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tokenising transformation

tokenised services

Universal services examples definitions
Examples

Settlement methods Owner

Domain-dependent services examples Custodial

Escrow methods Unigue asset ide It

Collateral methods System of origin

Regulatory methods Issuance value

Traditional system Programmable platform

Source: https://www.bis.org/publ/bisbull72.pdf
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ECBI&. M= bLHERYR—ICBAU, 2024 4E(CITHo-RRFEREIEE X . FEED
5Pontes. Appia® 2207’ 031 MNetaE),

Eurosystem programme on tokenised wholesale
Central Bank Money

2026

First milestones

2025
Programme launch

2024
Exploratory work

v Pontes Initial Launch
v" Projects “Pontes” and “Appia” launched

v Largest initiative of its kind v Publication of Appia roadmap
v Nearly €1.6 billion settled

v' 64 market participants

Source: https://www.ecb.europa.eu/press/intro/events/html/pdf/260227 -focus-session-eurosystems-work-on-wholesale-cebm-welcome-address.pdf
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Dual-track?”2'0—7F : Pontes & Appia

Pontes : M= {LhiRVR—Z5ERIICIR TS L2BMELETOSTIIH

Appia : IS AT A2 TODLTHERICR AT -AREBNEUERE
=N PARsA S

Turning findings of the exploratory work into
a dual-track strategy

. DLT represents an opportunity
y. EXpIE ratdory wor‘;( cogf' S ‘ G« to redesign processes and
market demand and interest for . : :
III DLT, with an active ecosystem /0 practices, including the
S L HLeEE the entire value chain

distribution of roles, across
() S ELUEGIIED O R 6 ‘\ ) Q A move to DLT has the potential
CeBM is viewed as major /’

ﬁ:‘...e : - to address shortcomings in
'6 |mped|ment to the gl’OWth % today’s ecosystem

of the DLT ecosystem ‘\
Market participants expressed L L
ﬂv@ a preference for having a .) The active investigation and

'@' single Eurosystem offering adoption of DLT'is
within a short time frame accelerating worldwide

Source: https://www.ecb.europa.eu/paym/groups/shared/docs/3f147-joint-ami-pay-seco-2025-12-02-1.-update-on-pontes-and-appia-for-joint-
ami-meeting.pdf
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Dual-track?”2'0—7F : Pontes & Appia

B Pontesld2026FH(C/)\1Ov M O—->FEN, 2027~28£EIChH I TlREDI T
ST MIFHESFIE-

High-level timeline for Pontes and Appia

Appia

Roadmap Blueprint

——

a1 2026 Q3 2026 - Pontes launch
2027

Updates (e.g. on standardisation, »»)
Appla collateral policies)
Appia analytical and practical work

Pontes launch
preparation

H2 2028

2029 and later

Following up
on the blueprint
—timeline to be
determined

Enhancements
informed by Appia
results

Additional trials and
experiments

Source: https://www.ecb.europa.eu/press/payments-news/ecb.pubconpm202603.en.html
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Pontes : 7—%7JFv
§ Pontes®)\1OYMATAIL, BEDERERTEBERUIFMNERHETNSAT.,

MarketDLT¢BIfZFRTGSL 23S | EfGIKAEZ R,

® RTGSEDA>A—-TJ1—A (Trigger Backend) (ERAYHIER, FERYR—HD3
Eurosystem DLT(3T5> AR, MarketDLTED1>AH—J1—A (API gateway) (&

{5 7HERNBEDEER CRRUINESR.
Pontes Initial Launch — Architecture overview

tEF‘gﬁt " T2 \rEurmptun oLt (" N
Ve Y itartace )
qn Cantral
Network Bank Secure
Service ) - Extended connection = Eligibla Market
- Interoperability over internet / DLT(s)

Providers
‘ ‘ [N5Fs) = Interface (EN)
Tri :
H = - Hommed—dn —
Markel Techrical Taken
Lerirm Issuance
Oparater = Eligible Market
ek O DLT Operator(s)

Parliciparis’ In
RTGSOCAs  Meoounl  Account
(RTGS (RTGS
DCA) DCA) &
a
\ AN o N >y [l = Market participants

\_ e

Source: https://www.ecb.europa.eu/press/intro/events/html/pdf/260227-focus-session-eurosystems-work-on-wholesale-cebm-insights-on-

technical-functional-and-operational-aspects.pdf
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Pontes : E&REFA N

BOPIRVR—ZENT T

W\

Pontes Initial Launch — Model description

cﬁ Dual settlement model
The solution will support dual settlement model as defined below

Direct settlement in T2 RTGS

Settlement in tokenised form

o Funding of Dedicated Cash Wallet(s) Settlement in T2 RTGS
Dedicated Cash Accounts (DCAs)
Settlement with cash tokens on the triggered via the Eurosystem DLT

Eurosystem DLT
@ Defunding of Dedicated Cash Wallet(s)

Source: https://www.ecb.europa.eu/press/intro/events/html/pdf/260227-focus-session-eurosystems-work-on-wholesale-cebm-insights-on-
technical-functional-and-operational-aspects.pdf
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Pontes : Eurosystem DLT

Eurosystem DLTIZ. &HER-ECB./—RTHBREN3/N—-Zv3>3a> R OvS
;I_\/o

HEEIED ) — MBREPIRMTV. RESRIEEEARE,

Pontes Initial Launch — Model description

&% Eurosystem DLT

The Eurosystem DLT will manage the cash-leg of Distributed Ledger Technology
(DLT)-based transactions

d Permissioned DLT-based platform with Central Bank nodes

d (intra-day only) cash tokens on Eurosystem DLT
d Two types of wallet:

1) Dedicated Cash Wallets (DCWs)
- managed by the market participants

2) Token Issuance Wallet
- managed by the ECB (total amount of cash tokens)

4 Eurosystem DLT 0

Cash tokens

Source: https://www.ecb.europa.eu/press/intro/events/html/pdf/260227-focus-session-eurosystems-work-on-wholesale-cebm-insights-on-
technical-functional-and-operational-aspects.pdf
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Pontes : 227 E1—-AT75—-X

| REFATOETEI-RT—AE. M—=I (L EDDVP, BREIVER—EDPVP,
Dftik—ILE—ILiRF

Pontes Initial Launch — Use cases

N <
AN NN —

Delivery-versus- Payment-versus- Wholesale
Payment (DvP) Payment (PvP) payments

* Primary market * Euro Central Bank « Euro denominated single
transactions money versus payments

« Secondary market commercial bank money
transactions. .. = Euro Central Bank

money versus electronic
money (e-money) tokens

Source: https://www.ecb.europa.eu/press/intro/events/html/pdf/260227-focus-session-eurosystems-work-on-wholesale-cebm-insights-on-
technical-functional-and-operational-aspects.pdf
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Appia : EFRN—-33>

b F=Uo{n{ERRZ. TASATLALELELTEIICERESTESNNIE, £RtHISICHNT
ZENREEIZIBS50IEETE,

o DLTABEHICAHWSE, ERIBEDIAIHAIIL (&, No—FT 1270 REF. AN 1. Fl
INVE) (CRATAEBN AL TEEOJEEM.

Tokenisation can deliver efficiency and innovation

ﬁ}: DLT-networks can host the entire life-cycle of an asset on a single network and serve as shared utility

Bary aichai i » — & -
Trade execution 0 po - ol

|
e —
Inrﬂaljlm F - N J Frereye— B rA i —" B B hrﬁmﬂ
i .

mA CS5Dix Custodian B

Source: https://www.ecb.europa.eu/press/intro/events/shared/pdf/2026-03-12 Overview.pdf
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Appia : EFRN—-33>

b 1-RT5—AZLICDLTRYMI—IDB /0L D E. DLTHA IS AT ARIKICH

IE59#RDRESN S

Siloed networks with limited interoperability lead to
fragmentation

A few examples of
ECB trials (out of
50+ cases tested)

Metwork of bank B

No portability and usability
of assets beyond network
of issuance

lssuer’yY

y
|

Source: https://www.ecb.europa.eu/press/intro/events/shared/pdf/2026-03-12 Insights.pdf
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Appia : EFRN—-33>

Y1 O{EZP5<Te8h. BIRERFRD DAY NI —J Difi—. 7y I —JEDIRE{EH
HiERTEOR L. BRNGPRIRARL —>3> DRITAIEEHFZHE - 3%,

To achieve vision of integrated ecosystem...

Trade execution __ ._ e.g. single or multiple network
Market landscape? What type of
coBM ) developments private settlement assets?
Clearing
Settloment / Private Technology & e.g. how to interconnect
| setlement Standards different networks?
(deposits,
Asset servicing __stablecoins)
Collateral Central bank e.g. how to ensure control
i Securities operations & over assets and services on
Domestic and ) DLT?
cross-border d services ]
payments

...need to explore features and scenarios

Source: https://www.ecb.europa.eu/press/intro/events/shared/pdf/2026-03-12_Insights.pdf
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Synchronisation72'0—F

BOEI(d, PERVAR—IZBEFDORTGS LD FE. Synchronisation Operator
(SO)H, RTGSEFT AN T Y NI DZDLTRHIDEENBOELRZ7IO0—F,

Figure 1: The synchronisation model — a simplified view

1. Request 5. Confirm 4, Settle

l 5. Notify
I

3.Earmark
3. Earmark

4. Release

5. Nofify
4. Release and seftle : -:IE.-f:lfe
5. Notify . Notify

2. Validate and prepare ——p RTGS account holder B
&. Confirm

Source: https://www.bankofengland.co.uk/payment-and-settlement/rtgs-future-roadmap/what-is-synchro 1 5
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Synchronisation Lab
SO EREIHHESIRTFET . Synchronisation Lab%iz5 LI, LabOSh{t¥%
EIEL. BUTREIZ1To TS,
LabT(&. SODEARMEEENERINTHD, SHEEEFEI-AT—ATHEIEN#KEEZE
FURBNSTONA TS AT LAZHEEEL . REZBFICNF MR 21 TR,

Primary area of focus for each synchronisation operator

Primary area of focus Synchronisation operator participating in the Lab

Figure 1: Design of the Synchronisation Lab

Delivery vs Payment and Payment vs Payment - multi-purpose  Transpact Synchronisation Lab infrastructure
House purchase 'F-’MS Settlement engine: essential functions required to manage the simulated RTGS ledger
Create earmark Release earmark and settle Cancel earmark
Baton Systems
Delivery vs Payment - tokenised securities Ctrl Alt
Monee
User interface: provides a API layer: provides a suite of API for a synchronisation operator to
ClearToken synchronisation operator visibility of manage synchronisation in the simulated RTGS ledger
Collateral Optimisation: Secured Financing Partior settlement and other information
Request Request
m earmark earmark
= p o Fg a OSTTRA release cancellation
Collateral Optimisation: Conditional Margin Payments
Tokenovate
Payment vs Payment - cross-border spot FX Swift
Multi-money Issuance and redemption Atumly
Nuvante
Liquidity optimisation for non-financial corporates Quant
LSEG
Multi-| chestration platf
ulti-purpose orchestration platform GBTD
Chainlink
Decentralised solution provider UAC Labs

Source: https://www.bankofengland.co.uk/payment-and-settlement/rtgs-future-roadmap/synchro-lab 16
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(23%£) Meridian Securities

BOE(J:2023~25£E(273‘W'\ BISIHO> R ERRFIT, SODHLHftRGEZMeridian
O 19 V- U THEEE .

W'Ji(:fMeridian SecuritiesTlE. DVPRFICHIZBEPLRNEBE#LTBET. SRBFIRID
HIRE TR ENEEIEZNZRA DR BE 2R IZ

Figure 7: Auto-repo for DvP — overview

Transaction steps — auto-repo for DvP (Figure 7)

Step 1 — Azset DvP initiated on TSP: a buyer and seller submif instructions for a DvP
transaction info TSP

Step 2 — Reservations: the asset platform rezerves the asszet, and requests the RTGS to place
a reservation.

Step 3 — Reservation failure: the assef buyer has insufficient funds for the transaction.

Step 4 — Repo initiation: the RTGS requests the TSP o place an ‘aufo-repo’ to source
ligquidity.

Step 5 — Reservation (repo): the TSP earmarksireserves the azset and RTGS reserves funds.
Step 6 — Settlement (repo): the TSP seiiles the aszet and RTGS settles funds.
Step T — Reservation: with the new funds, the RTGS places a reservation.

Step & — Settlement: the asset platform setiles the asset and RTGS =settles funds.

17

Source: https://www.bankofengland.co.uk/payment-and-settlement/rtgs-future-roadmap/project-meridian-securities
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DLT Innovation Challenge : 1=

RERNR—D b—I 21L& NEBDLTDEAZREEL . AE - iR 23Xl

20254 (C, BISIHOY R E25—-EHET. EFEEENSSIEZSED. RIRYR—Z5E
DLT EICh—=22MEUR—IE—-ILRFEICFIR T SES DOFLiiTRE 7w I 5% L TDLT

Innovation Challenge%zEht.,

DLTOEAMTERE (EHSNDEDD, FRHNA>T5ELTDLTZE AT B(CHIOTE THAE
IRIEHFDERZ BRI — FATNMFIE T D2 MERR. Bl SHSTER Rz ik I 55 M.

We are focusing the challenge on the following high-level problem statement:

‘Can wholesale central bank money be transacted and settled on an external
programmable ledger which the Bank of England does not control, and where
trust is not inherent’

Learning outcomes from the submissions could broaden our understanding of the state of DLT in supporting:

« settlement finality and security: ensuring secure, irreversible settlement of central bank money through
tamper-proof transactions, controlled issuance, and protection against theft or unauthorised access.

« scalability: demonstrating how DLT handles high transaction volumes with low latency, supports efficient
consensus, and scales both technically and economically with payments and liquidity efficiency.

« network and asset control: exploring how DLT governs digital assets, enforces programmable access
and compliance, and balances decentralisation with regulatory requirements and reconciliation.

« interoperability: how DLT facilitates seamless communication between diverse financial systems,
protocol compatibility and cross-network functionality.

Participating firms
Ava Labs

Chainlink and Aave Labs

Circle

Digital Asset and KPMG

Hedera

HSBC

Kaleido

Rayls

The Scottish Centre of Excellence in Digital Trust and DLT, along with partners Siccar, Nethermind, and
TrackGenesis

Source: https://www.bankofengland.co.uk/research/fintech/dlt-innovation-challenge

18
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DLT Innovation Challenge : 771 FUF<B&E

I7AFIT1EB/RIATETEYI1I-32¢U T NUFT—5—-DFIRPL A1 —25%
iR ERESNED ., LIVIVARBREN —RATHFE.

Figure 1 — Reducing Validator sets

Access requirements for validating on Sampling consensus mechanisms Independent transaction verification
the network and confirmation

- B
” 5
. . ‘ . J@
. s - - '
. \ = '.'._.":- .. -. ll“‘ ) ..c‘: = L‘ I i

T et
e 4 3
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-
Ny = o ¥

Key

.—. Transaction between two parties Transaction confirmed by validator or notary

@ Validator < v Transaction confirmed by sample of validators

- =

o Maotary Transaction verfied bilateraly
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DLT Innovation Challenge : tHE&ER4EFE

DLTRIVEIFES AT AL DR EERERTE. SIRLAI - APIPAYE—-I D J4%
HRBERLZBR7IO—-FHEIEERD, 7 NSV PEERIER ET N — RATHELE,

Figure 3 — DLT to DLT interoperability methods

Native interoperability Cross Chain messaging Bridges

00 _00 L K 0 O.Q.
® kd
L ... ..Q“\";.. o0 [ X J

credvoida™ Eigure 4 — DLT to non-DLT interoperability methods

Oracle Middleware

20

Source: https://www.bankofengland.co.uk/research/fintech/dIt-innovation-challenge-2025
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DLT Innovation Challenge : R—-U>J72'0—F

ATF=UYJ&8H&5ET5L DEERLEFIVT1D M —RATP, ERAEDEH
NI REDFE.

Figure 6 — Scaling approaches for DLTs

On-chain scaling Off-chain scaling Hybrid approach

Off-chain scaling Off-chain scaling
Y

1
1
~~
® o ®

Scalability e n i Scalability

On-chain scaling method | :1 Starfing point on the frlemma

Off-chain scaling method . End point an the trilemma

research/fintech/dlt-innovation-challenge-2025
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JANZHZRIE - HNF DX -URTED ST AT AEDLEEZ1TV) DLT/EROEZIRE

FREIE
Project Samara
Research Paper

Bank of Canada TD

Rakesh Arora, Umar Faruqui, Mark Byrne, Caroline Cook,

Scott Hendry, Dinesh Shah Kevin Fraites and Wally Forsyth
and André Usche

EDC
RBC Chadrick Buffel, Anne Boulanger,
Alex Caridia, Chris Meston, Sylvie Lacombe and Marsha Loraas
Teresa Venturino and Devon Read

Source: https://www.bankofcanada.ca/2026/03/staff-analytical-paper-2026-8/
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Figure 10: Samara Node Solution Stack
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Figure 7: W-CAD Minting Process for Samara Participants 26
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Wholesale cross-border payments today and in Project Agora

Benefits of the Project Agora platform

How it’s done today How it's done in the Project Agora prototype

sémenen

i = Information

Cross-border payments are burdened by structural inefficiencies that make
transactions slow, costly and opaque, Sequential processing across multiple
intermediaries delays payments, increases costs, limits end-to-end wisibility
and traps liquidity, complicating cash and treasury management, Differences
in operating hours and systems cause further delays and increase settlement risk

Figure 1

b b O Lk

-
shared information

atomic settlement

Key benefits of the Project Agora prototype

@ Confirmation of payee reduces © Compliance with 150 20022 facilitates
data-related emors and delays integration

@ Parallel implementation of @ Atomic settlement eliminates credit
AML/CFT/sanctions/anti-fraud risk and reduces settlement risk
controls minimises late-stage failure @ Enables around-the-clock operations,

@ Payment status visible to all parties mitigating delays arising from
to a transaction misaligned operating hours

Unlike the current sequential approach to cross-border payments, the Project Agora prototype brings forward the alignment of
payment-related information to enable atomic settlement.

Source: Project Agora.
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The Project Agora layered architecture Figure 5
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Jurisdictional layer

O Commercial bank node ‘ Central bank node JL Jurisdictional ledger © Tokenised reserves 4.7 Tokenised deposits
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Five-stage end-to-end payment life cycle Figure 6

Data exchange E

Atomic settlement (3D

Cnnfirma‘llnn Path discovery Validation Locking Settlement
of payee (CoP)
Determine Perform cﬂ.rnpfmnce Lock Execute the
Check that payee exists payment path checks, add missing amounts atomic settlement
information, gather
final ﬂppmmi

Source: Project Agora.
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Atomic settlement in the layered ledger Figure 16
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Pente privacy group using Noto tokens Figure 11

@Debtor agent @Blntemedlaw agent @Creditor agent

Endorse outcome (signature) @ Endorse outcome (signature) @ Endorse outcome (signature) @

Propose workflow step
{to privacy group)
Pente privacy group (smart contract) V

Private workflow Invoke Noto Collect endorsements (signature bundle) @
> E logic + shared > ‘ loken 099'3"0“
group stane Submit to ledger (commitment and signatures)
¥ 4

Verify group memberships and valid signatures
{no sensitive payload)

Unifying /jurisdictional ledger
Deployed reference (as applicable, public) 7

privacy group contract
(membership + rules) Record commitment (minimal on-ledger anchor)
Deterministic progression for replay protection

Other participants/validators see anchors only

Source: https://www.bis.org/publ/othp110.pdf
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The Project Agora suite Figure 9

Distributed ledger technology
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