risks with CLSSettlement”, Global Custodian,
2021.

“Project Mariana: BIS and Central Banks of France, Singapore and Switzerland Successfully Test Cross-Border
Wholesale CBDCs”, BIS, 28 September 2023, https://www.bis.org/about/bisih/topics/cbdc/mariana.htm.

Adams, Austin, On-Chain Foreign Exchange and Cross-Border Payments, SSRN, 2023, https://papers.ssrn.com/sol3/
papers.cim?abstract id=4328948.

“Dematerialization”, Corporate Finance Institute (CFl), n.d., https://corporatefinanceinstitute.com/resources/equities/
dematerialization/.

48.

49,

50.

51.

52.

63.

54.

595.

50.

57.

58.

50.

60.

61.

62.

Flint, Sir Douglas, Digitisation Taskforce — Interim Report, Digitisation Taskforce (HM Treasury), 2023, https://assets.
publishing.service.gov.uk/media/64a6e2a94dd8b3000f7fa60f/digitisation report.pdf.

City of London Law Society (CLLS), Response of the Joint Working Party of the City of London Law Society Company
Law, Financial Law and Regulatory Law Committees to the Law Commission’s Consultation on Intermediated
Securities, p. 34, 2019, https://archive.clls.org/storage/2019/11/CLLS-Response-Intermediated-Securities-11-11-19.
pdf?force isolation=true.

Australian Securities Exchange (ASX), ASX Announces Product Based Solution for CHESS Replacement [Press
release], 20 November 2023, https://www.asx.com.au/content/dam/asx/about/media-releases/2023/70-20-november-
2023-chess-replacement-solution-announced-and-2024-consultation.pdf?force isolation=true.

Boyle, Kathleen et al, “Money, Tokens and Games: Blockchain’s Next Billion Users and Trillions in Value”, Citi GPS:
Global Perspectives & Solutions, March 2023, https://ir.citi.com/gps/MGI9DEWhoYvQJVWIMIKr3%
2BZmagjoztKJcyNHr83F9Wug2pzAGHPQKfp23RAMrkNts % 2FJitXoTNqufOvegqU|jiXh0IA%3D%3D.

BIS, /ll. Blueprint for the Future Monetary System: Improving the Old, Enabling the New, 2023, https://www.bis.org/
publ/arpdf/ar2023e3.htm.

Hong Kong Monetary Authority, Bond Tokenisation in Hong Kong, 2023, https://www.hkma.gov.hk/media/eng/doc/
key-information/press-release/2023/20230824e3a1 .pdf.

Nolens, Bénéedicte, “Project Genesis 1.0: Prototype Digital Platforms for Green Bond Tokenisation”, BIS, 14 November
2022, https://www.bis.org/about/bisih/topics/green finance/green bonds.htm.

Hong Kong Monetary Authority, HKSAR Government’s Inaugural Tokenised Green Bond Offering [Press release], 16
February 2023, https://www.hkma.gov.hk/eng/news-and-media/press-releases/2023/02/20230216-3/.

BIS and Bank of Korea, A Step Toward New Financial Market Infrastructure: Bank of Korea’s Initiative, 2023,
https://www.bis.org/publ/othp77.pdf.

Handagama, Sandali, “Indonesia Regulatory Switch Could See Crypto Classed as Securities, Not Commodities”,
CoinDesk, 25 January 2023, https://www.coindesk.com/policy/2023/01/25/indonesia-regulatory-switch-could-see-
crypto-classed-as-securities-not-commodities/.

Franklin Templeton, Franklin Templeton Announces the Franklin OnChain U.S. Government Money Fund Surpasses
$270 Million in Assets Under Management [Press release], 24 April 2023, https://www.franklintempleton.com/
press-releases/news-room/2023/franklin-templeton-announces-the-franklin-onchain-u.s.-government-money-fund-
surpasses-usd2/0-million-in-assets-under-management.

Franklin Templeton, Franklin Templeton Money Market Fund Launches on Polygon Blockchain [Press release], 26 April
2023, https://www.franklintempleton.com/press-releases/news-room/2023/franklin-templeton-money-market-fund-
launches-on-polygon-blockchain.

Summerville, Monica, “Migration to Digital Assets Accelerates”, Celent, 25 October 2022, https://www.celent.com/
insights/189802044.

DTCC, Clearstream and Euroclear, Advancing the Digital Asset Era, Together, 2023, https://www.dtcc.com/-/media/
Files/Downloads/WhitePapers/FMI-Standards-WP.pdf?force isolation=true.

SIX Launches its SIX Digital Exchange by Successfully Issuing the World’s First Digital Bond in a Fully Regulated
Environment (six-group.com).

Modernizing Financial Markets with Wholesale Central Bank Digital Currency

Contents 80



https://www.bis.org/publ/othp80.pdf
https://www.bis.org/publ/othp80.pdf
http://www.elibrary.imf.org/display/book/9781557756954/ch005.xml
http://www.elibrary.imf.org/display/book/9781557756954/ch005.xml
http://www.cls-group.com/media/bb4b3sqe/cls_foreign_exchange_130720_v7.pdf
http://www.cls-group.com/media/bb4b3sqe/cls_foreign_exchange_130720_v7.pdf
https://www.bis.org/publ/bcbsc101.pdf
https://www.linkedin.com/posts/cls-bank_clssettlement-shapingfx-clsgroup-activity-7143239217240834048-pw92?utm_source=share&utm_medium=member_desktop
https://www.linkedin.com/posts/cls-bank_clssettlement-shapingfx-clsgroup-activity-7143239217240834048-pw92?utm_source=share&utm_medium=member_desktop
http://www.bis.org/statistics/rpfx22.htm
http://www.bis.org/publ/qtrpdf/r_qt2212i.pdf
https://www.bis.org/publ/qtrpdf/r_qt1912.pdf
https://www.cls-group.com/media/y5imche4/cls_article_2021_asset_managers_custodians_manage_settlement_risk.pdf?rnd=132903702762100000
https://www.cls-group.com/media/y5imche4/cls_article_2021_asset_managers_custodians_manage_settlement_risk.pdf?rnd=132903702762100000
https://www.bis.org/publ/qtrpdf/r_qt2212i.pdf
https://www.bis.org/publ/qtrpdf/r_qt1912.htm
https://www.cls-group.com/insights/shaping-fx-ecosystem/fx-policy-02-the-fall-of-bretton-woods-fx-50-years-afloat-shapingfx-series/
https://www.cls-group.com/insights/shaping-fx-ecosystem/fx-policy-02-the-fall-of-bretton-woods-fx-50-years-afloat-shapingfx-series/
https://www.cls-group.com/insights/shaping-fx-ecosystem/fx-policy-02-the-fall-of-bretton-woods-fx-50-years-afloat-shapingfx-series/
https://www.bis.org/publ/qtrpdf/r_qt1912.htm
https://www.bis.org/about/bisih/topics/cbdc/mariana.htm
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4328948
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4328948
https://corporatefinanceinstitute.com/resources/equities/dematerialization/
https://corporatefinanceinstitute.com/resources/equities/dematerialization/
https://assets.publishing.service.gov.uk/media/64a6e2a94dd8b3000f7fa60f/digitisation_report.pdf
https://assets.publishing.service.gov.uk/media/64a6e2a94dd8b3000f7fa60f/digitisation_report.pdf
https://archive.clls.org/storage/2019/11/CLLS-Response-Intermediated-Securities-11-11-19.pdf?force_isolation=true
https://archive.clls.org/storage/2019/11/CLLS-Response-Intermediated-Securities-11-11-19.pdf?force_isolation=true
https://www.asx.com.au/content/dam/asx/about/media-releases/2023/70-20-november-2023-chess-replacement-solution-announced-and-2024-consultation.pdf?force_isolation=true
https://www.asx.com.au/content/dam/asx/about/media-releases/2023/70-20-november-2023-chess-replacement-solution-announced-and-2024-consultation.pdf?force_isolation=true
https://ir.citi.com/gps/MG9DEWhoYvQJVWLM9Kr3%2BZmqjoztKJcyNHr83F9Wug2pzAGHPQKfp23RAMrkNts%2FJitXoTNqufOvegUjjXh0IA%3D%3D
https://ir.citi.com/gps/MG9DEWhoYvQJVWLM9Kr3%2BZmqjoztKJcyNHr83F9Wug2pzAGHPQKfp23RAMrkNts%2FJitXoTNqufOvegUjjXh0IA%3D%3D
https://www.bis.org/publ/arpdf/ar2023e3.htm
https://www.bis.org/publ/arpdf/ar2023e3.htm
https://www.hkma.gov.hk/media/eng/doc/key-information/press-release/2023/20230824e3a1.pdf
https://www.hkma.gov.hk/media/eng/doc/key-information/press-release/2023/20230824e3a1.pdf
https://www.bis.org/about/bisih/topics/green_finance/green_bonds.htm
https://www.hkma.gov.hk/eng/news-and-media/press-releases/2023/02/20230216-3/
https://www.bis.org/publ/othp77.pdf
https://www.coindesk.com/policy/2023/01/25/indonesia-regulatory-switch-could-see-crypto-classed-as-securities-not-commodities/
https://www.coindesk.com/policy/2023/01/25/indonesia-regulatory-switch-could-see-crypto-classed-as-securities-not-commodities/
https://www.franklintempleton.com/press-releases/news-room/2023/franklin-templeton-announces-the-franklin-onchain-u.s.-government-money-fund-surpasses-usd270-million-in-assets-under-management
https://www.franklintempleton.com/press-releases/news-room/2023/franklin-templeton-announces-the-franklin-onchain-u.s.-government-money-fund-surpasses-usd270-million-in-assets-under-management
https://www.franklintempleton.com/press-releases/news-room/2023/franklin-templeton-announces-the-franklin-onchain-u.s.-government-money-fund-surpasses-usd270-million-in-assets-under-management
https://www.franklintempleton.com/press-releases/news-room/2023/franklin-templeton-money-market-fund-launches-on-polygon-blockchain
https://www.franklintempleton.com/press-releases/news-room/2023/franklin-templeton-money-market-fund-launches-on-polygon-blockchain
https://www.celent.com/insights/189802044
https://www.celent.com/insights/189802044
https://www.dtcc.com/-/media/Files/Downloads/WhitePapers/FMI-Standards-WP.pdf?force_isolation=true
https://www.dtcc.com/-/media/Files/Downloads/WhitePapers/FMI-Standards-WP.pdf?force_isolation=true
six-group.com

63.

64.

65.

66.

67.

68.

69.

/0.

/1.

72.
/3.

4.

/3.

/0.

/7.

/8.

/9.
30.

UBS, UBS AG Launches the World’s First Digital Bond that is Publicly Traded and Settled on Both Blockchain-Based
and Traditional Exchanges [Press release], 3 November 2022, https://www.ubs.com/global/en/media/display-page-
ndp/en-20221103-digital-bond.html.

SDX, SIX Digital Exchange Opens its Doors to EURO Denominated Bonds [Press release], 24 January 2023,
https://www.sdx.com/news/open-to-euro-bonds/.

Swiss National Bank (SNB), SNB Launches Pilot Project with Central Bank Digital Currency for Financial Institutions
[Press release], 2 November 2023, https://www.snb.ch/en/publications/communication/press-releases/2023/
pre 20231102.

Gerteis, Melanie, “Zurcher Kantonalbank Processed the First Wholesale CBDC Transaction”, Zircher Kantonalbank
blog, 1 December 2023, https://www.zkb.ch/de/blog/themen/zkb-wickelt-erste-wholesale-cbdc-transaktion-ab.html.

Banque de France, Service Description of the BAF Full DLT Interoperability Solution for the Eurosystem Exploratory
Work, 2023, https://www.ecb.europa.eu/paym/intro/news/ecb.mipnews231213 annex2.en.pdf.

“Project Jura: Cross-Border Settlement Using Wholesale CBDC”, BIS, 8 December 2021, https://www.bis.org/about/
bisih/topics/cbdc/jura.htm.

SWIFT, Reducing Risk and Increasing Resilience in RTGS Payment Systems, 2014, https://www.swift.com/swift-
resource/4001/download?language=en.

“How RTGS Inadvertently Killed System Liquidity”, Financial Times, n.d., https://www.ft.com/content/36e15d64-8052-
3808-83bc-6a1d30089b3c.

Martin, Antoine and James McAndrews, An Economic Analysis of Liquidity-Saving Mechanisms, SSRN Electronic
Journal, 2008, https://doi.org/10.2139/ssrn.1141361.

lbid.

Lee, Michael, Antoine Martin and Benjamin Miller, “What Is Atomic Settlement?”, Liberty Street Economics, 7 November
2022, libertystreeteconomics.newyorkfed.org/2022/11/what-is-atomic-settlement/.

Ledn, Carlos, José Fernando Moreno Guitérrez and Kimmo Soramaki, “Molecular Settlement: Making Atomic
Settlement Work in a Positive Interest Rate Environment”, FNA, 29 September 2023, https://fna.fi/insights/making-
atomic-settiment-work-in-positive-intereste-rate-environments/.

Ledn, Carlos and Kimmo Soramaki, The Next Generation RTGS: Liquidity Saving Mechanisms as an Overlay Service,
FNA, 2024, https://fna.fi/insights/the-next-generation-rtgs-liquidity-saving-mechanisms-as-an-overlay-service/.

Banque de France, Banque de France and Euroclear lead CBDC Blockchain Experiment, 2021, hitps://www.euroclear.
com/newsandinsights/en/Format/\Whitepapers-Reports/cbdc-to-settle-french-government-bonds.html.

World Economic Forum, Unlocking Interoperability: Overcoming Regulatory Frictions in Cross-Border Payments, 2023,
https://www3.weforum.org/docs/WEF Unlocking Interoperability 2023.pdf.

Rich, Cynthia J., “New Wave of Privacy Laws in the APAC Region”, Morrison Foerster, 30 January 2023, https://www.
mofo.com/resources/insights/230130-new-wave-of-privacy-laws-in-the-apac-region.

BIS, International Settlements Using Multi-CBDCs, 2022, https://www.bis.org/publ/othp47.pdf.

“Project Mandala: Shaping the Future of Cross-Border Payments Compliance”, BIS, 15 November 2023, https://www.
bis.org/about/bisih/topics/cbdc/mandala.htm.

31.

32.

83.

84.
39.

30.

37.

38.

39.

90.
91.
92.

93.

94.

90.

96.

97.

98.

99.

Lexis Nexis, True Cost of Financial Crime Compliance Study [Infographic], https://risk.lexisnexis.com/global/-/media/
files/financial services/infographics/Inrs-global-tcoc-infographic-2022-nxr15749-00-1122-en-us.pdf.

Auer, Raphael, Embedded Supervision: How to Build Regulation into Decentralised Finance, BIS, 2019, https://www.
bis.org/publ/work811.pdf.

Miller, Rena S., Overview of Correspondent Banking and “De-Risking” Issues, Congressional Research Service, 2022,
https://crsreports.congress.gov/product/pdf/IF/IF10873/3.

World Bank, GDP (Current US$) [Infographic], https://data.worldbank.org/indicator/NY.GDP.MKTP.CD.

BIS: Committee on Payments and Market Infrastructures, Correspondent Banking, 2016, https://www.bis.org/cpmi/
publ/d147.pdf.

Chia, Tek Yew et al, Unlocking $120 Billion Value in Cross-Border Payments: How Banks Can Leverage Central Bank
Digital Currencies for Corporates, Oliver Wyman and JP Morgan Chase, 2021, https://www.oliverwyman.com/content/
dam/oliver-wyman/v2/publications/2021/nov/unlocking-120-billion-value-in-cross-border-payments. pdf.

Nolens, Bénédicte et al, Connecting Economies through CBDC, BIS, 2022, https://www.bis.org/publ/othp59.pdf.

Boar, Codruta, New Correspondent Banking Data — the Decline Continues at a Slower Pace, BIS, n.d., www.bis.org/
cpmi/paysysinfo/corr_bank data/corr bank data commentary 2008.htm.

Miller, Rena S., Overview of Correspondent Banking and “De-Risking” Issues, Congressional Research Service, 2022,
https://crsreports.congress.gov/product/pdf/IF/IF10873/3.

lbid.

BIS: Committee on Payments and Market Infrastructures, Correspondent Banking, 2016.

Financial Stability Board, Annual Progress Report on Meeting the Targets for Cross-Border Payments, 2023,
www.fsb.org/wp-content/uploads/P091023-1.pdf.

Xiao, Yan et al, Defining and Measuring Payment Interoperability, World Economic Forum, 2022, https://www3.
weforum.org/docs/WEF Defining and Measuring Interoperability 2022.pdf.

Carstens, Agustin et al, BIS Quarterly Review: International Banking and Financial Market Developments, BIS, 2020,
https://www.bis.org/publ/atrpdf/r gt2003.pdf.

BIS, Experimenting with a Multi-CBDC Platform for Cross-Border Payments, 2023, https://www.bis.org/innovation
hub/projects/mbridge brochure 2311.pdf.

Swift, Swift’s Cross-Border Payments Processing Speed Surpasses G20 Target [Press release], 22 August 2023,
https://www.swift.com/news-events/press-releases/swifts-cross-border-payments-processing-speed-surpasses-g20-

target.

BIS: Committee on Payments and Market Infrastructures, SWIFT gpi Data Indicate Drivers of Fast Cross-Border
Payments, 2022, https://www.bis.org/cpmi/publ/swift gpi.pdf.

He, Chusu, Alistair Milne and Markos Zachariadis, Central Bank Digital Currencies and International Payments, Swift
Institute, 2022, https://papers.ssrn.com/sol3/papers.ctm?abstract id=4112382.

BIS: Committee on Payments and Market Infrastructures and the World Bank Group, Payment Aspects of Financial
Inclusion, 2016, https://www.bis.org/cpmi/publ/d144.htm.

Modernizing Financial Markets with Wholesale Central Bank Digital Currency

Contents 81



https://www.ubs.com/global/en/media/display-page-ndp/en-20221103-digital-bond.html
https://www.ubs.com/global/en/media/display-page-ndp/en-20221103-digital-bond.html
https://www.sdx.com/news/open-to-euro-bonds/
https://www.snb.ch/en/publications/communication/press-releases/2023/pre_20231102
https://www.snb.ch/en/publications/communication/press-releases/2023/pre_20231102
https://www.zkb.ch/de/blog/themen/zkb-wickelt-erste-wholesale-cbdc-transaktion-ab.html
https://www.ecb.europa.eu/paym/intro/news/ecb.mipnews231213_annex2.en.pdf
https://www.bis.org/about/bisih/topics/cbdc/jura.htm
https://www.bis.org/about/bisih/topics/cbdc/jura.htm
https://www.swift.com/swift-resource/4001/download?language=en
https://www.swift.com/swift-resource/4001/download?language=en
https://www.ft.com/content/36e15d64-8052-3808-83bc-6a1d30089b3c
https://www.ft.com/content/36e15d64-8052-3808-83bc-6a1d30089b3c
https://doi.org/10.2139/ssrn.1141361
http://libertystreeteconomics.newyorkfed.org/2022/11/what-is-atomic-settlement/
https://fna.fi/insights/making-atomic-settlment-work-in-positive-intereste-rate-environments/
https://fna.fi/insights/making-atomic-settlment-work-in-positive-intereste-rate-environments/
https://fna.fi/insights/the-next-generation-rtgs-liquidity-saving-mechanisms-as-an-overlay-service/
https://www.euroclear.com/newsandinsights/en/Format/Whitepapers-Reports/cbdc-to-settle-french-government-bonds.html
https://www.euroclear.com/newsandinsights/en/Format/Whitepapers-Reports/cbdc-to-settle-french-government-bonds.html
https://www3.weforum.org/docs/WEF_Unlocking_Interoperability_2023.pdf
https://www.mofo.com/resources/insights/230130-new-wave-of-privacy-laws-in-the-apac-region
https://www.mofo.com/resources/insights/230130-new-wave-of-privacy-laws-in-the-apac-region
https://www.bis.org/publ/othp47.pdf
https://www.bis.org/about/bisih/topics/cbdc/mandala.htm
https://www.bis.org/about/bisih/topics/cbdc/mandala.htm
https://risk.lexisnexis.com/global/-/media/files/financial services/infographics/lnrs-global-tcoc-infographic-2022-nxr15749-00-1122-en-us.pdf
https://risk.lexisnexis.com/global/-/media/files/financial services/infographics/lnrs-global-tcoc-infographic-2022-nxr15749-00-1122-en-us.pdf
https://www.bis.org/publ/work811.pdf
https://www.bis.org/publ/work811.pdf
https://crsreports.congress.gov/product/pdf/IF/IF10873/3
https://data.worldbank.org/indicator/NY.GDP.MKTP.CD
https://www.bis.org/cpmi/publ/d147.pdf
https://www.bis.org/cpmi/publ/d147.pdf
https://www.oliverwyman.com/content/dam/oliver-wyman/v2/publications/2021/nov/unlocking-120-billion-value-in-cross-border-payments.pdf
https://www.oliverwyman.com/content/dam/oliver-wyman/v2/publications/2021/nov/unlocking-120-billion-value-in-cross-border-payments.pdf
https://www.bis.org/publ/othp59.pdf
http://www.bis.org/cpmi/paysysinfo/corr_bank_data/corr_bank_data_commentary_2008.htm
http://www.bis.org/cpmi/paysysinfo/corr_bank_data/corr_bank_data_commentary_2008.htm
https://crsreports.congress.gov/product/pdf/IF/IF10873/3
http://www.fsb.org/wp-content/uploads/P091023-1.pdf
https://www3.weforum.org/docs/WEF_Defining_and Measuring_Interoperability_2022.pdf
https://www3.weforum.org/docs/WEF_Defining_and Measuring_Interoperability_2022.pdf
https://www.bis.org/publ/qtrpdf/r_qt2003.pdf
https://www.bis.org/innovation_hub/projects/mbridge_brochure_2311.pdf
https://www.bis.org/innovation_hub/projects/mbridge_brochure_2311.pdf
https://www.swift.com/news-events/press-releases/swifts-cross-border-payments-processing-speed-surpasses-g20-target
https://www.swift.com/news-events/press-releases/swifts-cross-border-payments-processing-speed-surpasses-g20-target
https://www.bis.org/cpmi/publ/swift_gpi.pdf
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4112382
https://www.bis.org/cpmi/publ/d144.htm

100.

101.

102.

103.

104.

106.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

World Economic Forum, Central Bank Digital Currency Global Interoperability Principles, 2023, https://www3.weforum.
org/docs/WEF Central Bank Digital Currency Global Interoperability Principles 2023.pdf.

Swift, Connecting Blockchains: Overcoming Fragmentation in Tokenised Assets, 2023, https://www.swift.com/swift-
resource/252093/download?force download=1.

BIS, IMF and World Bank Group, Options for Access to and Interoperability of CBDCs for Cross-Border Payments,
2022, https://www.bis.org/publ/othp52.pdf.

“Project Icebreaker Concludes Experiment for a New Architecture for Cross-Border Retail CBDCs”, BIS, 5 March 2023,
https://www.bis.org/about/bisin/topics/cbdc/icebreaker.htm.

Swift, Swift Advances CBDC Innovation as Interlinking Solution Begins Beta Testing [Press release], 13 September
2023, https://www.swift.com/news-events/press-releases/swift-advances-cbdc-innovation-interlinking-solution-begins-

beta-testing.

The Regulated Liability Network, Digital Sovereign Currency, 2022, https://regulatedliabilitynetwork.org/wp-content/
uploads/2022/11/The-Regulated-Liability-Network-Whitepaper.pdf.

“New Technologies for Wholesale Settlement — Contact Group (NTW-CGQG)”, European Central Bank, n.d., https://www.
ecb.europa.eu/paym/groups/ntwca/html/index.en.html.

Bank of England, RTGS Renewal Programme Proof of Concept: Supporting DLT Settlement Models, 2018, https://
www.bankofengland.co.uk/-/media/boe/files/payments/rtgs-renewal-programme-proof-of-concept-supporting-dlt-
settlement-models.pdf.

Deutsche Bundesbank, DLT-Based Securities Settlement in Central Bank Money Successfully Tested [Press release],
24 March 2021, https://www.bundesbank.de/en/press/press-releases/dlt-based-securities-settlement-in-central-bank-
money-successiully-tested-861444.

Diehl, Martin and Constantin Drott, Empowering central bank money for a digital future, 2023, https://www.suerf.org/
publications/suerf-policy-notes-and-briefs/empowering-central-bank-money-for-a-digital-future/.

“Bank of Italy Favors Trigger Payments Over Wholesale CBDC for DLT Settlement”, Ledger Insights, 15 March 2023,
https://www.ledgerinsights.com/bank-of-italy-trigger-payments-over-wholesale-cbdc-for-dit-settlement/.

Banca D’ltalia: European Central Bank, TIPS Hash-Link Service Description, 19 December 2023, https://www.ecb.
europa.eu/paym/intro/news/ecb.mipnews231213 annex3d.en.pdf.

European Central Bank, Call for expressions of interest: exploring new technologies for wholesale central bank
money settlement [Press release], 13 December 2023, https://www.ecb.europa.eu/paym/intro/news/html/ecb.
Mmipnews231213.en.html.

DTCC, Clearstream and Euroclear, Advancing the Digital Asset Era, Together, 2023, https://www.dtcc.com/-/media/
Files/Downloads/\WhitePapers/FMI-Standards-WP.pdf.

“Project Meridian: Innovating Transactions with Synchronisation”, BIS, 18 April 2023, https://www.bis.org/about/bisih/
topics/fmis/meridian.htm.

Bank Indonesia, Project Garuda: Navigating the Architecture of Digital Rupiah, 2022, https://www.bi.go.id/en/rupiah/
digital-rupiah/Documents/\White-Paper-CBDC-2022 en.pdf.

116.

117.

118.

119,

120.

121.

122,

123.

124.

125,

120.

127.

128.

129.

130.

Greene, Robert, “Asia’s Interest in Wholesale Central Bank Digital Currency — and Challenges to Cross Border Use”,
Carnegie Endowment for International Peace, 7 February 2023, https://carnegieendowment.org/2023/02/07/asia-s-
interest-in-wholesale-central-bank-digital-currency-and-challenges-to-cross-border-use-pub-88978.

Milne, Alistair, “Argument by False Analogy: The Mistaken Classification of Bitcoin as Token Money”, Journal of Money,
Credit and Banking, 2023, https://onlinelibrary.wiley.com/doi/full/10.1111/ijmcb.13061.

Mandeng, Ousmene Jacques and John Velissarios, The (R)evolution of Money Ill: CBDC is Here, Careful Design
Needed Now, Accenture, 2022, https://www.accenture.com/content/dam/accenture/final/a-com-migration/r3-3/pdf/
pdf-174/accenture-revolution-of-money-3.pdf.

Digital Pound Foundation, Banque de France Reveals Wholesale CBDC Experiment Findings Using DLT Technology
[Press release], 26 July 2023, https://digitalpoundfoundation.com/banque-de-france-reveals-wholesale-cbdc-
experiment-findings-using-dlt-technology/.

Banque de France, Banque de France Publishes a Second Report to Share Lessons Learned from its Wholesale CBDC
Experiments Using Distributed Ledger Technologies [Press release], n.d.

BIS: Consultative Group on Risk Management, Central Bank Digital Currency (CBDC) Information Security and
Operational Risks to Central Banks, 2023, https://www.bis.org/publ/othp81.pdf.

“Smart contracts, key to broader adoption of blockchain, face their own hurdles”, Moody’s Investors Service, 9 August
2023, https://www.moodys.com/research/Decentralized-Finance-and-Digital-Assets-Cross-Region-Smart-contracts-
key-Sector-In-Depth--PBC 1359147.

Bossu, Wouter et al, Legal Aspects of Central Bank Digital Currency: Central Bank and Monetary Law Considerations,
International Monetary Fund (IMF), 2020, https://www.imf.org/en/Publications/\WP/lssues/2020/11/20/l egal-Aspects-
of-Central-Bank-Digital-Currency-Central-Bank-and-Monetary-L aw-Considerations-49827 .

BIS, Gaining Momentum — Results of the 2021 BIS Survey on Central Bank Digital Currencies, 2022, https://www.bis.
org/publ/bppdf/bispap125.pdf.

Schickler, Jack, “Digital Euro Will Never be Programmable, ECB’s Panetta Says”, CoinDesk, 23 January 2023, https://
www.coindesk.com/policy/2023/01/23/digital-euro-will-never-be-programmable-ecbs-panetta-says/.

Monetary Authority of Singapore, Purpose Bound Money (PBM) Technical Whitepaper, 2023, https://www.mas.gov.sg/
publications/monographs-or-information-paper/2023/purpose-bound-money-whitepaper.

Citi GPS, Future of Cross-Border Payments: Who Will be Moving $250 Trillion in the Next Five Years?, 2023,
https://ir.citi.com/gps/Jk5902KIkzVjlkwJXj2Cat4n % 2FaiGecbguwJWEDZcHMpjgNhfmVYa9HB5GA%2FtL 7zSR
MUwgPC6cNzNiJpm4wnwhUA%3D%3D.

World Bank, Payment Systems Worldwide: A Snapshot, Outcomes of the Global Payment Systems Survey 2010, 2011,
https://documents.worldbank.org/curated/en/441671468332987906/pdf/701580ESWOP1230bal0SurveyOBook02010.

pdif.

Financial Stability Board, G20 Roadmap for Enhancing Cross-border Payments, 2023, https://www.fsb.org/wp-
content/uploads/P091023-2.pdf.

“The Renewed RTGS Service — Key Benefits”, Bank of England, 25 April 2023, https://www.bankofengland.co.uk/
payment-and-settlement/rtgs-renewal-programme/the-renewed-rtgs-service-key-benefits.

Modernizing Financial Markets with Wholesale Central Bank Digital Currency

Contents 82



https://www3.weforum.org/docs/WEF_Central_Bank_Digital_Currency_Global_Interoperability_Principles_2023.pdf
https://www3.weforum.org/docs/WEF_Central_Bank_Digital_Currency_Global_Interoperability_Principles_2023.pdf
https://www.swift.com/swift-resource/252093/download?force_download=1
https://www.swift.com/swift-resource/252093/download?force_download=1
https://www.bis.org/publ/othp52.pdf
https://www.bis.org/about/bisih/topics/cbdc/icebreaker.htm
https://www.swift.com/news-events/press-releases/swift-advances-cbdc-innovation-interlinking-solution-begins-beta-testing
https://www.swift.com/news-events/press-releases/swift-advances-cbdc-innovation-interlinking-solution-begins-beta-testing
https://regulatedliabilitynetwork.org/wp-content/uploads/2022/11/The-Regulated-Liability-Network-Whitepaper.pdf
https://regulatedliabilitynetwork.org/wp-content/uploads/2022/11/The-Regulated-Liability-Network-Whitepaper.pdf
https://www.ecb.europa.eu/paym/groups/ntwcg/html/index.en.html
https://www.ecb.europa.eu/paym/groups/ntwcg/html/index.en.html
https://www.bankofengland.co.uk/-/media/boe/files/payments/rtgs-renewal-programme-proof-of-concept-supporting-dlt-settlement-models.pdf
https://www.bankofengland.co.uk/-/media/boe/files/payments/rtgs-renewal-programme-proof-of-concept-supporting-dlt-settlement-models.pdf
https://www.bankofengland.co.uk/-/media/boe/files/payments/rtgs-renewal-programme-proof-of-concept-supporting-dlt-settlement-models.pdf
https://www.bundesbank.de/en/press/press-releases/dlt-based-securities-settlement-in-central-bank-money-successfully-tested-861444
https://www.bundesbank.de/en/press/press-releases/dlt-based-securities-settlement-in-central-bank-money-successfully-tested-861444
https://www.suerf.org/publications/suerf-policy-notes-and-briefs/empowering-central-bank-money-for-a-digital-future/
https://www.suerf.org/publications/suerf-policy-notes-and-briefs/empowering-central-bank-money-for-a-digital-future/
https://www.ledgerinsights.com/bank-of-italy-trigger-payments-over-wholesale-cbdc-for-dlt-settlement/
https://www.ecb.europa.eu/paym/intro/news/ecb.mipnews231213_annex3.en.pdf
https://www.ecb.europa.eu/paym/intro/news/ecb.mipnews231213_annex3.en.pdf
https://www.ecb.europa.eu/paym/intro/news/html/ecb.mipnews231213.en.html
https://www.ecb.europa.eu/paym/intro/news/html/ecb.mipnews231213.en.html
https://www.dtcc.com/-/media/Files/Downloads/WhitePapers/FMI-Standards-WP.pdf
https://www.dtcc.com/-/media/Files/Downloads/WhitePapers/FMI-Standards-WP.pdf
https://www.bis.org/about/bisih/topics/fmis/meridian.htm
https://www.bis.org/about/bisih/topics/fmis/meridian.htm
https://www.bi.go.id/en/rupiah/digital-rupiah/Documents/White-Paper-CBDC-2022_en.pdf
https://www.bi.go.id/en/rupiah/digital-rupiah/Documents/White-Paper-CBDC-2022_en.pdf
https://carnegieendowment.org/2023/02/07/asia-s-interest-in-wholesale-central-bank-digital-currency-and-challenges-to-cross-border-use-pub-88978
https://carnegieendowment.org/2023/02/07/asia-s-interest-in-wholesale-central-bank-digital-currency-and-challenges-to-cross-border-use-pub-88978
https://onlinelibrary.wiley.com/doi/full/10.1111/jmcb.13061
https://www.accenture.com/content/dam/accenture/final/a-com-migration/r3-3/pdf/pdf-174/accenture-revolution-of-money-3.pdf
https://www.accenture.com/content/dam/accenture/final/a-com-migration/r3-3/pdf/pdf-174/accenture-revolution-of-money-3.pdf
https://digitalpoundfoundation.com/banque-de-france-reveals-wholesale-cbdc-experiment-findings-using-dlt-technology/
https://digitalpoundfoundation.com/banque-de-france-reveals-wholesale-cbdc-experiment-findings-using-dlt-technology/
https://www.bis.org/publ/othp81.pdf
https://www.moodys.com/research/Decentralized-Finance-and-Digital-Assets-Cross-Region-Smart-contracts-key-Sector-In-Depth--PBC_1359147
https://www.moodys.com/research/Decentralized-Finance-and-Digital-Assets-Cross-Region-Smart-contracts-key-Sector-In-Depth--PBC_1359147
https://www.imf.org/en/Publications/WP/Issues/2020/11/20/Legal-Aspects-of-Central-Bank-Digital-Currency-Central-Bank-and-Monetary-Law-Considerations-49827
https://www.imf.org/en/Publications/WP/Issues/2020/11/20/Legal-Aspects-of-Central-Bank-Digital-Currency-Central-Bank-and-Monetary-Law-Considerations-49827
https://www.bis.org/publ/bppdf/bispap125.pdf
https://www.bis.org/publ/bppdf/bispap125.pdf
https://www.coindesk.com/policy/2023/01/23/digital-euro-will-never-be-programmable-ecbs-panetta-says/
https://www.coindesk.com/policy/2023/01/23/digital-euro-will-never-be-programmable-ecbs-panetta-says/
https://www.mas.gov.sg/publications/monographs-or-information-paper/2023/purpose-bound-money-whitepaper
https://www.mas.gov.sg/publications/monographs-or-information-paper/2023/purpose-bound-money-whitepaper
https://ir.citi.com/gps/Jk59o2KlkzVjlkwJXj2Cat4n%2FaiGcbguwJWFDZcHMpjqNhfmVYa9HB5GA%2FtL7zSRMUwqPC6cNzNiJpm4wnwhUA%3D%3D
https://ir.citi.com/gps/Jk59o2KlkzVjlkwJXj2Cat4n%2FaiGcbguwJWFDZcHMpjqNhfmVYa9HB5GA%2FtL7zSRMUwqPC6cNzNiJpm4wnwhUA%3D%3D
https://documents.worldbank.org/curated/en/441671468332987906/pdf/701580ESW0P1230bal0Survey0Book02010.pdf
https://documents.worldbank.org/curated/en/441671468332987906/pdf/701580ESW0P1230bal0Survey0Book02010.pdf
https://www.fsb.org/wp-content/uploads/P091023-2.pdf
https://www.fsb.org/wp-content/uploads/P091023-2.pdf
https://www.bankofengland.co.uk/payment-and-settlement/rtgs-renewal-programme/the-renewed-rtgs-service-key-benefits
https://www.bankofengland.co.uk/payment-and-settlement/rtgs-renewal-programme/the-renewed-rtgs-service-key-benefits

131.

132.

133.

134,
135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

BIS and Bank of England, Project Meridian: Simplifying Transactions Through Innovation, 2023, https://www.bis.org/
publ/othp63.pdf.

Teja, Natasha, “How the Bank of England’s Renewed RTGS System Could Change the Payments Landscape”, The
Payments Association, 5 September 2023, https://thepaymentsassociation.org/article/how-the-bank-of-englands-
renewed-rtgs-system-could-change-the-payments-landscape/.

European Central Bank, Successful Launch of New T2 Wholesale Payment System [Press release], 21 March 2023,
https://www.ecb.europa.eu/press/pr/date/2023/html/ecb.pr230321 ~f5c7bddfed.en.html.

“Central Bank of Oman (RTGS)”, CMA, September 2005, https://www.cma.se/case/central-bank-of-oman.

Bangko Sentral Ng Pilipinas, Next Generation PhilPaSS Plus Now on Live Run [Press release], 26 August 2021, https://
www.bsp.gov.ph/SitePages/MediaAndResearch/MediaDisp.aspx?ltemld=5912.

“New Message Format for the Fedwire® Funds Service”, Federal Register, 24 October 2022, https://www.
federalreqister.gov/documents/2022/10/24/2022-23002/new-message-format-for-the-fedwire-funds-service.

Lang, Hannah, “Fed Launches Long-Awaited Instant Payment Service, Modernizing System”, Reuters, 20 July 2023,
https://www.reuters.com/business/finance/fed-set-launch-long-awaited-instant-payments-service-modernizing-
system-2023-07-20/.

Anthony, Nicholas and Norbert Michel, “A Breakdown of the Different CBDC Models”, CATO At Liberty, 10 February
2023, https://www.cato.org/blog/breakdown-different-cbdc-models.

Bank of England, First Non-Bank Payment Service Provider (PSP) Directly Accesses UK Payment System [Press
release], 18 April 2018, https://www.bankofengland.co.uk/news/2018/april/non-bank-psp-access-to-the-payments-
system-announcement.

DiPippo, Gerard, “Options for a Digital Dollar: Central Bank Digital Currency and Stablecoins”, Center for Strategic and
International Studies (CSIS), 24 February 2022, https://www.csis.org/analysis/options-digital-dollar-central-bank-digital-

currency-and-stablecoins.

“Digital Money: Options for the Financial Industry”, Deutsche Bundesbank, 19 July 2023, https://www.bundesbank.de/
en/tasks/topics/digital-money-options-for-the-financial-industry-913214.

Fnality, Fnality Commences Initial Phase of Sterling Payment Operations in a World-First for both Wholesale Finance
and Digital Asset Markets [Press release], 14 December 2023, https://www.fnality.ora/news-views/fnality-commences-
initial-phase-of-sterling-payment-operations-in-a-world-first.

Bank of England, Bank of England Publishes Policy for Omnibus Accounts in RTGS [Press release], 19 April 2021,
https://www.bankofengland.co.uk/news/2021/april/boe-publishes-policy-for-omnibus-accounts-in-rtgs.

Harrison, Polly Jean, “Fnality: The New Bank of England Omnibus Account and its Implications on Payments”,
Fintech Times, 1 July 2021, https://thefintechtimes.com/fnality-the-new-bank-of-england-omnibus-account-and-its-
implications-on-payments/.

Office of the Comptroller of the Currency, “OCC Tokenization Symposium”, Youtube, 20 March 2024,
https://youtu.be/2H9u2I0bSVs?si=co1l -gPWSvIKc104&t=19870

Shin, Hyung Song, Tokenisation for the Real World, 8 February 2024, OCC Symposium on the “Tokenization of Real-
World Assets and Liabilities”, Washington DC, https://www.bis.org/speeches/sp240209.pdf.

147.

148.

149,

150,

151.

162.

153.

Ozcan, Gokce et al, Deposit Tokens: A Foundation for Stable Digital Money, Oliver Wyman and J.P. Morgan, 2022,
https://www.jpmorgan.com/onyx/documents/deposit-tokens.pdf.

Garratt, Rod et al, “The Future of Payments is Not Stablecoins”, Liberty Street Economics, Federal Reserve Bank of
New York, February 2022, https://libertystreeteconomics.newyorkfed.org/2022/02/the-future-of-payments-is-not-
stablecoins/.

Swiss Bankers Association, The Deposit Token: New Money for Digital Switzerland, March 2023, https://www.
swissbanking.ch/ Resources/Persistent/9/4/1/1/941178de59b98030206fc15ac8c99012f65df30b/SBA The Deposit

Token EN 2023.pdf.

Ozcan, Gokce et al, Deposit Tokens: A Foundation for Stable Digital Money, Oliver Wyman and J.P. Morgan, 2022.

Weikai, Fang, “Digital Currencies MO to M1”, LinkedIn, 9 October 2023, https://www.linkedin.com/pulse/digital-
currencies-m0-m1-weikai-phang.

Garratt, Rodney and Hyung Song Shin, Stablecoins Versus Tokenized Deposits: Implications for the Singleness
of Money, BIS, 2023, https://www.bis.org/publ/bisbull73.pdf.

lbid.

Modernizing Financial Markets with Wholesale Central Bank Digital Currency

Contents

83


https://www.bis.org/publ/othp63.pdf
https://www.bis.org/publ/othp63.pdf
https://thepaymentsassociation.org/article/how-the-bank-of-englands-renewed-rtgs-system-could-change-the-payments-landscape/
https://thepaymentsassociation.org/article/how-the-bank-of-englands-renewed-rtgs-system-could-change-the-payments-landscape/
https://www.ecb.europa.eu/press/pr/date/2023/html/ecb.pr230321~f5c7bddf6d.en.html
https://www.cma.se/case/central-bank-of-oman
https://www.bsp.gov.ph/SitePages/MediaAndResearch/MediaDisp.aspx?ItemId=5912
https://www.bsp.gov.ph/SitePages/MediaAndResearch/MediaDisp.aspx?ItemId=5912
https://www.federalregister.gov/documents/2022/10/24/2022-23002/new-message-format-for-the-fedwire-funds-service
https://www.federalregister.gov/documents/2022/10/24/2022-23002/new-message-format-for-the-fedwire-funds-service
https://www.reuters.com/business/finance/fed-set-launch-long-awaited-instant-payments-service-modernizing-system-2023-07-20/
https://www.reuters.com/business/finance/fed-set-launch-long-awaited-instant-payments-service-modernizing-system-2023-07-20/
https://www.cato.org/blog/breakdown-different-cbdc-models
https://www.bankofengland.co.uk/news/2018/april/non-bank-psp-access-to-the-payments-system-announcement
https://www.bankofengland.co.uk/news/2018/april/non-bank-psp-access-to-the-payments-system-announcement
https://www.csis.org/analysis/options-digital-dollar-central-bank-digital-currency-and-stablecoins
https://www.csis.org/analysis/options-digital-dollar-central-bank-digital-currency-and-stablecoins
https://www.bundesbank.de/en/tasks/topics/digital-money-options-for-the-financial-industry-913214
https://www.bundesbank.de/en/tasks/topics/digital-money-options-for-the-financial-industry-913214
https://www.fnality.org/news-views/fnality-commences-initial-phase-of-sterling-payment-operations-in-a-world-first
https://www.fnality.org/news-views/fnality-commences-initial-phase-of-sterling-payment-operations-in-a-world-first
https://www.bankofengland.co.uk/news/2021/april/boe-publishes-policy-for-omnibus-accounts-in-rtgs
https://thefintechtimes.com/fnality-the-new-bank-of-england-omnibus-account-and-its-implications-on-payments/
https://thefintechtimes.com/fnality-the-new-bank-of-england-omnibus-account-and-its-implications-on-payments/
https://youtu.be/2H9u2I0bSVs?si=co1L-qPWSvIKc1o4&t=19870
https://www.bis.org/speeches/sp240209.pdf
https://www.jpmorgan.com/onyx/documents/deposit-tokens.pdf
https://libertystreeteconomics.newyorkfed.org/2022/02/the-future-of-payments-is-not-stablecoins/
https://libertystreeteconomics.newyorkfed.org/2022/02/the-future-of-payments-is-not-stablecoins/
https://www.swissbanking.ch/_Resources/Persistent/9/4/1/1/941178de59b98030206fc15ac8c99012f65df30b/SBA_The_Deposit_Token_EN_2023.pdf
https://www.swissbanking.ch/_Resources/Persistent/9/4/1/1/941178de59b98030206fc15ac8c99012f65df30b/SBA_The_Deposit_Token_EN_2023.pdf
https://www.swissbanking.ch/_Resources/Persistent/9/4/1/1/941178de59b98030206fc15ac8c99012f65df30b/SBA_The_Deposit_Token_EN_2023.pdf
https://www.linkedin.com/pulse/digital-currencies-m0-m1-weikai-phang
https://www.linkedin.com/pulse/digital-currencies-m0-m1-weikai-phang
https://www.bis.org/publ/bisbull73.pdf

	Social Implications of the Metaverse
	Executive summary
	Introduction
	OLE_LINK86
	OLE_LINK110
	OLE_LINK91
	OLE_LINK55
	OLE_LINK100
	OLE_LINK101
	OLE_LINK95
	OLE_LINK133
	OLE_LINK103
	OLE_LINK102
	OLE_LINK119
	Contents

	Next Page 1: 
	Page 2: 
	Page 3: 
	Page 4: 
	Page 5: 
	Page 6: 
	Page 7: 
	Page 8: 
	Page 9: 
	Page 10: 
	Page 11: 
	Page 12: 
	Page 13: 
	Page 14: 
	Page 15: 
	Page 16: 
	Page 17: 
	Page 18: 
	Page 19: 
	Page 20: 
	Page 21: 
	Page 22: 
	Page 23: 
	Page 24: 
	Page 25: 
	Page 26: 
	Page 27: 
	Page 28: 
	Page 29: 
	Page 30: 
	Page 31: 
	Page 32: 
	Page 33: 
	Page 34: 
	Page 35: 
	Page 36: 
	Page 37: 
	Page 38: 
	Page 39: 
	Page 40: 
	Page 41: 
	Page 42: 
	Page 43: 
	Page 44: 
	Page 45: 
	Page 46: 
	Page 47: 
	Page 48: 
	Page 49: 
	Page 50: 
	Page 51: 
	Page 52: 
	Page 53: 
	Page 54: 
	Page 55: 
	Page 56: 
	Page 57: 
	Page 58: 
	Page 59: 
	Page 60: 
	Page 61: 
	Page 62: 
	Page 63: 
	Page 64: 
	Page 65: 
	Page 66: 
	Page 67: 
	Page 68: 
	Page 69: 
	Page 70: 
	Page 71: 
	Page 72: 
	Page 73: 
	Page 74: 
	Page 75: 
	Page 76: 
	Page 77: 
	Page 78: 
	Page 79: 
	Page 80: 
	Page 81: 
	Page 82: 
	Page 83: 

	Previous Page 1: 
	Page 2: 
	Page 3: 
	Page 4: 
	Page 5: 
	Page 6: 
	Page 7: 
	Page 8: 
	Page 9: 
	Page 10: 
	Page 11: 
	Page 12: 
	Page 13: 
	Page 14: 
	Page 15: 
	Page 16: 
	Page 17: 
	Page 18: 
	Page 19: 
	Page 20: 
	Page 21: 
	Page 22: 
	Page 23: 
	Page 24: 
	Page 25: 
	Page 26: 
	Page 27: 
	Page 28: 
	Page 29: 
	Page 30: 
	Page 31: 
	Page 32: 
	Page 33: 
	Page 34: 
	Page 35: 
	Page 36: 
	Page 37: 
	Page 38: 
	Page 39: 
	Page 40: 
	Page 41: 
	Page 42: 
	Page 43: 
	Page 44: 
	Page 45: 
	Page 46: 
	Page 47: 
	Page 48: 
	Page 49: 
	Page 50: 
	Page 51: 
	Page 52: 
	Page 53: 
	Page 54: 
	Page 55: 
	Page 56: 
	Page 57: 
	Page 58: 
	Page 59: 
	Page 60: 
	Page 61: 
	Page 62: 
	Page 63: 
	Page 64: 
	Page 65: 
	Page 66: 
	Page 67: 
	Page 68: 
	Page 69: 
	Page 70: 
	Page 71: 
	Page 72: 
	Page 73: 
	Page 74: 
	Page 75: 
	Page 76: 
	Page 77: 
	Page 78: 
	Page 79: 
	Page 80: 
	Page 81: 
	Page 82: 
	Page 83: 

	Contents Page 5: 
	Contents Page 1: 
	Page 3: 
	Page 4: 
	Page 5: 
	Page 6: 
	Page 7: 
	Page 8: 
	Page 9: 
	Page 10: 
	Page 11: 
	Page 12: 
	Page 13: 
	Page 14: 
	Page 15: 
	Page 16: 
	Page 17: 
	Page 18: 
	Page 19: 
	Page 20: 
	Page 21: 
	Page 22: 
	Page 23: 
	Page 24: 
	Page 25: 
	Page 26: 
	Page 27: 
	Page 28: 
	Page 29: 
	Page 30: 
	Page 31: 
	Page 32: 
	Page 33: 
	Page 34: 
	Page 35: 
	Page 36: 
	Page 37: 
	Page 38: 
	Page 39: 
	Page 40: 
	Page 41: 
	Page 42: 
	Page 43: 
	Page 44: 
	Page 45: 
	Page 46: 
	Page 47: 
	Page 48: 
	Page 49: 
	Page 50: 
	Page 51: 
	Page 52: 
	Page 53: 
	Page 54: 
	Page 55: 
	Page 56: 
	Page 57: 
	Page 58: 
	Page 59: 
	Page 60: 
	Page 61: 
	Page 62: 
	Page 63: 
	Page 64: 
	Page 65: 
	Page 66: 
	Page 67: 
	Page 68: 
	Page 69: 
	Page 70: 
	Page 71: 
	Page 72: 
	Page 73: 
	Page 74: 
	Page 75: 
	Page 76: 
	Page 77: 
	Page 78: 
	Page 79: 
	Page 80: 
	Page 81: 
	Page 82: 
	Page 83: 

	This report will_ON: 
	Will not_OFF: 
	Will_Text: 
	Will not_text 2: 
	This report will_OFF 2: 
	Will not_ON 2: 
	hyperlink_1: 
	hyperlink_2: 
	Figure_5: 
	Figure_6: 
	Figure_4_Tab_ON 1: 
	Figure_3_Tab_OFF 1: 
	Figure_3_Tab_ON 1: 
	Figure_4_Tab_OFF 1: 
	Fig_22: 
	Fig_22_ON: 
	Fig_21_OFF: 
	Fig_21: 
	Fig_21_ON: 
	Fig_22_OFF: 


