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This document presents the SAF Registry
Global Interoperability Framework and
Principles, developed by IATA in collaboration
with CADO, 4AIR, and 123Carbon.

The Framework provides the governance,
principles and operational mechanisms for
interoperability among SAF registries.

The objective is to prevent the double
issuance of SAF environmental attributes and
provide guidance for additional registries to
participate in this interoperability initiative.
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About

This document was written by the International Air Transport Association (IATA) in collaboration with the Civil
Aviation Decarbonization Organization (CADO), 4AIR, and 123Carbon.

IATA

IATA is the trade association for the world's airlines, representing some 370 airlines or 85% of total air traffic.
IATA’s mission is to represent, lead, and serve the airline industry. IATA supports many areas of aviation activity
and helps formulate industry policy on critical aviation issues.

CADO

The Civil Aviation Decarbonization Organization (CADQO) was created in March 2025 to maintain and operate the
IATA-developed SAF Registry. It is a not-for-profit organization established under Canadian law with its
headquarters in Montreal. CADQ'’s mission is to unite stakeholders across the SAF value chain and provide
essential SAF market infrastructure - such as the CADO SAF Registry - with a view to creating a global, liquid,
transparent, and open SAF market in which all SAF value chain stakeholders can participate. This is necessary
to scale up SAF supply and achieve net-zero CO2 emissions from air transport by 2050. For more information
about the CADO SAF Registry, you can visit SAF Registry | CADO.

Assure SAF Registry

Developed by aviation sustainability pioneer, 4AIR, the Assure SAF Registry is a cutting-edge blockchain-based
platform designed to accelerate the adoption of sustainable fuels like SAF. By providing transparency,
traceability, and comprehensive data collection, analysis, and secure sharing, it supports informed decision-
making and regulatory compliance. It serves as a robust inventory management tool and registry to support
physical or book-and-claim transactions. The registry fosters collaboration between fuel producers,
distributors, airlines, and operators, ensuring that sustainable aviation solutions meet both industry goals and
regulatory requirements. Learn more at assuresafregistry.com.

123Carbon

Developed collaboratively with the industry, for the industry, 123Carbon'’s platform is an independent
integrated registry for the verification, issuance, management and allocation of Environmental Attribute
Certificates (EAC's) to downstream supply chain partners (forwarders, cargo owners, and corporates) across all
modalities. For the SAF market, they provide a fully airline-branded solution and partner with Skymetrix (the
leader in aviation fuel and cost management solutions, supporting 135+ airlines) to offer an integrated fuel
solution for both kerosene and SAF. For more information, visit www.123carbon.com or contact us
atinfo@123carbon.com.
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Executive summary

Sustainable Aviation Fuel (SAF) is a key lever for aviation decarbonization, expected to account for up to 65% of
emissions reductions in 2050." However, its supply remains limited and geographically constrained. To address
this challenge, the market relies on a book-and-claim approach that separates the physical delivery of SAF
from its associated environmental attributes, enabling broader use by SAF stakeholders. The credibility of the
book-and-claim approach depends on adherence to key SAF accounting principles,? including the prevention
of double issuance, double counting, and double claiming. As markets expand and multiple SAF registries
facilitating book-and-claim operate in parallel, ensuring that environmental attributes are issued and claimed
only once across systems has become a critical challenge.

This paper presents the Global Interoperability Framework and Principles (“Framework”) developed by the
International Air Transport Association (IATA) in collaboration with the Civil Aviation Decarbonization
Organization (CADO), 4AIR, and 123Carbon and implemented by CADO SAF Registry, Assure SAF Registry, and
123Carbon. It provides a practical approach for enabling interoperability between registries while preserving
their autonomy and existing operations.

The Framework focuses on addressing one of the most immediate market risks: double issuance of SAF
environmental attributes across registries. By establishing clear mechanisms for cross-registry checks, it
ensures that potential overlaps are identified and resolved before attributes are activated in multiple registries.

The organizations and registries that have authored this paper adopted and recommend a decentralized,
consortium-based interoperability model. This approach was tested and selected as the most cost-effective,
practical, and easy-to-implement solution that allows fast, consensus-based participation by registry
providers.

At the operational level, the Framework defines how data is processed, exchanged, and validated across
systems through secure, APl-based integrations. It defines procedures for identifying and flagging potential
duplicates, resolving cases through agreed workflows, and monitoring interoperability performance through
shared KPIs. The Framework is underpinned by a set of core collaboration principles, including data integrity,
transparency, compatibility, scalability, and mutual accountability. Together, these principles support trusted
cooperation among participating registries.

The governance structure complements the operational model, establishing clear rules for decision-making,
onboarding of new member registries, dispute resolution, and enforcement. This helps ensure interoperability
is managed consistently, transparently, and predictably.

Participation in the Framework offers clear benefits for registries, including enhanced credibility of SAF
records, reduced risk of double issuance, and alignment with emerging market expectations and regulatory
developments. Early engagement also enables participants to contribute to shaping future standards and
practices.

The Framework is designed to be open and inclusive, and additional registries and relevant platforms are
encouraged to join, subject to meeting defined requirements. As the initiative grows, the Framework will
continue to evolve, expanding its scope beyond issuance and further strengthening the integrity and scalability
of the global SAF market. While primarily intended for SAF registries and other SAF attribute tracking systems,

T|ATA - Net Zero Roadmaps
2 SAF accounting based on robust chain-of-custody approaches

4 SAF Registry Global Interoperability - Framework and Principles


https://www.iata.org/en/programs/sustainability/flynetzero/roadmaps/
https://www.iata.org/contentassets/d13875e9ed784f75bac90f000760e998/saf-accounting-policy-paper_20230905_final.pdf

Y
ey

a7

IATA

the document is also relevant to stakeholders across the SAF value chain seeking to understand how
interoperability supports the integrity of book-and-claim markets.

1. Context and rationale
1.17. What is sustainable aviation fuel?

Sustainable Aviation Fuel (SAF) represents an alternative to conventional aviation fuel (CAF). It can be made
from many different sustainably sourced materials, such as used cooking oil, biomass waste and residues, and
renewable energy and carbon. SAF can significantly reduce lifecycle carbon emissions, typically by around
80% compared to CAF. Itis safe, certified, and already in use on commercial flights today. As a drop-in fuel, it
can be blended with conventional aviation fuel and readily used without requiring any modifications to aircraft
or airport infrastructure.®

The International Air Transport Association (IATA) estimates that SAF could contribute up to 65% of the
reduction in emissions needed by aviation to reach net-zero CO2 emissions by 2050. However, as of today, the
SAF supply is limited in quantity and only to few geographical locations. According to IATA's estimates, SAF
currently accounts for less than 1% of global aviation fuel use. In addition, it is several times more expensive
than conventional fuel because of more expensive feedstocks, still-developing production technologies, a lack
of physical and market infrastructure, and high upfront investment needs.*

1.2. SAF book-and-claim

The SAF book-and-claim is a chain of custody® approach that enables organizations to claim the use of SAF
without requiring the fuel to be physically delivered to their operations. Instead of linking SAF environmental
benefits to specific physical fuel use, the approach separates the physical flow of fuel from the environmental
claim. In practice, SAF may be produced and used at one location, and the environmental attributes associated
with that SAF batch can be purchased by an airline in another location. The latter can then claim the associated
emissions reduction.

Splitting environmental attributes from the physical SAF is a key market-creation instrument that allows the
scaling of the market to proceed in advance of the emergence of mature supply chains. Tying SAF to every
airport is today not only impossible but also inefficient and costly. It would condemn the market to remaining
local while being unable to address local demand and supply imbalances. The book-and-claim approach allows
SAF supply and demand to connect globally. Consequently, it supports SAF production and enables broader
participation of the SAF value chain members in decarbonization efforts.

However, this flexibility introduced by book-and-claim leads to an important requirement - the environmental
benefits associated with a specific SAF batch must be transparently and accurately tracked to ensure they are
counted and claimed only once.

1.3. Role of SAF registries

SAF registries can provide such a transparent tracking mechanism. They offer the infrastructure to issue,
record, transfer, and retire decoupled SAF environmental attributes in a consistent and auditable manner.

3 ]ATA - Sustainable Aviation Fuel (SAF)

4]ATA Fact Sheet

5 Chain of Custody - The documented process of tracking the flow of feedstocks, fuels, and associated sustainability attributes throughout the supply chain.
See Glossary for more information.
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Registries facilitate trust among market participants, including fuel producers, suppliers, aircraft operators,
intermediaries, corporate customers, as well as verification and regulatory bodies, while supporting alignment
with relevant sustainability criteria and reporting frameworks.

Several SAF registries and other SAF tracking systems have emerged in the market over the last few years,
including the CADO SAF Registry, 123Carbon, Assure SAF Registry, Avelia, RSB, ISCC, SAFc, and regulatory
traceability systems such as the EU Union Database (UDB). They have been developed to address the diverse
needs of stakeholders across the SAF value chain, reflecting differences in regulatory contexts, user groups,
and specific use-cases such as voluntary corporate engagement, compliance, or multimodal transport
applications. Their complementary roles contribute to the overall development and scaling of the SAF market.

1.4, The growing need for interoperability

In a fragmented registry market, the sustainability documentation linked to a SAF batch could be registered in
multiple SAF registries, resulting in the same environmental attribute being reflected across different systems.
If not identified and addressed, multiple parties could claim the same emissions reduction from the use of SAF.
Such outcomes would undermine trust in the book-and-claim approach, weaken the credibility of SAF claims,
and reduce confidence in the broader SAF market. Indeed, IATA's paper 'SAF accounting based on robust
chain-of-custody approaches’ éidentifies the prevention of double usage, double counting, and double
claiming among the core safeguards governing SAF environmental attributes.

Interoperability between SAF registries is a critical mechanism for addressing these risks. By establishing
structured and, where possible, automated processes for data exchange, validation, and reconciliation,
interoperability enables registries to identify potential overlaps and maintain the uniqueness, traceability, and
integrity of SAF environmental attributes across systems.

1.5. Interoperability collaboration among registries

Interoperability among SAF registries must be implemented through a formal and structured collaboration in
which participating registries exchange and validate SAF attribute information in a coordinated manner.

The Framework referenced in this paper provides the governance structure, operational, and technical
foundation for such collaboration. It was developed by the International Air Transport Association (IATA) in
collaboration with the Civil Aviation Decarbonization Organization (CADO), 4AIR, and 123Carbon.

At the time of publication, the Framework was implemented through an interoperability collaboration involving
the CADO SAF Registry, the Assure SAF Registry, and 123Carbon. No other operationalized SAF registry
interoperability framework is known to date, although efforts to introduce similar initiatives are ongoing
elsewhere in the market.”

1.6. Scope of the Global Interoperability Framework & Principles

The Framework is not meant to disregard registries’ existing rules, independence, confidentiality, or
standardize their internal operations. It doesn’t aim to introduce new SAF accounting and reporting
methodologies, sustainability schemes, or store registries’ data beyond what is necessary for the

8 SAF accounting based on robust chain-of-custody approaches
7 Book and Claim Community webinar — 23 June 2026
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interoperability exchange. Each registry participating in the Framework remains fully responsible for its own
governance, certification alignment, and commercial activities.

Instead, the Framework in its current scope focuses on preventing the duplication of SAF environmental
attributes across systems. It connects the registries via APIs, enabling cross-checks of pre-agreed
interoperability identifiers and flagging any matches. In addition, it supports the tracking and monitoring of
interoperability checks conducted between participating registries.

1.7. Why registries should participate

Participation in the Framework brings clear benefits for all participating registries. By collaborating with other
systems, registries can strengthen the credibility of their records and reduce exposure to reputational and
operational risks associated with duplicate claims. Interoperability also supports market confidence by
demonstrating a shared commitment to the transparency and integrity of SAF attribute management, which is
increasingly important to stakeholders, regulators, and users.

In addition, early participation allows registries to shape the evolution of interoperability principles and
mechanisms introduced by the Framework and ensures readiness for future developments, including potential
regulatory integration and expanded functionalities.

2. Phased-based approach of the interoperability
collaboration

The interoperability collaboration among CADO SAF Registry, Assure SAF Registry, and 123Carbon, which is
the operational implementation of the Framework, is based on a two-phased approach:

Phase 1 aims at preventing the double issuance of SAF environmental attributes across participating registries,
which is the most immediate market risk. It establishes the key building blocks of interoperability, including:

A validation model enabling cross-registry data exchange

Flagging and resolution of potential duplicates through structured workflows

A governance structure to support collaboration among registries

Basic monitoring, including the number of detections of potential double-issuances and resolution timelines

This phase commenced with a pilot involving the CADO SAF Registry, the Assure SAF Registry and 123Carbon,
which ran between February 2026 to June 2026.8 This pilot focused on aligning data requirements,
terminology, and technical interfaces across the three registries and enabling secure cross checks of the SAF
attributes data at the time of registration. Following the pilot's conclusion, Phase 1 focuses on stabilizing the
operationalization, refining the dataset for the interoperability exchange, governance mechanism, and technical
integration. It also aims to expand collaboration beyond the initial registry group, inviting additional registries
and systems to participate from mid-2026 onwards.

8 CADO SAF Registry, 123Carbon, and Assure SAF Registry Collaborate on Interoperability Pilot to Strengthen SAF Attribute Integrity Across Sectors | CADO
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Phase 2, which is part of the future development, will extend interoperability beyond issuance to cover
additional stages of the SAF attribute lifecycle. In particular, it will intend to:

e Addressrisks of double transfer and double retirement

o Create a more advanced database to track and monitor interoperability cross-checks, flags, and resolutions
e Introduce more advanced monitoring and interoperability KPIs

e Strengthen oversight through potential interoperability audits

e Designate a governing body that will oversee the dispute resolution

The timeline for Phase 2 has not yet been formally defined. At present, the priority remains the successful
completion of Phase 1. Before Phase 2 can be implemented, the Framework will have to be reviewed and
updated to reflect the expanded scope of interoperability.

3. Interoperability model
3.1. Interoperabllity challenges

While interoperability gives a clear path to strengthening the integrity and scalability of SAF book-and-claim
systems, its implementation poses several structural, technical, and organizational challenges:

o Data standardization and identification - At present, there is no universally adopted unique identifier for SAF
batches and their associated environmental attributes. As a result, registries must rely on combinations of
data fields to exchange and identify potential duplicates. This introduces complexity and increases the
likelihood of both false positives and undetected duplicates. It is therefore an important prerequisite to
define a consistent and sufficiently robust dataset for cross-registry validation for effective interoperability.
IATA is currently in the process of addressing the lack of standardization of SAF documentation by
proposing standardized templates for Proof of Sustainability (PoS) and Proof of Compliance (PoC) as well as
a mechanism for generating a unique PoS/PoC ID. This work will significantly support the interoperability
efforts among registries by simplifying the requirements on the amount of data collected to generate a
unique identifier for interoperability. The IATA’s standardization proposal underwent public consultation in
Q2 2026 and is currently being refined by a working group of experts across the SAF industry, led by IATA.

e Striking the right balance between robustness and practicality - The interoperability framework needs to be
implementable within existing registry infrastructures, aligned with real-world business processes, and
scalable as market participation grows. Overly complex solutions risk slowing adoption, while overly
simplified approaches may fail to adequately mitigate integrity risks.

- Competitive environment - Interoperability is further complicated by the fact that registries operate in a
competitive environment. While these considerations do not necessarily apply to all interoperability
collaborations, including the collaboration described in this paper, commonly cited challenges
include:The need to agree on a common set of data elements, exchange protocols, and interoperability
principles among entities with differing priorities.

— The existence of different registry rules, processes, and user requirements, which can make
harmonization difficult.
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— Reluctance from some actors to invest in interoperability features that may primarily benefit broader
market integrity rather than their own competitive positioning.

— Cost of implementation and data confidentiality questions.

In addition, there is an inherent governance challenge in identifying a neutral and trusted coordination
mechanism for the interoperability ecosystem. Registries must determine how interoperability activities are
guided, how decisions are made, and which entity or structure can support implementation without introducing
conflicts of interest or undermining the independence of participating registries.

This designed Framework and its principles have been developed with full recognition of these challenges and
seek to address them pragmatically, balancing robustness, feasibility, and operational realities. Recognizing
that both the SAF market and interoperability ecosystem will continue to evolve, the Framework should be
continuously refined over time, allowing participating registries to adapt and adjust to emerging market needs,
operational lessons, and future developments.

3.2. Interoperabllity options

Interoperability can be implemented using different architectural models based on different assumptions and
interoperability requirements. Two specific models were considered for the Framework and are outlined below.

3.2.1 A centralized model

In a centralized model, interoperability is achieved through a centralized database to which all participating
registries submit relevant interoperability data. Instead of directly interacting with each other, registries rely on
this central system to perform validation checks and ensure that SAF attributes are not duplicated across
systems. Chart 1 shows a simple diagram of the centralized approach.

Chart 1: Centralized interoperability approach among registries

Assure
123Carbon _ Centrélize o SAF
Database i Registry

Registry D Registry E
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Advantages include:
e Simplicity of architecture, with a single point for validation and reconciliation.

e Reduced need for bilateral integrations, limiting the number of technical interfaces required.

Disadvantages include:

e Governance complexity, particularly in identifying an entity that can operate the centralized database in a
neutral and trusted manner.

e Concerns related to control and oversight, including how decisions on data management and access to the
centralized database are made.

e Potential single point of failure, both technically and institutionally.

e Risk of dependence on a single entity that could exclude registries at will.

3.2.2 Consortium of registries (decentralized model)

In a consortium-based model, interoperability is achieved through direct interaction among independent
registries. Each registry exchanges relevant interoperability data with all other participating registries via
agreed-upon, standardized technical interfaces.

In this approach, validation is performed collectively, with registries communicating among one another to
identify potential overlaps, rather than relying on a single central system. Chart 2 shows a simple diagram of the
decentralized approach.

Chart 2: Consortium of registries interoperability approach among registries

RN Assure
123Carbon &% SAF

Registry

Registry D Registry E

Advantages include:
e Avoidance of a central authority, reducing concerns related to neutral governance and control.

e Alignment with a fragmented market structure, where multiple registries coexist.
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o Eachregistry absorbs its own development costs, which avoids the complexity of determining who will pay
for the development and operations of the centralized database.

e Dataremains under the control of individual registries, reducing the need to consolidate all information into
a single repository and thereby limiting the concentration of sensitive data in one location.

Disadvantages include:

e Scalability considerations, as the number of interoperability connections increases with the number of
participants.

e Technical complexity, including the need to maintain synchronization and ensure data consistency across
systems.

e Operational dependencies, as interoperability relies on the availability and responsiveness of multiple
independent systems.

3.2.3 Selected interoperability model

In selecting an interoperability model, the organizations that developed the Framework considered both the
technical and institutional feasibility of the available approaches. While a centralized model offers certain
advantages in terms of simplicity, its implementation would require the establishment of a centralized
governance and operating structure, including agreement on the entity responsible for managing and
overseeing the system. The organizations concluded that addressing the additional technical complexity
associated with a decentralized model was more practical, cost-effective, and faster to implement than
establishing and operating a centralized framework.

The choice of a consortium-based approach should therefore be understood as a practical and iterative step
rather than a definitive long-term solution. As the Framework evolves and operational experience is gained,
participating registries will continue to assess its effectiveness, scalability, and suitability for the SAF market's
evolving needs.

4, How the interoperability model works in practice

As described in the previous section, the Framework follows a decentralized, consortium-based approach. The
following section explains how this approach is implemented in practice.

4.1, Exchanged data

The interoperability exchange relies on an agreed-upon minimum dataset, defined on a “need-to-know" basis,
that includes SAF attribute identifiers, metadata, and sustainability certification references. This ensures that
only the data required for validation is exchanged, thereby reducing the risk of exposing sensitive or
commercial information such as pricing or contracts.

The exchanged data is structured into two main categories:

e Primary data (core identifiers) — Includes key identifiers from sustainability documentation. A match on one
or more primary fields triggers an interoperability flag and the investigation.

e Secondary data (supporting identifiers) — Includes additional identifiers from sustainability documentation.

Matches on secondary data alone do not trigger a flag, but are used to provide additional context for the
evaluation process when a match on primary data was identified.

11 SAF Registry Global Interoperability - Framework and Principles
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The data can be further divided into mandatory inputs that always have to be exchanged among all registries
and optional inputs that can be shared if available. This approach accommodates scenarios where certain
interoperability data is not included in the underlying sustainability documentation.

The full list of specific primary and secondary identifiers used in the current interoperability collaboration
between CADO SAF Registry, Assure SAF Registry and 123Carbon is listed below in Table 1.

Table 1: Data items for interoperability exchange among registries

Primary/ Optional/ i

Data Item Secondary Mandatory Description Example

Registry ID Primary Mandatory A unique ID, which is assigned 001 = Registry A
by the interoperability group.

PoSID Primary Mandatory Areference ID assigned by the P0S-123456-
issuing economic operator to 20260708
identify a PoS.

Producer PoS ID Primary Optional Areference ID assigned by the P0S-7891011-
SAF producer to identify a 20260613
PoS.

Producer Code Secondary Optional Producer/Supplier code FSC (=Fuel Supplier
assigned from the IATAFDSG®  Company)
database.

Production Country Secondary Optional ISO 3166 code fora NL
production country.

Production Date Secondary Optional Date of SAF production. 260613

4.2, Interoperablility check and flagging

The interoperability check is performed before activating SAF attributes in a registry. This check may be
conducted either by a human validator or automatically, depending on the registry's operational model.

The process begins when an authorized entity (“registrant”) uploads/registers certified SAF batch data and
documentation into a registry. The registry then serializes the subset of the submitted data agreed to be used
for interoperability (see section 4.1) and initiates cross-registry validation checks. These checks are performed
in parallel against all participating registries to determine whether the same or similar SAF attributes have
already been recorded elsewhere.

Based on this comparison, the validation process can lead to two main outcomes in the registry:

e No match detected - the SAF attributes are activated in the registry without further action.

9 ]JATA FDSG - IATA Fuel Data Standards Group
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e Match detected and flagged - triggering further evaluation process (see section 6.3).

4.3. Evaluation process

When a match is detected and flagged, the detecting registry immediately notifies the relevant registry with
which the match was identified. Following the notification, an evaluation process is initiated between the
relevant registries. This begins with an evidence exchange phase, during which the registries share the
information necessary to assess the potential duplication. This includes comparing which primary and
secondary data points matched across the registries. While the standard interoperability dataset provides the
initial basis for comparison, registries may exchange, if necessary, additional supporting data under strict
confidentiality provisions. Where needed, registrants or SAF attribute holders may also be asked to provide
supplementary documentation or explanation to support the assessment.

To ensure consistency and efficiency, the process follows defined timelines. Registries are expected to share
relevant evidence to commence the evaluation as soon as possible and no later than three business days after
the flag was raised.

4.4, Evaluation outcomes

Following the evaluation, the case is classified into one of the two possible outcomes, depending on the nature
of the identified attributes’ overlap:

e No duplicate: The case is cleared, and the SAF attributes can be activated in the registry.

— Example 1: Following the evaluation, only some primary and secondary identifiers match, and the
discrepancies can be clearly explained: Registry A raises a flag with Registry B regarding registered
environmental attributes. Upon further review, it is determined that the attributes match based on the
Producer PoS ID and the secondary identifiers, but not on the PoS ID. This discrepancy can be explained
by the fact that the SAF batch generated by the producer was subsequently split into smaller batches,
each retaining the same Producer PoS ID while being assigned a different PoS ID.

— Example 2 (false positive): Data matches across both primary and secondary identifiers. The evaluation
identifies a data error that resulted in duplicate records. The discrepancy can be explained and justified,
and corrective action is taken to resolve the error, after which the environmental attributes can be
activated.

e Confirmed duplicate: Data matches across both primary and secondary identifiers; further evaluation
confirmed a duplicate. Registries must determine the appropriate ownership of the attributes through a
dispute resolution mechanism (section 4.5).

Throughout the process, standardized customer communications are issued to the owners of the affected SAF
attributes. This ensures consistency, transparency, and clarity for all stakeholders involved.

4.5. Dispute resolution

When the evaluation confirms a duplicate, the affected registries must initiate a dispute resolution process
outlined below:

1. As afirst step, the registries should seek to resolve the issue jointly. This can include consultation with
registrant(s) and affected SAF unit holder(s) in the impacted registries.
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2. Ifthejoint review does not lead to a resolution, the case should be escalated to a pre-appointed
independent auditor. The auditor reviews the case and provides a recommendation.

3. If the affected registries do not agree with the auditor's recommendation, a final decision should be
made by a designated governing body or through arbitration.

Duplicate records are either canceled (including any derived attributes, such as split units within the registry) or
refused validation, depending on which registry holds the valid record. As a result, the environmental attributes
remain active/in use in only one registry. The rationale for the decision is clearly documented (see section

4.6.1). In all cases, affected parties must be notified accordingly, including where the attributes have already
been retired and allocated to Scope 1 and/or Scope 3 owners.

The case should be resolved within seven days of the evaluation outcome.

The high-level overview of the interoperability model is described in Chart 3 below.

. No
 Duplicate

Chart 3: Interoperability model flow chart

Match Impacted :
o Evidence
-+ Detected & -~ Registries —» Exchanae .
. Flagged Notified ¢
Data Matching & ’ Confirmed ~ Dispute
Data Flagging Duplicate Resolution

Ingestion
in Registry
A

e Serialization g& against the
in Registry A Other
Registries

SAF

M Novatcn | Attributes
Detected Activated in

Registry A

4.6. Monitoring and reporting

4.6.1 Case tracking and resolution reporting

All flagged cases are systematically documented in a shared Interoperability Database to ensure traceability
and accountability across participating registries.

The Interoperability Database captures the following information for each flagged instance:
e (Case number and date of detection.

e The registry that identified the match, as well as any other impacted registries.
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e The data fields that triggered the match and all the collected primary data recorded by the detecting
registry.

e The evaluation date and outcome and, if relevant, the resolution date and outcome.

Records maintained in the Interoperability Database are not publicly disclosed. However, relevant information
may be shared with affected owners of the SAF attributes or auditors upon request.

In addition, confirmed duplicate cases and their dispute resolution are documented in a standardized
Resolution Report, which includes:

e Summary of the reviewed evidence, including primary and secondary data of the SAF attributes, along with
any additional data supporting the evaluation process.

e Status of the attributes at the time of detection.

¢ |dentification of the registry holding the valid record and the registry holding the invalid duplicate, together
with the rationale for this determination.

e Quantity of attributes affected.
e |dentification of the affected parties (e.g., registrants, holders, Scope 1/Scope 3 owners)

High-level anonymized information from the Resolution Report will be made available on the public
interoperability page to support transparency and enable non-participating registries to identify potential
duplicates in their systems.’® The exact format of the report is yet to be clarified.

4.6.2 Performance monitoring and reporting

To assess the effectiveness and performance of the interoperability collaboration underpinned by the Global
Framework, a set of key performance indicators (KPIs) is regularly monitored and evaluated. Core KPlIs include:

e Number of flags generated.
e Number of confirmed duplicates.

o Number of resolved cases, including the proportion of resolutions within the seven-business-day timeframe
since the evaluation outcome was received.

e Registry availability and technical performance, including uptime and compliance with agreed service levels.
o Number of repeat violations identified for registrants/users.

These KPIs are monitored on an ongoing basis. A summary report is prepared on a regular basis and reviewed
by the Collaboration Committee (see section 6.1) during its regular meetings.

10 This public page is currently under design and should be available in Q4 2026. No confirmed duplicates have been identified to date within the
interoperability collaboration.
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477, Technical framework

As explained, the interoperability network is implemented as a fully decentralized, peer-to-peer architecture, in
which each registry operates independently while participating in a coordinated validation process.In this
model, each registry:

e Maintains its own records.
e Performs its own validation checks.
o Exchanges only the data necessary for interoperability.

Communication between registries is enabled through standardized API-based interfaces. All participants
expose a common APl endpoint, and validation requests are exchanged using HTTPS REST/JSON calls. When
a registry initiates a validation request, it sends simultaneous (parallel) queries to all other registries in the
network, enabling near real-time cross-system checks.

To ensure that only accredited registries can participate in the network, all communication is protected by
industry-standard authentication mechanisms. Two methods are supported:

o API Key authentication — Each registry is issued with a unique, secret key that it includes with every request.
This key acts like a digital credential that identifies the sender. Keys can be rotated periodically to maintain
security.

e OAuth 2.0 (Client Credentials) — This is the preferred method for registry-to-registry communication. Rather
than sending a permanent key with each request, the registry first authenticates itself with a trusted
authorization server and receives a short-lived token (valid for 15-30 minutes). This token is then used to
authorize the validation request. Because tokens expire quickly, the risk of misuse is significantly reduced.

In both cases, all data is transmitted over encrypted connections (TLS/SSL), ensuring that validation requests
and responses cannot be intercepted or tampered with in transit.

Registries must also support key rotation — the periodic replacement of credentials — as a standard security
practice. This ensures that even if a credential was compromised, its useful lifetime would be limited.

To ensure operational reliability, the framework defines clear performance expectations. Registries are
expected to respond to validation requests within an automated service-level timeframe of approximately 10
minutes. In cases where a registry is temporarily unavailable, the originating registry must continue retrying the
request 10 times, with one-minute delay intervals. If the registry is not able to get a response after these 10
retries, the process is stopped and the request is marked as failed. Following the failure, an investigation starts
in order to resolve the technical issue. Once the issue has been resolved, the automated check is restarted. If
resolution is not possible within a reasonable timeframe, the affected registries may proceed with manual
cross-checks of the primary and secondary data under strict confidentiality provisions to ensure timely
validation.

From a data management perspective, the interoperability layer is intentionally limited in scope. The API:
e Does not store full sustainability records recorded in the registries.
e Does notinterfere with issuance or transfer decisions within registries.

e Serves solely to enable validation, flagging, and communication between systems.
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Technical participation in the interoperability network requires access to the agreed API specifications, which
are made available to registries as part of the onboarding process or upon request.

5. Core collaboration principles

The effectiveness of the Framework depends not only on its operational and technical design but also on a
shared set of principles that guide collaboration among participating registries. These principles provide a
common foundation for ensuring that interoperability is implemented in a consistent, transparent, and
trustworthy manner.

b.1. Data integrity and security

Ensuring the integrity and security of data is fundamental to the credibility of any interoperability framework.
Participating registries are expected to ensure:

e Data validation — Implement robust data validation processes to ensure that SAF information is accurate,
consistent, and reliable throughout its lifecycle.

e Access control — Establish appropriate access control measures to protect sensitive information. These
measures should strike a balance between safeguarding confidential data and enabling the level of
transparency necessary for effective interoperability and cross-registry validation.

5.2, Interoperability principles

The Framework is designed to accommodate the diversity of SAF registries while promoting alignment where
necessary. In particular, the collaboration is guided by the following principles:

¢ Inclusivity — Ensuring that a broad range of registries can participate, provided they meet the minimum
requirements (see section 6.3).

o Compatibility — Enabling the Framework to integrate with existing registry infrastructures without requiring
significant redesign or individual registries’ operation.

e Transparency — Support clear and open processes and decision-making to build trust among participants
and stakeholders.

e Scalability — Ensure that the framework can adapt to increasing participation and evolving technological and
market conditions.

5.3. Monitoring and evaluation

Continuous monitoring and evaluation are essential to maintaining the effectiveness and credibility of the
Framework. Participating registries shall commit to monitoring operational performance, periodically reviewing
compliance with agreed processes and technical standards, and continuously improving the Framework based
on operational experience and stakeholder feedback. Detailed performance metrics and reporting
arrangements are described in Section 4.6.

54, Interaction and communication channels

While the principles outlined above provide the foundation for interoperability, their effective implementation
also depends on strong interaction and communication among participating registries. The Framework
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requires structured and standardized information exchange, supported by appropriate training and guidance to
ensure robust understanding and effective day-to-day operations.

6. Governance

The governance structure ensures that decision-making, participation, and enforcement within the Framework
are conducted transparently and consistently, while preserving the independence of participating registries.

6.1. Interoperability Collaboration Committee & operational
representatives

At the core of the Framework is the Collaboration Committee, composed of one representative from each
participating registry. The Committee is responsible for:

e Overseeing the implementation and evolution of the Framework, including decision-making.
e Acceptance and onboarding new members, and suspending or dismissing existing members.
e Managing matters related to compliance and enforcement.

The Collaboration Committee meets quarterly. Where required - such as for acceptance and onboarding new
members, suspending existing participants, or during escalation of a dispute resolution - the Committee may
convene on an ad hoc basis outside of the regular meeting schedule. The Committee shall also appoint a
Chairperson, who is authorized to sign Accession Agreements on behalf of the Committee during the
onboarding process (see section 6.3).

In addition, each participating registry appoints at least one operational representative to support day-to-day
coordination and participate in regular working-level discussions. This role may be fulfilled by the Collaboration
Committee member or delegated to another member of the registry team. The operational representatives
meet biweekly to address routine procedural and operational matters. They are also responsible for providing
evidence for evaluating flagged cases and for dispute resolution.

This structure ensures a clear distinction between strategic oversight and operational coordination.

0.2. Decision-making

Decision-making is carried out collectively through the Collaboration Committee, based on agreed voting
principles.

Simple majority (1/2 of registries) applies to:

e Everyday procedural matters.

¢ Amendments to the Collaboration Agreement’" that are not part of the technical framework or core system
architecture.

11 See section 6.3 to learn more about the Collaboration Agreement
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Supermajority (2/3 of the registries) applies to:
e Changes to the technical framework or core system architecture.

e Changes to key principles.
e Onboarding of new registries (subject to meeting participation criteria).

e Suspension or dismissal of a participating registry, where breach conditions are met
(affected registry is not participating in the vote).

This approach ensures that decisions can be taken efficiently, while maintaining appropriate safeguards for
more significant changes.

6.3. Onboarding of new members

The Framework is designed to be inclusive while maintaining high standards of integrity and technical
capability. Eligible participants include for-profit and not-for-profit independent registries, registries operated
by organizations that set or oversee sustainability certification schemes, and national SAF registries or
databases.

Participating entities are expected to demonstrate:

e Operation of a registry/system through which SAF attributes are digitally recorded.

e A clear commitment to integrity, with no evidence of practices that could undermine the credibility of SAF
attributes. Regular system audits are not mandatory for participation but are recommended.

e Clearly defined system rules.
o Appropriate governance structures and internal controls.

¢ No material conflict of interest (e.g., controlling a registry while conducting transactions within it without
safeguards).

e Alignment and compliance with the Framework. Note: All participating members should reconfirm their
compliance if any fundamental changes are made to the Framework.

From a technical and operational perspective, registries must be able to:
e Collect and exchange the agreed minimum dataset for interoperability (see section 4.1).

e Implement secure, automated data exchange mechanisms, including APl integration based on the technical
specifications provided by the Framework (see section 6.7).

e Apply appropriate data protection and cybersecurity practices, optionally hold ISO 27001 certification.
e Collaborate in good faith and adhere to the agreed interoperability principles.
Onboarding is formalized through the completion and signing of an Accession Agreement by an authorized

representative of the applicant. By signing the Accession Agreement, the applicant agrees to become a party
to the legally binding Collaboration Agreement that underpins the Framework.
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The completed Accession Agreement is submitted to the Collaboration Committee for review. Both the
Accession Agreement and the Collaboration Agreement are made available to the applicant during the
onboarding process.

Admission is subject to the Collaboration Committee’s approval, with the Chairperson authorized to
countersign the agreement on behalf of all participating registries. Applicants who are not approved are
formally notified. The review of the onboarding application and the outcome are expected to be completed
within 20 business days of the applicant's submission of the Accession Agreement.

0.4, Suspension and withdrawal of members

The Framework establishes a clear process for addressing breaches of the collaboration principles, ensuring
fairness, transparency, and consistency across participating registries.

Grounds for action may include:

o Repeated or significant breaches of obligations, such as not participating in the evaluation or dispute
resolution process or violating the collaboration principles.

e Behavior that undermines the integrity or credibility of SAF attributes.
e Consistent operational errors and data quality issues.

In the event of a potential breach, another participating registry may submit a formal breach notice to the
Collaboration Committee, supported by evidence. The Committee is expected to review the case within a
defined timeframe - typically no later than 30 days, where practicable - while ensuring that the concerned
registry is given an opportunity to respond and provide clarification.

Following the review, the Collaboration Committee may:
e Apply corrective measures as appropriate before considering suspension.
e Decide, by supermajority, to temporarily suspend or cancel the participation of the concerned party.

Where cancellation or suspension is confirmed, the party ceases to participate - either temporarily or
permanently - in the Framework, while the collaboration continues to apply to the remaining members.

Separately, registries that voluntarily withdraw or cease operations are required to notify the Committee in
writing at least 60 days in advance of any public announcement and provide an indicative timeline for the
withdrawal.

Participation status within the Framework:

o Member - The registry has met all the onboarding requirements and was accepted by the supermajority
votes of the Collaboration Committee. It actively participates in the interoperability collaboration, including
cross-checking of environmental attributes, evaluation, dispute resolution, and monitoring.

e Temporarily Suspended — The registry was temporarily suspended by the supermajority votes of the
Collaboration Committee. It doesn't participate in the interoperability collaboration. The participation can be

reinstated.

o Membership Canceled — The registry’s participation was terminated by the supermajority votes of the
Collaboration Committee due to severe violation of the Framework and/or prescribed processes. It doesn't
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participate in the interoperability collaboration. Reinstatement may be considered only if the registry
demonstrates that appropriate corrective actions have been implemented and provides satisfactory
evidence thereof, subject to a new approval decision by the Collaboration Committee.

o Membership Withdrawn — The registry voluntarily decided to leave the Framework. It doesn't participate in
the interoperability collaboration. The registry’'s participation can be reinstated.

Participating registries/systems may communicate their participation in the Framework externally. Disclosure
of the registries with the status Member is also available on the publicly accessible interoperability page.'?

0.5. Enforcement model

The enforcement model addresses operational non-compliance and repeated integrity issues, particularly at
the level of SAF attribute owners, i.e., registrants or holders.

In cases of repeated violations - such as attempts to register duplicate SAF attributes - participating registries
may apply a progressive set of enforcement measures, including:

e |nitial warning.
e Temporary suspension until remedial action is introduced.

e Permanent cancellation of the accounts in all registries participating in the Framework.

7. Roadmap and next steps

The immediate focus of the interoperability collaboration is to consolidate and scale Phase 1, i.e., to transition
from a successful interoperability pilot into a fully operational and robust framework. This involves continuous,
real-time exchange of SAF attribute data across participating registries for cross-checking purposes to avoid
double-issuance, reporting any flagged cases and duplicates in the Interoperability Database and Resolution
Report, and continuous monitoring and evaluation of the performance through selected KPlIs.

At the same time, work will continue on refining data standards and technical integration, with the objective of
further refining the dataset exchanged for interoperability purposes, and increasing the automation of cross-
checking processes. As systems mature, greater levels of automation will help enhance efficiency and reduce
manual intervention. At the same time, the collaboration group will continue working on strengthening
governance mechanisms.

Expanding participation is also a key priority going forward. The collaboration will therefore focus on
onboarding additional registries, recognizing that broader participation will significantly strengthen market
coverage and the overall integrity of SAF attribute tracking.

Once Phase 1 has been sufficiently stabilized and scaled, the collaboration will begin progressing toward Phase
2 (see section 2.). Prior to the implementation of Phase 2, the Framework will be reviewed and updated as
necessary to reflect the expanded scope of interoperability beyond double issuance.

12 This public page is currently under design and should be made available in Q4 2026.
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8. Conclusion

This paper has outlined the Global Interoperability Framework and Principles developed by IATA in
collaboration with CADO, 4AIR, and 123Carbon. It presents a practical and operational approach to cross-
registry coordination. By combining a decentralized model, structured cross-checking processes, and a
governance framework, the initiative demonstrates that interoperability can be implemented in practice.

As the Framework evolves, continued collaboration, refinement, and expansion of participation will be essential.
Ultimately, interoperability is not only a technical solution but a shared commitment to transparency,
accountability, and the long-term credibility of SAF markets.

9. Glossary

API - Application Programming Interface

Book-and-claim — SAF chain of custody approach that allows the SAF environmental attributes associated with
a quantity of SAF to be transferred independently of the physical fuel.

CAF - Conventional Aviation Fuel

Chain of custody — The documented process of tracking the flow of feedstocks, fuels, and associated
sustainability attributes throughout the supply chain. The chain of custody ensures the traceability,
transparency, and integrity of SAF from its origin through production, blending, and distribution to end-users. It
involves recording and verifying the movement and transformation of materials to maintain accountability and
ensure compliance with sustainability standards and certification requirements. Currently, the most common
chain of custody model used for SAF is mass balance. Book-and-claim chain of custody is also emerging’S.

Detecting registry — The registry where the attributes are being registered and have not yet been activated.

Double claiming — The emissions reduction from the same batch of SAF is claimed more than once under the
same scope.

Double issuance — More than one emissions reduction issued from the same batch of SAF.
Double usage - The emissions reduction from the same batch of SAF used more than once.

Emissions reduction - Quantified life-cycle greenhouse gas emissions reduction associated with the
production and use of a specific quantity of SAF compared with CAF. It is calculated using an approved
methodology and is linked to the sustainability attributes of the SAF batch. Within a book-and-claim system,
this emission reduction can be transferred and claimed separately from the physical fuel.

Holder — A party that holds SAF environmental attributes in a SAF registry and is recognized as their current
owner.

Proof of Compliance (PoC) - Like a PoS, a PoC records the sustainability characteristics of a SAF batch. In
addition, it demonstrates that the underlying SAF has been recognized for compliance under a specific
regulatory framework or scheme.

13 Understanding SAF Sustainability Certification
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Proof of Sustainability (PoS) — A document issued by an economic operator that records the sustainability
characteristics of a SAF batch, including information such as feedstock, production pathway, and lifecycle
emissions reduction. It enables the traceability and verification of sustainability attributes throughout the value
chain.

Registrant — A party that registers SAF sustainability data and supporting documentation in a SAF registry for
the purpose of issuing virtual SAF units carrying environmental attributes that can be transferred and claimed.

Registry — A system that helps facilitate book-and-claim. It tracks the creation, transfer, and retirement of the
SAF environmental attributes to ensure transparency, traceability, and the avoidance of double claiming.

Scope 1 owner — An entity, typically an aircraft operator, that acquires and retires SAF environmental attributes
to support claims related to its own direct operational greenhouse gas emissions. Within a registry, the Scope 1
owner is recorded as the final holder and claimant of the retired SAF attributes.

Scope 3 owner - An entity, typically a corporate customer or freight forwarder, that acquires and retires SAF

environmental attributes to support claims related to indirect emissions associated with business air travel or
air freight. Within a registry, the Scope 3 owner is recorded as the final holder and claimant of the retired SAF

attributes for Scope 3 reporting purposes.

Sustainable aviation fuel (SAF) — A renewable or waste-derived aviation fuel that meets applicable
sustainability criteria and can be used as a substitute for conventional jet fuel. It delivers life-cycle greenhouse
gas emissions reductions relative to CAF while meeting aviation safety and performance requirements.

SAF environmental attribute — An environmental attribute is a quantifiable environmental benefit associated

with a specific quantity of SAF, including its life-cycle greenhouse gas emissions reduction and other
sustainability characteristics. It is represented in registries as a SAF Unit.
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