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EC Summary Requirements

1. Changes with respect to the Description of the Action (DoA)

No changes with respect to the work described in the DoA.

2. Dissemination and uptake

The deliverable will be primarily used by the TRANSIENCE partners as it provides them with guidelines and
protocols for open access, as well as associated checklists and ontologies to be employed in the second
phase of the project, where all individual modules will be integrated to the MIC3 model. This information
can also be useful for external audiences of the project (e.g., academics, industries) to understand the type
of data that will be used in the modules.

3. Short summary of results (<250 words)

Open science is a set of principles and practices to make scientific research available and accessible to
everyone. This deliverable aims to explore and operationalise open science principles and practices that can
support the research activities of the TRANSIENCE project. First, the report summarises the main activities
and outputs of TRANSIENCE and matches them with relevant open science principles. Specifically, all
research activities of the project will be described through open-access publications (deliverable reports,
scientific journal papers, etc.). All input and output datasets developed in TRANSIENCE will be shared based
on the FAIR principles for enabling findable, accessible, interoperable, and reusable data. Model code as
well as relevant scripts (e.g., for data processing) will be shared as open source, while both code and data
will be deposited in online repositories that follow the TRUST (Transparency, Responsibility, User focus,
Sustainability, and Technology) principles. Since modelling activities play a major role in TRANSIENCE, the
report provides more details on open science practices that can support modelling. Specifically, the report
presents open science protocols to guide major research activities related to model development, linking,
and use. Subsequently, the report delves further into practices that support the exchange of model data by
introducing the concept of ontologies and providing a hands-on example of applying ontologies in the
modelling data of TRANSIENCE. The open science protocols and ontologies will be further updated later in
the project based on the feedback and experience of the modelling partners.

4. Evidence of accomplishment

This report and the accompanying GitHub repository' containing the ontologies and nomenclature of input
data.

" https://github.com/i2amparis/transience_open_science
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Preface

The need to approach climate action, resource efficiency, and circularity performance as integrated,
economy-wide, cross-cutting issues is growingly gaining attention in the policy world, stimulating the
development of new industrial policies in Europe and worldwide. Currently, however, there is little progress
in conceptualising the circular economy and understanding its interactions with climate action. State-of-the-
art modelling capacity to capture the interplay of the two agendas and their implications for energy-
intensive sectors as well as to represent the European industry’s transformation in line with the region’s
vision for climate neutrality is not yet fully developed. TRANSIENCE will undertake a comprehensive
characterisation and assessment of circularity principles and measures vis-a-vis decarbonisation, by looking
at the twin transition of European industries through the lenses of global competitiveness, innovation, and
holistic sustainability. It will then produce MIC3, a consistent, fully open-source model ecosystem to assess
industrial circularity, decarbonisation, and sustainability. A series of interoperable modules on the
socioeconomic, service and product, material, industrial, energy-system, and environmental perspectives of
the transformation of European industry will be developed and integrated, building on and opening the
code of leading modelling tools. MIC3 will finally be used in extensive scenario modelling to produce diverse
pathways toward a material-efficient, circular, climate-neutral, sustainable European industry.
Transparency, openness, and knowledge sharing will be promoted, and technical capacities will be
developed in four industrial agglomerations in the EU, moving beyond stakeholder consultation, onto model
co-development, continuous validation of assumptions, co-creation of scenario modelling, evaluation of the
desirability and usability of the developed model and insights, and eventually co-production of science and
action.
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Executive Summary

Open science is a set of principles and practices to make scientific research available and accessible to
everyone. This report aims to explore and operationalise open science principles and practices that can
support the research activities of the TRANSIENCE project. The report is part of Task 3.1, “Open and FAIR
data management (Phase 1)”, which aims to lay the groundwork and support knowledge exchange in the
project.

First, the report summarises the main activities and outputs of TRANSIENCE and matches them with relevant
open science principles. Specifically, all research activities of the project will be described through open-
access publications (deliverable reports, journal papers, etc.) while their input and output datasets will be
shared based on the FAIR principles for enabling findable, accessible, interoperable, and reusable data.
Model code as well as relevant scripts (e.g., for data processing) will be shared as open source, while both
code and data will be deposited in online repositories that follow the TRUST principles (Transparency,
Responsibility, User focus, Sustainability, and Technology).

Since modelling activities play a major role in TRANSIENCE, deliverable D3.8 provides more details on open
science practices that can support modelling. Specifically, the deliverable presents open science protocols
to guide major research activities related to model development, linking, and use. The protocols have been
inspired by the open science protocols created in the Horizon Europe IAM COMPACT? project and were
informed by studies that synthesised and enhanced recommendations from the literature in terms of
improving the development and linking of integrated assessment models (IAMs), energy system models,
environmental models, etc.

Examples of relevant practices for model development include sharing the model code and updates in
GitHub, sharing data through the TRANSIENCE community in Zenodo, and documenting the model in a Read
the Docs page. Similarly, the model linking protocol includes recommendations such as documenting the
harmonisation of input data and sharing both processing code and resulting datasets in platforms
supporting open science practices. Suggestions for model use include an interactive tool for validating
modelling data and the use of the IAM PARIS platform for visualising all scenario results. Subsequently, the
deliverable delves further into practices that support the exchange of model data by introducing the concept
of ontologies and providing a hands-on example of applying ontologies in the modelling data of
TRANSIENCE.

The open science protocols and ontologies will be further updated later in the project based on the feedback
and experience of the modelling partners. As model linking will be critical for creating the interconnected
MIC3 model, the protocols will be enriched with more detailed information about the development of
application programming interfaces (APIs) to facilitate these links and the packaging of models and their
system requirements in Docker images. The ontology will also be further expanded to include all input and
output data from the individual models, facilitating the mapping of the different data transfers that need to
take place in TRANSIENCE. Finally, we will aim to standardise and disseminate the protocols and ontologies
as much as possible to make them useful and usable by modellers beyond TRANSIENCE, e.g., by publishing
them in scientific publications and data repositories.

2 https://www.iam-compact.eu
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1 Introduction

Open science is a set of principles and practices to make scientific research available and accessible to
everyone (UNESCO, 2022). As the name implies, the goal of open science is to make scientific knowledge as
open as possible, by providing unrestricted access to scientific publications and research data (open-access
publishing), by making software and its source code available (open-source code), and by providing open
resources to support scientific uptake such as open educational material or even hardware. Nevertheless,
open science is not only about opening up scientific outputs, but also about involving different stakeholders
throughout the scientific process (UNESCO, 2022). As Figure 1 shows, open science includes efforts to
develop a dialogue with other knowledge systems (e.g., local communities, indigenous people) in a
transdisciplinary manner, engage societal actors (e.g., through citizen and participatory science), and
provide access to virtual and physical science infrastructure (e.g., open bibliometric systems). While open
science aims to reduce the barriers and restrictions on the availability of scientific knowledge, it does not
necessarily mean cost-free or even uncontrolled sharing (UNESCO, 2022). Many open science practices rely
on licensing, defining clear conditions for the users such as providing appropriate credit to publication
authors. Additionally, there are many open science initiatives that aim to make science cost free by providing
free publication platforms or covering the cost of publishing for researchers.

Open educational
resources

Open source
software and
source code

Open
research
data

Open
hardware
Scientific
publications
Open
scientific
knowledge

Indigenous
peoples
Open

dialogue OPEN
with other SCIENCE

knowledge
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Figure 1. The four main pillars of open science, reproduced from UNESCO (2022)
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This report, in the context of deliverable D3.8 ‘Open science protocols’, aims to explore and operationalise
open science principles and practices that will be relevant to the research activities of the TRANSIENCE
project. The report is part of Task 3.1 ‘Open and FAIR data management (Phase 1), that aims to lay the
groundwork and support knowledge exchange in the project. The first part of this task was to build a basis
for this exchange by developing an open, machine-actionable Data Management Plan (DMP)? in the context
of deliverable D3.1 ‘Machine-actionable, open data management plan’. While the DMP touched upon some
aspects of open science, such as ensuring that project data are findable, accessible, interoperable, and
reusable (FAIR), D3.8 aims to provide more detailed and hands-on guidelines for achieving open science in
TRANSIENCE, especially in terms of its modelling activities. On the latter, the report also complements the
open model development strategy# that has been created during the first project year and which aimed to
synthesise insights from the stakeholder activities of the project in a list of required model features.

First, this report summarises the main activities and outputs of TRANSIENCE and matches them with
relevant open science principles (Section 2). Then, it elaborates on these principles and proposes ways to
follow them in TRANSIENCE, for instance by sharing open-access datasets on the open-science platform
Zenodo® and open-source code on GitHub® repositories. Since modelling activities play a major role in
TRANSIENCE, Section 3 and 4 provide more details on open-science practices that can support modelling
development activities. Specifically, Section 3 presents open-science protocols to guide major research
activities related to model development, model linking, and model use. Section 4 delves further into
practices that support the exchange of model data by introducing the concept of ontologies and providing
a hands-on example of applying ontologies in modelling data in TRANSIENCE. Both protocols and ontologies
will be further updated as the project's modelling activities progress. After enhancing and opening the
individual models in Phase 1 of TRANSIENCE, Phases 2 and 3 include testing these models, establishing
interconnections between them to form the MIC3 model, and using both the individual and linked models
in four case studies for the European industry and other modelling exercises for the EU and its Member
States. More details about next steps and future updates of the protocols and ontologies are provided in
Section 5.

It is noted that the report does not aim to create new scientific knowledge but instead to synthesise relevant
studies and insights on open science in a way that can be useful and usable in TRANSIENCE. Similarly, it does
not aim to present an extensive literature review to identify every open-science practice available. Instead,
D3.8 operationalises major open-science principles such as the FAIR data principles as well as insights from
previous research studies that have synthesised open-science practices in the topics of TRANSIENCE. Finally,
to further facilitate the use of the guidelines suggested in this report, the information given in the next
sections is mainly structured through tables and figures instead of long blocks of text.

3 https://doi.org/10.5281/zen0d0.12624920
4 https://doi.org/10.5281/zenodo.14034437
> https://zenodo.org/communities/transience

© https://github.com
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2 Open science guidelines

The main objective of TRANSIENCE is to explore interactions between decarbonisation and circularity in the
context of European industries and create enhanced modelling capacities to support this effort. As such, the
project's research activities can be grouped into four categories: 1) conduct participatory and
transdisciplinary research to understand stakeholder needs for new modelling capacity (WP2); 2)
characterise circularity & decarbonisation options under the lenses of industrial ecology, theories of
innovation, and other perspectives (WP3); 3) enhance, open, and interconnect models that can inform the
transition to a green and circular industry (WPs 4 & 7); and 4) conduct scenario modelling and case studies
in four industrial clusters in Europe based on the enhanced modelling framework and on continuous co-
creation with relevant stakeholders (WPs 8 & 11).

Table 1 provides more details on the inputs, processes, and outputs of these research activities and a high-
level mapping of these activities with relevant open science principles and guidelines. Specifically, all
research activities will be described through open-access publications (deliverable reports, journal papers,
etc.) while their input and output data will be shared based on FAIR data principles. Model code as well as
relevant scripts (e.g., for data processing and visualisation) will be shared as open source and deposited in
online repositories that follow the TRUST principles (Transparency, Responsibility, User focus, Sustainability,
and Technology) such as Zenodo.

Table 1. TRANSIENCE research activities and relevant open science principles

Relevant open science

TRANSIENCE research activities

principles

Inputs: workshops and interviews with
stakeholders

Understanding Document all processes
stakeholder needs Processes: Three Horizons dialogue framework, throm..|gh t.')pen-aa_:ess
for new capacities | cognitive mapping, system dynamics publications (deliverable
(WP2) reports, scientific

Outputs: reports, stakeholder-informed publications, media articles)

research questions

Share raw and processed
data (e.g., model inputs and
outputs in WPs 4 and 7 or

Inputs: academic and grey literature on
circularity, decarbonisation, relevant modelling
frameworks, and TRANSIENCE's case study

Characterising regions workshop minutes in WP2)
circularity & _ . , _ along with databases based
S e e e e Proce;ses: qrculanty -frameworl-<s', soaotechmcgl on the FAIR data

options (WP3) analysis, policy analysis, competitiveness analysis principles

Outputs: reports, database of circular economy Provide as opeTEe It EEihe

measures
MIC3 model (simplified and
Inputs: existing modelling code, stakeholder i i
Development of Y xisting I 8 : full version), its modules,
modules & needs from WP2, academic and grey literature and all relevant scripts (e.g.,
on products and services for circularity and
integration into the decF;rbonisation Y pathways? for data
final model _ processing)
Processes: development of new modelling
(WPs 4, 7 and Task - o
12.4) capacities, model soft-linking through automated

routines
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Outputs: new open modules, databases, full Store data and code using
MIC3 model, simplified modelling tool, new TRUSTworthy data
industrial transition scenarios for the EU, repositories

national and local levels

Inputs: scenario definitions based on
stakeholder engagement activities of the project

Scenario co-creation
and analysis; model

validation by the
stakeholders Outputs: modelling results in terms of GHG

(WPs 8, 11) emissions, material needs, costs, industrial
energy consumption mix, investment needs at
the EU. National and local level (for case studies)
etc.

Processes: model scenarios using the new
modules and the integrated MIC3 model

All principles are presented in Subsections 2.1-2.4 along with examples of implementing them in the context
of TRANSIENCE. As there are many studies that explored these principles in detail, the following subsections
aim to be concise and distil practical recommendations for TRANSIENCE. It is also acknowledged that there
may be overlaps between the principles (e.g., certain FAIR data principles relate to open-access publishing),
while there are other principles and practices that could have been explored. However, as mentioned in the
Introduction, the selected sets of principles are recognised as influential for open science (Abdelrahman,
2020; daSilvaSantos et al., 2025; Mons et al., 2017) and align well with the research activities of TRANSIENCE,
thus forming a good-enough basis for establishing guidelines and protocols for the project.

2.1 FAIR data principles

As the value of open data continues to grow across scientific disciplines, the FAIR Principles emerged as a
response from a collective of stakeholders spanning academia, industry, and public institutions. These
principles—Findability, Accessibility, Interoperability, and Reusability—were developed to serve as
benchmarks for assessing the openness and usability of scientific data (Wilkinson et al., 2016). Rather than
dictating exact technical standards, the FAIR framework offers a flexible set of criteria designed to guide the
enhancement of data reusability across various implementation contexts. By fostering the reuse of existing
data, the principles aim to accelerate scientific progress and innovation. Over time, the FAIR principles have
gained traction among major institutions, including the European Commission (Mons et al., 2017). The FAIR
principles have been also used in climate-economy research, most recently through the data management
activities in the context of the 6th Assessment Report (AR6) of the Intergovernmental Panel for Climate
Change (IPCC) (Stockhause et al., 2024). Table 2 presents the main requirements for each FAIR principle
along with examples for applying them. These examples have been inspired by the open science protocols
developed in the context of the Horizon Europe project IAM COMPACT’ (Rodés-Bachs et al., 2023, 2024) and
have been specifically selected as they convey the gist of each principle while presenting practices that can
be also applied in TRANSIENCE.

7 https://www.iam-compact.eu/
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Table 2. FAIR principles and examples of their applications

Findability

Data is stored in a way that
it is easy for all interested
parties to find it.

- Allocate persistent identifiers (PIDs) such as DOls.

- Create searchable, machine-readable metadata
(e.g., by submitting datasets in repositories such as
Zenodo?)

Accessibility

Data is readily available by
both humans and
machines.

- Provide metadata in formats/platforms that are
available and free-of-charge (e.g., the ARGOS®
platform from OpenAIRE), even if the data that they
are describing are not open access.

- If the data is not fully open, specify explicitly the
conditions under which the data are available
(Mons et al., 2017) or provide alternatives, e.g.,
aggregated data when raw data cannot be shared
for data protection reasons.

Interoperability

Data is provided in
standardised formats that
can be read and used by
different applications
(usually within the scientific

domain related to the data).

- Share small datasets in non-proprietary formats
such as csv and large ones in open database
formats (e.g., PostgreSQL').

- Provide standardised ways for data exchange such
as application programming interfaces (APIs).

- Use metadata vocabularies that follow the FAIR
principles, e.g., mentioning at least the author(s), a
description, the publication date, the repository, the
license, and whether there is an embargo period™".

Re-usability

Data is formatted and
documented in a way that
enables effective re-use by
different users.

- Provide a license that enables re-usability under
well-defined conditions, e.g., CC BY 4.0"2.

- Offer detailed descriptions of the origin and quality
of the data, e.g., how it was collected, how it was
processed, etc.

- Use standardised data structures that ensure
transparency and comprehensibility, e.g., based on
the Tidy Data format (Wickham, 2014).

Note: The descriptions of the principles are adapted from Wilkinson et al. (2016).

2.2 TRUST principles for digital data repositories

Following the example of the FAIR principles for managing and sharing research data, the TRUST principles
are guidelines for the digital repositories that host these data (Lin et al.,, 2020). TRUST stands for the

principles of Transparency, Responsibility, User Focus, Sustainability, and Technology, which are deemed as

essential for ensuring reliable and trustworthy data repositories. As shown in Table 3, repositories need to

be transparent about their services and responsible for ensuring the authenticity of their data holdings.

8 https://zenodo.org

? https://argos.openaire.eu/splash/

10 https://www.postgresgl.org

" https://www.openaire.eu/how-to-comply-with-horizon-europe-mandate-for-rdm

12 https://creativecommons.org/licenses/by/4.0/deed.en
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Repositories also need to cater for their users, including data producers and users from academia, industry,
policy, and civil society. Critically, repositories need to have a long-term plan and funding to offer their
services and provide the adequate technological infrastructure to enable these services. Table 3 provides
some practical examples of applying these principles, such as declaring clear terms of use to ensure
transparency. The TRUST principles will be used in two aspects of TRANSIENCE. First, we aim to follow them
in the planned upgrades of the IAM PARIS platform (Tasks 8.3 and 11.3)'3, ensuring that the platform can
act as a TRUSTworthy repository of modelling data and scenarios for TRANSIENCE and for all other projects
that use it. Second, we will publish all data, model-based scenarios, and publications developed in
TRANSIENCE in the Zenodo repository, which is expected to fulfil most of the requirements of the TRUST
principles.

Table 3. TRUST principles and examples of their applications

To be transparent about specific | - Declaring clear terms of use, both for the

repository services and data repository and for the data holdings.
Transparency : o - . o .
holdings that are verifiable by - Providing minimum digital preservation
publicly accessible evidence. timeframe for the data holdings.
- Adhering to the designated community’s
metadata and curation standards
To be responsible for ensuring - Providing data services e.g. portal and machine
the authenticity and integrity of interfaces, data download, or server-side
Responsibility data holdings and for the processing.
reliability and persistence of its | - Managing the intellectual property rights of
service data producers, the protection of sensitive
information resources, and the security of the
system and its content.
- Implementing relevant data metrics and
e e et e dera making these available to users.
management norms and - Providing (or contributing to) community
User focus

expectations of target user catalogues to facilitate data discovery.
communities are met

Monitoring and identifying evolving community
expectations and responding as required.

Planning sufficiently for risk mitigation,
business continuity, disaster recovery, and

succession.
- Securing funding to enable ongoing usage and
S inabili To sustain long-term services to maintain the desirable properties of the
ustainability and preserve data holdings data resources.

Providing governance for necessary long-term
preservation of data so that data resources
remain discoverable, accessible, and usable in
the future.

'3 https://iamparis.eu
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- Implementing relevant and appropriate
standards, tools, and technologies for data
management and curation.

To provide infrastructure and
capabilities to support secure,
persistent, and reliable services.

Technolo . : :
8y - Having plans and mechanisms in place to

prevent, detect, and respond to cyber or
physical security threats.

Note: The principles, requirements, and examples are reproduced from Lin et al. (2020).

2.3 Open-access publishing

Open-access publishing refers to the practice of making scientific publications available to the public under
well-defined conditions that permit access, reuse, redistribution, adaptation, and repurposing (UNESCO,
2022). This is usually enabled through appropriate open-access licences such as the ones provided by the
Creative Commons organisation'. The open-access movement has a long history and has been increasingly
popular during the last two decades. There are many successful examples of initiatives in multiple countries
that aim to support and finance open-access publications (especially when based in publicly funded
research) and transform the publishing model of scientific journals (Demeter et al., 2021). The European
Commission has also been part of this effort, providing guidelines for promoting open access to publications
and data stemming from EU-funded research (European Commission, 2017). Figure 2 shows the suggested
routes for disseminating research in the Horizon 2020 programme, promoting open access but also
providing flexibility to the researchers.

.
R Publications
e /, \ Decision to Green OA
Dissemination disseminate/ -
plan share -
S 5 Depositing
) research Ac::less
data and use
e Research free of
a results u charge <
Restricted
R
r Data Decision to ::fl?(sosr
management exploit / e
C plan protect —
<~
\S "/
h Patenting (or

other form of
protection)

Figure 2. Options for dissemination and exploitation of publications and data in Horizon 2020 projects, reproduced
from the European Commission (2017).

4 https://creativecommons.org
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Researchers in Horizon 2020 projects retained the right to exploit research results, e.g., through patenting;
however, if they wanted to disseminate their research, they needed to follow the open access rules of the
programme’®. Specifically, the Horizon 2020 programme would cover the costs for publishing scientific
articles in Gold Open Access (immediate open access to everyone) or at least Green Open Access (paywall
for some months or years), provided that researchers also released the accepted manuscript in an
institutional repository. Similar publication routes exist in the Horizon Europe programme (that funds
TRANSIENCE) although some of the rules are stricter than Horizon 2020. Most importantly, Horizon Europe
will not cover the costs of a publication unless it is published in a fully open-access journal (European
Commission, 2025), which is any journal that solely provides the Gold Open Access option and there is no
paywall for any of its hosted publications. Nevertheless, researchers can still publish in a hybrid journal that
has the Gold Open Access option, provided that the article processing charges (APCs) are paid by the
organisation affiliated to the corresponding researcher(s), usually through publishing agreements. A third
option is to publish in an open-access journal that does not charges APCs. An example is Open Research
Europe, a journal that was recently launched by the European Commission and is specifically designed to
host results from EU-funded research projects. All these options are also available for TRANSIENCE's
publications and are summarised in Table 4. A similar table has been included in the Data Management Plan
of the project (Deliverable D3.1) but without presenting the third option of Open Research Europe that is
discussed here.

Table 4. Open access publishing options for TRANSIENCE

Access type Funded by Fees Licenses
Publish in a fully Open Horizon Europe Grant Article Processing CCBY 4.0'8
Access journal Charges; ranging between
~200€ (e.g., Elsevier CC BY-NC-ND

Publish in a journal Publishing agreements Societal Impacts'®) to over | 4019
that has the option of | between the organisations | 10,000€ (e.g., Nature'?)
Gold Open Access of project partners and the

publishers
Publish in Open No funding required, Open | No fees
Research Europe or a Research Europe is free for
fully open access European Commission
journal that does not grant holders.
charge APCs?°

Note: The information for the table has been adapted from OpenAIRE?",

15 https://intellectual-property-helpdesk.ec.europa.eu/news-events/news/open-access-obligations-horizon-europe-what-are-cc-

licences-2021-11-15_en

16 https://www.elsevier.com/about/policies-and-standards/pricing
7 https://www.nature.com/nature/for-authors/publishing-options
'8 https://creativecommons.org/licenses/by/4.0/deed.en

19 https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en

20 https://doaj.org
21 https://www.openaire.eu/how-to-comply-with-horizon-europe-mandate-for-publications
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2.4 Open-source software

Closely related to the practices of open access, open source not only suggests that software should be open,
but that its source code should be open too. One of the most comprehensive definitions of open source has
been compiled by the Open Source Initiative (2025) and presented in Table 5. There are 10 criteria for
evaluating whether a software can be assumed as open source, including the provision of its source code
and requirements for its license, such as allowing free redistribution and clear terms for modifications and
derived works. Table 5 also includes examples of applications that have been selected to match potential
use cases in TRANSIENCE, such as creating a data processing script and publishing it as a Python package,
allowing it to be redistributed and imported by other programs.

Table 5. Definition of open source from the Open Source Initiative.

The license shall not restrict any party from
selling or giving away the software as a

Free redistribution | component of an aggregate software
distribution containing programs from several
different sources.

Using a Python package that is
shared with the MIT license?? for
developing a model and then
sharing the model.

The program must include source code and Sharing the source code in a
Source code must allow distribution in source code as well | GitHub repository along with a
as in compiled form. binary release (if applicable)?.

When forking a code repository
in GitHub as a starting point for

_ - your own software?4, Some
The_ license must allow modifications and licenses, such as GNU GPLv3,
Derived works dgrlyed works and must allow them to be specifically require users to use
distributed under the same terms as the the same license (strong

license of the original software. copyleft)?s while others, such as

the MIT license, are more
flexible.

For instance, the license used

The license may restrict source code from for the TeX software2 stipulates

Integrity of the being distributed in modified form only if the that the original code should not
author’s source license allows the distribution of “patch files” be modified and any further
code with the source code for the purpose of

change should be provided in

modifying the program at build time. the form of patches.

No discrimination
against persons or
groups

The license must not discriminate against any | Avoid restricting the use of a
person or group of persons. model to specific countries.

22 https://mit-license.org

2 https://docs.github.com/en/repositories/releasing-projects-on-github/managing-releases-in-a-repository
24 https://docs.github.com/en/pull-requests/collaborating-with-pull-requests/working-with-forks/fork-a-repo
25 https://choosealicense.com/licenses/gpl-3.0/

26 https://en.wikipedia.org/wiki/TeX
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No discrimination
against fields of
endeavour

The license must not restrict anyone from
making use of the program in a specific field
of endeavour.

Avoid restricting a model from
being used by businesses.
Practically, this means that
businesses should be allowed to
use the model but not sell its
use to others. Commercial
licenses can be provided based
on dual licensing?’.

Distribution of
license

The rights attached to the program must
apply to all whom the program is
redistributed to without the need to execute
an additional license by those parties.

Avoid closing the model by any
other means, e.g., a non-
disclosure agreement.

License must not
be specific to a
product

The rights attached to the program must not
depend on the program'’s being part of a
particular software distribution.

A Python package that is used
by a model (and thus distributed
by it) retains the same rights as
if it is used as a stand-alone
program.

License must not
restrict other
software

The license must not place restrictions on
other software that is distributed along with
the licensed software

The license cannot insist that
programs distributed on the
same medium must be open-
source software. Copyleft
licenses such as GNU GPLv3
stipulate that derived software
should use the same license and
does not apply to software that
just distributes the original
program.

License must be
technology-
neutral

No provision of the license may be predicated
on any individual technology or style of
interface.

Software can be redistributed
online or through non-Web
channels.

Note: The criteria and descriptions have been reproduced from the Open Source Initiative?®. The examples are
our own elaboration or adapted by the same source.

As with open-access publications, licensing plays an important role in open source too. Nevertheless, the
need to share the source code and its derivatives necessitate the use of other licenses than the ones used
for open-access publishing, as also recommended by Creative Commons?°. Figure 3 shows three typical use
cases in software development along with respective suggestions for appropriate licenses.

27 https://en.wikipedia.org/wiki/Multi-licensing
28 https://opensource.org/definition-annotated
29 https://creativecommons.org/about/software/
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Which of the following best describes your situation?

B N7y =

Ineedtoworkina I want it simple and I care about sharing
community. permissive. improvements.

Use the license preferred by the The MIT License is short and to the point. It The GNU GPLv3 also lets people do almost
community you're contributing to or lets people do almost anything they want anything they want with your project, except

depending on. Your project will fit right in. with your project, like making and distributing closed source versions.

distributing closed source versions.
If you have a dependency that doesn’'t have Ansible, Bash, and GIMP use the GNU
a license, ask its maintainers to add a Babel, .NET, and Rails use the MIT License. GPLv3.

license.

Figure 3. Screenshot from choosealicense.com presenting common use cases when sharing software

While hundreds of licenses exist to match different needs, licenses such as the MIT license3® and the GNU
GPLv33' are among the most popular. A variation of the GNU GPLv3 has been used for most of the
TRANSIENCE models, as shown in Table 6. The GNU AGPL 3.0% is a so-called strong copyleft license as it
allows others to modify the code as long as the modifications are released under the same or similar license.
The licenses used by the Products & Services (P&S) Database and the Life Cycle Assessment (LCA) model (CC
BY 4.0 and BSD 3-Clause, respectively) are much more permissive for re-use, as they only require retaining
the original copyright notice or credit the original developers.

Table 6. Open-source licenses and code repositories in TRANSIENCE models

OPEN- E3M Socioeconomic | GNU AGPL 3.032 https://github.com/e3modelling/OPEN
GEM impacts -GEM
P&S PSI Products & CCBY 4.0 https://zenodo.org/records/15517592
Database services
EU MFA WI & Material and GNU AGPL 3.032 https://github.com/wupperinst/transie

Fraunhofer | sectoral flow in nce-eu-mfa/

EU

ITOM Wi Industrial GNU AGPL 3.0*? https://github.com/wupperinst/itom

30 https://choosealicense.com/licenses/mit/

31 https://choosealicense.com/licenses/gpl-3.0/

32 https://www.gnu.org/licenses/agpl-3.0.html

33 https://creativecommons.org/licenses/by/4.0/legalcode
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transformation

optimisation
FORECAST | Fraunhofer | Industrial GNU AGPL 3.0*? https://github.com/fraunhofer-
-Sites technology isi/forecast-sites
diffusion
REMIND- PIK Global material | GNU AGPL 3.032 https://github.com/pik-piam/remind-
MFA flow and trade mfa
OPEN- E3M Energy system | GNU AGPL 3.0*? https://github.com/e3modelling/OPEN
PROM -PROM
LCA PSI Environmental BSD 3-Clause3* https://github.com/tomterlouw/Ica_tra

life cycle
assessment

nsience

Detailed model names: OPEN-GEM = Open General Equilibrium Model for Economy-Energy-Environment, P&S
Database = Product & Service Database, EU MFA = Material Flow Analysis for the European Union, ITOM =
Industry Transformation Optimization Model, FORECAST-Sites = Technology Diffusion Model in Energy-Intensive
Industries, REMIND-MFA = Regional Model of Investment and Development - Material Flow Analysis, OPEN-PROM

= Open Prometheus, LCA = Environmental Life Cycle Assessment Model.

34 https://opensource.org/license/BSD-3-clause
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3  Open science protocols for modelling activities

The development, testing, and use of the MIC3 model are among the core objectives of TRANSIENCE. Based
on the principles and guidelines presented in Section 2, this section outlines a first version of the protocols
that will guide all modelling activities of the project. The role of these protocols is to pinpoint open science
practices for each modelling activity and suggest examples and ways that these practices can be applied in
the project. For instance, the protocol operationalises the FAIR principles by suggesting modellers to upload
model data in Zenodo, provide them with a DOI, and include adequate metadata. In that sense, the protocols
of this deliverable are not the strict rules that their name implies, but more of checklists or guidelines,
providing an indication to modellers about entry points for open science in their work, while offering them
the flexibility to use the method or tool that best fits their model. Nevertheless, these initial protocols will
be discussed with all modelling teams during RP2 and adapted to reach a set of minimum practices that will
be used for all modelling processes in the project, as a form of quality assurance.

There are many ways to split the modelling process into different activities (Fisher-Vanden & Weyant, 2020;
McGookin et al., 2024). Here we divide modelling activities in TRANSIENCE into three main phases: model
development, model linking, and model use. These phases roughly correspond to the division of modelling
work in TRANSIENCE: during the first reporting period (RP1) modelling teams developed and enhanced the
open-source models which will be linked in RP2 to create the MIC3 open modelling framework and, in RP3,
used to analyse industrial transition scenarios at EU and Member State levels as well as in selected case
studies of industrial complexes. The protocol for each phase is presented in the following sections (Sections
3.1-3.3).

The protocols have been inspired by the protocols created in the IAM COMPACT project (Rodés-Bachs et al.,
2023, 2024) and were informed by studies that synthesised and enhanced recommendations from the
literature in terms of improving model development (Xexakis & Koasidis, 2025) and model linking (Keppo et
al., 2025). As these studies have only been recently completed, they have not yet been fully peer-reviewed
by external reviewers. Specifically, the IAM COMPACT protocols are currently in revision after a first round
of reviews in the Open Research Europe journal (Rodés-Bachs et al., 2025), Keppo et al. (2025) is under
review in the One Earth journal, while a paper based on the study of Xexakis & Koasidis (2025) is under
preparation. Nevertheless, all studies have been checked by multiple internal reviewers and co-authors; for
instance, the study of Keppo et al. (2025) focusing on model linking includes 20 co-authors with many
relevant publications on the topic. Still, we plan to closely follow the revisions in these studies and update
the protocols as needed.

3.1 Protocol for model development

This protocol refers to activities that are essential for developing a new model, such as coding, managing
data inputs, and writing documentation. Additionally, it includes activities that can directly affect
development, such as eliciting modelling requirements from stakeholders and fostering a collaborative
environment where the wider modelling community can suggest changes and improvements. The protocol
is inspired by the study of Xexakis & Koasidis (2025) on software engineering practices that can be used to
improve integrated assessment modelling, including many practices that relate to open science.
Additionally, recommendations in terms of model documentation are based on the open science protocols
used in the IAM COMPACT project (Rodés-Bachs et al., 2024). The full checklist of the IAM COMPACT protocol
and the practices explored in Xexakis & Koasidis (2025) are shown in the Appendix.
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Table 7 shows the protocol for model development in TRANSIENCE. Examples of relevant practices include
sharing the model code and updates in GitHub, sharing data through the TRANSIENCE community in
Zenodo?*, and documenting the model in a Read the Docs website and in the IAM PARIS platform. Some of
these suggestions have been already implemented upon the submission of this deliverable report, such as
the creation of public GitHub repositories for all modules of MIC3 (see Section 2.4). Other suggestions will
be implemented during Phase 2 of TRANSIENCE, such as the creation of Docker images for facilitating model

runs.

Activity

Elicit modelling
requirements

Table 7. Protocol for ensuring open science in model development

Open science

practices

Document the
stakeholder elicitation
process and its results.

Suggestions for TRANSIENCE

Details of stakeholder workshops and interviews and the
resulting research questions documented in an open

access publication (already done in D2.23°).

Code the model

Share model code.

- Create a dedicated GitHub repository to share each
model (already done in RP1 for all modules of MIC3).

- Provide links to the code repository in the project website
and the IAM PARIS platform?’.

- Share every new model version as a GitHub release3®.

- Link the repository with Zenodo3° to get DOlIs for every
release.

Document the
model

Document main inputs,
outputs, assumptions,
equations, and
differences between
model versions.

- Document the model in the IAM PARIS platform, based
on a specific template (see an example of a filled template
here??). The final template for TRANSIENCE will be
developed in the context of Task 7.3.

- Provide a summary of the documentation on GitHub.

- if preferred, create a detailed Read the Docs website (see
an example for the MARIO software*).

Share case studies and
tutorials for the model.

Share through publications (deliverables, scientific papers)
or through a Read the Docs website.

Manage data

Document (and share)

-Use the data template provided by the Integrated

35 https://zenodo.org/communities/transience/

36 https://zenodo.org/records/14751081

37 https://iamparis.eu/detailed_model _doc/30

38 https://docs.github.com/en/repositories/releasing-projects-on-github/managing-releases-in-a-repository

3 https://docs.github.com/en/repositories/archiving-a-github-repository/referencing-and-citing-content

40 https://i2am-paris.eu/static/excel_files/I2AM%20PARIS_documentation_template. GCAM.xIsx

41 https://mario-suite.readthedocs.io/en/latest/intro.html
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inputs

data inputs.

Assessment Modelling Consortium (IAMC)#2.

- Upload input datasets in Zenodo (and link them to the
TRANSIENCE community*®) and provide some basic
metadata (authors, version, release date, etc.).

- If input datasets are not open access, find alternative
datasets that are open or explore ways to publicly share
them, e.g., using pre-built binary files.

- Ideally, provide more detailed metadata, e.g., using the
metadata format used in the IPCC scenario databases**
or the metadata templates used in the project's Data
Management Plan in ARGOS* (managed by ICCS).

Share data processing
scripts.

Store data processing scripts in GitHub, ideally in the same
repository as the model.

Foster
collaboration

Provide a space for
new model users to
ask questions and
provide suggestions.

Use the Issues functionality in the GitHub repository for
each model“®.

Deploy the model

Document
dependencies and
requirements.

-Document the main system requirements (e.g., CPU,
RAM, disk space, operating system) in the README of the
model repository on GitHub.

-Document dependencies in the same way and, if
possible, use a standardised format or an automation
software (e.g., using a pyproject.toml file or the Poetry
package in Python-based models#’)

Share a deployable
image of the model.

- Create a Docker image that automates code deployment,
downloads dependencies, and provisions the right
system requirements.

- The Docker image can be then shared in DockerHub* to
allow anyone to easily run their model in their computer
or server.

42 https://pyam-iamc.readthedocs.io/en/stable/#timeseries-types-data-formats

43 https://zenodo.org/communities/transience/

4 https://pyam-iamc.readthedocs.io/en/stable/data.html#meta

4 https://argos.openaire.eu/explore-plans/overview/public/30df1ce9-5077-4f28-bfdc-31902af8d910

46 https://docs.github.com/en/issues

47 https://python-poetry.org
48 https://hub.docker.com
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3.2 Protocol for model linking

The protocol divides the model linking process into three major activities: a first preparatory phase where
modellers need to reconcile the different assumptions, drivers, and spatial and temporal granularities of
the models that need to be linked; a second phase where all input data are harmonised; and a third phase
where the linking is implemented through software development and data exchange routines. This division
roughly corresponds to the structure of a similar checklist by Keppo et al. (2025) that was used to guide
modellers through important considerations in the model linking process. Here we adapt and expand the
recommendations of the checklist that relate to open science such as sharing a full mapping of assumptions,
drivers, and epistemic foundations of the models. Table 8 presents the full protocol along with practical
details on applying it in TRANSIENCE.

Activity

Table 8. Protocol for ensuring open science in model linking

Open science practices

Suggestions for TRANSIENCE

Assess modelling
assumptions

Describe interaction mechanisms
between models.

Create a figure showing all interactions
between the models, e.g., using a Unified
Modelling Language (UML) diagram®’. See
Fujimori et al. (2024) for an example.

Providing a full mapping of
assumptions, drivers, and epistemic
foundations for the models to be
linked.

The mapping can be documented in an
Excel file (to be shared through Zenodo) or
in a related publication (deliverable report,
scientific paper).

Document any method used to
reconcile the spatial and temporal
granularity of the models (downscale
or upscale).

Document in a related publication as above
and, ideally, share the scripts used for data
downscaling or upscaling.

Harmonise Document modifications to the inputs | Document in a related publication (as
inputs and the rationale behind them as well | above).
as any other assumption related to
the harmonisation process.
Share the harmonised inputs. Share the harmonised datasets in Zenodo
(and link to the TRANSIENCE community).
Establish Use standardised data templates and | Use the IAMC template for all data transfers

interconnections

automation processes to establish the
links between the modules.

between the models. Facilitate data

processing through community tools such

49 https://miro.com/diagramming/what-is-a-uml-diagram/
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as pyam®® or nomenclature>'.

Document (and share) model versions
used in the interconnection.

Create a release in the GitHub repository of
each model to specify the model version
used in the interconnection.

Share scripts, APIs, or other tools used
for establishing the links.

Create a separate GitHub repository to
share all scripts used to establish the
interconnection.

Share a tutorial or a case study to
illustrate the linking.

Add the tutorial in the same GitHub
repository as with the interconnection
scripts and/or share it in the publication
describing the interconnection.

Share a deployable image of the
interlinked models (optional).

Create a Docker image encapsulating all
models,
dependencies, and
Docker image can be then shared in

system requirements,

linking scripts. The

DockerHub®? to allow anyone to run the
interlinked models in their computer or
server.

3.3 Protocol for model use

The final protocol refers to activities related to the use of model for scenario modelling and other exercises.

For instance, it includes advice on how to standardise model outputs, how to visualise them, and how to
validate modelling inputs and outputs and share the results of this validation to enhance transparency and
improve confidence in the results by the users. The division of modelling activities and the related open
science practices are mostly based on the open science protocol of the IAM COMPACT project (Rodés-Bachs
et al., 2024). Examples of these practices include standardising data templates using the IAMC data format>3,
using an interactive tool for validating modelling data and scenario results based on and further enhancing

the vetting process of IPCC AR6, and visualising modelling results in the IAM PARIS platform.

0 https://pyam-iamc.readthedocs.io/en/stable/

1 https://nomenclature-iamc.readthedocs.io/en/stable/

52 https://hub.docker.com

3 https://pyam-iamc.readthedocs.io/en/stable/#timeseries-types-data-formats
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Phase

Output
Standardisation

€ TRANSIENCE

Table 9. Protocol for ensuring open science in model use

Open science practices

Standardise model outputs
according to an established
template.

Suggestions for TRANSIENCE

Use the IAMC data template>3.

Model validation

Validate the first model period
against observed data; alignment
checks of key inputs and outputs,

such as demand and supply.

Use the model validation methods suggested
in Wilson et al. (2021). The results of the
validation can be shared in a relevant
deliverable report or scientific publication to

enhance the transparency of the model runs.

Validate results based on the vetting
process of IPCC AR6.

Use the vetting tool provided by IAM PARIS>4,
As part of WP7, this tool will be further
customised to the needs of the project's
models (e.g., add more detailed variables for
industrial sectors). See an example of such
project-specific tool for the IAM COMPACT
project>>. The results of the vetting can also
be downloaded and documented along with
the rest of validation activities.

Model Output
Upload

Storage of raw output and study-
specific
location with a DOI.

results in an accessible

Store both raw and processed outputs in
Zenodo.

Share analysis code.

Create a dedicated GitHub repository for the
analysis of the scenario study and link it to
the data in Zenodo.

Visualisation
Tools

Provide comprehensive figures to
illustrate the results.

Share the figure creation code in the GitHub
repository for the study (see above).

Development of user-friendly
visualisation tools  for  easy
exploration of outcomes.

Upload results in IAM PARIS platform>¢. A
detailed tutorial on how to do this will be
prepared within 2025.

54 https://validation.i2am-paris.eu

%5 https://validation.iam-compact.eu

% https://iamparis.eu/results
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4  Ontologies for data sharing

4.1 Ontologies in science

Ontologies are used to describe and represent a shared understanding of domain knowledge and consist
of concepts and relationships between them. Formal axioms are used to constrain the interpretation and
well-formed use of the defined concepts (Hadzic et al., 2009). Terms are used to designate the concepts and
the relationships in the universe of discourse (Gruber, 1993). Essentially, every scientific field has its own
ontology.

Researchers may need to design a common ontology for various reasons (Gruber, 1993):

e common understanding of the domain knowledge (knowledge within a community of people
committed to a common goal);

e sharing domain knowledge;

e reusing domain knowledge;

e analysing domain knowledge;

e separation of domain knowledge from operational knowledge;
e making domain assumptions explicit.

In a scientific project context, in order to communicate effectively, researchers, stakeholders, software
applications, and other agents (such as automated systems that act independently), need to have a common
and shared understanding of the terms used in communication. This requires using the same ontology, so
that all parties interpret the information in the same way.

Ontologies reflect how a community understands a particular part of the world. All members of a community
(such as a scientific project community) must agree on the meaning and representation of the knowledge
that is included in the ontology. Definitions can only be added only if there is consensus. No individual can
change the ontology based on their personal preference. When a community commits to an ontology, they
can use it to share, reuse, and apply knowledge more effectively (Hadzic et al., 2009).

Ontological commitment refers to the agreement on the meaning of the concepts and their relationships
within an ontology (Gruber, 1993). When someone or something (a researcher, system, or agent) commits
to an ontology, they agree to use the shared vocabulary in a coherent and consistent manner. This includes
accepting the rules, constraints, and definitions that are part of the ontology.

Communities can also adopt ontologies developed by others. Several communities may agree on a general
ontology with broader terms and fewer constraints, and then develop more specific ontologies based on it
(Hadzic et al., 2009). An example of different ontologies between scientific domains is shown in Figure 4.
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Figure 4. Meaning of ontology in two different contexts, reproduced from Hadzic et al. (2009)

The basic properties of an ontology in the context of computer science and data interoperability are the
following (Hadzic et al., 2009):

* They describe a specific domain.
+ Ontology users agree to use the ontology terms consistently.

+ Ontology concepts and relations are unambiguously defined in a formal language using axioms and
definitions.

* Relationships between ontology concepts determine the ontology structure e.g. hierarchical or non-
hierarchical. The generalisation/specialisation relationship (i.e. “is-a” relationship) between two
concepts is an example of a hierarchical relationship between concepts.

* They can be understood by computers.

Based on these properties, two important functions of ontologies are the following:
1. They enable project ecosystem’s agents to work cooperatively and communicate with each other.
2. They make the available information more accessible to automated agents (Hadzic et al., 2009).

When different systems are based on the same ontology, they can extract, analyse, and use information
from each other more easily. Describing web content in a machine-understandable way makes online
information more accessible to automated tools (Horrocks, 2002). An ontology usually has a hierarchical
structure and defines domain concepts and their properties. It is a collection of shared and precisely defined
terms that can be used to describe content in a way that computers can understand. This makes information
easier to find, access, and use effectively (Hadzic et al., 2009).
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4.2 Ontologies in TRANSIENCE

In the TRANSIENCE project, we will create and share ontologies to document the key elements of the
research process, including variables, parameters, concepts, and assumptions used in the modelling
activities of the project. The goal is to build a common and structured vocabulary that can be used by all
members of the project and by the wider research community. As part of our commitment to open science,
these ontologies will enable researchers within the TRANSIENCE project, as well as external stakeholders
and the global research and modelling community, to share, analyse, evaluate, and apply the project’s
produced knowledge in a consistent and transparent way. A first discussion on ontologies has already taken
place in the RP1 of TRANSIENCE. The remainder of this section—as well as Section 4.3—summarises some
initial points that were discussed.

These ontologies are being designed to cover the basic concepts used in the project, with the goal to support
knowledge sharing, improve transparency, and enable interoperability between different models, datasets,
and research teams. The first phase of creating the project's ontology involves identifying the key concepts
and relationships that arise in the project's domain. This includes the variables and parameters used in the
models, the assumptions made in scenario design and building, and the key terms that describe these
processes and their results. Where needed, the project will build on existing ontologies and standards to
ensure alignment with the broader research community and to ensure interoperability. A fundamental
example is the use of IAMC standards for variable and parameter nomenclature by the modelling teams.

The ontologies will be implemented in formal languages like the Web Ontology Language (OWL)>’ or the
Resource Description Framework Schema (RDF)*® so they can be processed by machines. The
implementation can be facilitated by appropriate tools like Python libraries rdflib>® and owlready2 as well
as Protégé® for a more visual approach. The concepts, relationships, and rules will be clearly defined
through formal axioms to ensure their consistent use. The final ontologies will be published with full
documentation, and made openly available to the wider community, following open science principles. This
will support their reuse, adaptation, and further development by other researchers and stakeholders. In this
way, TRANSIENCE will enhance its transparency and the reproducibility of its research outputs and will
contribute to a more open and interoperable knowledge base in the project's domain.

4.3 Example of ontology in TRANSIENCE’s modelling data

We provide an indicative example of transforming TRANSIENCE domain knowledge into a machine-readable
ontology structure. Table 10 showcases an example (sub-set) of the variables used in the TRANSIENCE
models based on the IAMC template. The information is provided from the project’'s modelling teams and,
although still under heavy development, it enables the creation of a basic ontology structure in OWL. Initially,
an Excel file with a table similar to Table 10 is parsed into a YAML file that can be used for variable and
parameter assessments such as the ones enabled through IAMC's nomenclature package®?. We then
transform the YAML file into an OWL file (see example in Figure 5), that will be ready to support semantic
reasoning and rich relationships. The processing script and the current datasets in Excel, YAML, and OWL

57 https://www.w3.0rg/OWL/

%8 https://www.w3.0rg/2007/OWL/wiki/RDF-Based_Semantics
%9 https://rdflib.readthedocs.io/en/stable/index.html

60 https://owlready?2.readthedocs.io/en/latest/

61 https://protege.stanford.edu

62 https://nomenclature-iamc.readthedocs.io/en/stable/
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formats can be found in a dedicated repository on GitHub®3.

Table 10. Example of variable and parameter data from TRANSIENCE models

Type Name Unit Definition
parameter_input Material intensity|[material]|[car type] | kg/car | Materialintensity passenger cars
Stock|Buildings | [building types]|[age | m2 Building stock development
cohort]
Stock| Cars|[car types] car Passenger car inflow
parameter_output | Production|Clinker t/yr Clinker production
Production | Plastics|[Product t/yr Plastics production
categories]
Production|Steel|[Product categories] | t/yr Steel production
variable Capacity| Electricity GW Total installed (available) capacity of
all operating power plants
Capacity| Electricity | Hydro GW Totalinstalled (available) capacity of
hydropower plants.
Capacity| Electricity | Wind GW Total installed (available) capacity of
wind power plants (onshore +
offshore).
Capacity| Electricity | Solar | PV GW Total installed (available) capacity of
solar PV power plants.

¥ awlThing
v-- ) Parameter
¥ (0 Parameterinput
-0 Consumption change|[demand sectors]
Decoupling|[demand sectors]
Material intensity|[material]|[building type]|[age cohort]
Material intensity|[material]|[car type]
Stock|Buildings|[building types]|[age cohort]
. - Stock|Cars|[car types]
v-- ) ParameterQutput
- Qutflow|Plastics|Recyclate|[Types]
Outflow|Steel|Scrap|[Types]
Production|Cement
Production|Clinker
Production|Plastics|[Product categories]
- Production| Steel|[Product categories]
¥+ Variable
- () Capacity|Electricity
Capacity|Electricity|Biomass|w/ CCS
Capacity|Electricity|Biomass|wio CCS
Capacity|Electricity|Coallwi CCS
Capacity|Electricity|Coallwio CCS
Capacity|Electricity|Gas|wi CCS
Capacity|Electricity|Gas|wio CCS
Capacity|Electricity|Hydro
Capacity|Electricity|Hydrogen
Capacity|Electricity|Nuclear
Capacity|Electricity|Qiljw/ CCS
Capacity|Electricity|Qiljwio CCS
Capacity|Electricity| Solar|CSP

Figure 5. The OWL file tree of the TRANSIENCE project's nomenclature example visualised using the Protégé software.

63 https://github.com/i2amparis/transience_open_science
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5 Next steps

Building on the TRANSIENCE Data Management Plan, this report explores open science principles beyond
data sharing and provides practical examples to support their implementation in the project. As emphasised
in the introduction, this report does not aim to present an extensive literature review of open science
practices but provide practical, hands-on guidelines for the project consortium to follow in their research
activities. Since modelling activities form the core of the project, this report provides detailed protocols for
model development, linking, and use as well as an application of ontologies to support data sharing. While
the first phase of TRANSIENCE included the first set of upgrades of each individual module of TRANSIENCE,
the protocols and ontologies will be mostly useful in the second and third phase of the project where the
upgraded individual models will be finalised, tested, adapted, and linked together to form the MIC3 model,
which will also be, subsequently, tested in different case studies and scenario design assumptions. These
phases will also include most of the publications and data that will be produced by the project, making open
science practices especially relevant.

The open science protocols and ontologies will be further updated later in the project based on the feedback
and experience of the modelling partners in the context of Tasks 7.1, 7.3, and 11.1 and documented in the
respective deliverables (D7.1, D7.2, and D11.2). As model linking will be critical for creating the
interconnected MIC3 model, the protocols will be enriched with more detailed information about the
development of application programming interfaces (APIs) to facilitate these links and the packaging of
models and their system requirements in Docker images. The ontology will also be further expanded to
include all input and output data from the individual models, facilitating the mapping of the different data
transfers that need to take place in MIC3. Additionally, we will aim to standardise and disseminate the
TRANSIENCE protocols and ontologies as much as possible to make them useful and usable by modellers
beyond TRANSIENCE, e.g., by publishing them in scientific publications and creating spreadsheet-like
checklists. Finally, in consultation with the project partners of WPs 8 and 11, we may create additional
protocols to cover data sharing related to stakeholder activities; for instance, how to share workshop
minutes, transcripts of interviews, or any other raw data from stakeholder interactions that goes beyond
reporting results in scientific publications.
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7  Appendix

7.1 Software engineering practices for modelling development

Table 11. Software engineering practices, reproduced from Xexakis & Koasidis (2025)

Versioning and

Model development Documentation Evaluation ' Deployment
collaboration

Requirements Conceptual ) ) Dependency
) ) ) Code testing Version control
Engineering documentation management
System
Practices for data . —— : y
i Code documentation Model validation Issue tracking requirements
processing
management
Programming . .
. . Continuous Open-source Continuous
paradigms, patterns, | Data documentation ) )
integration development deployment
and standards
Development Tutorials and case
lifecycle models studies
Practices for
refactoring and
adding new features
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7.2 Open science protocol used in the IAM COMPACT project

Model and data documentation process

3%,

Model interconnections Input harmonization
documentation documentation

Model documentation
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Open management of project outcomes ‘-“:-
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Figure 6. Open science protocol used in IAM COMPACT, reproduced from Rodés-Bachs et al. (2024)

Protocol checklist, reproduced from Rodés-Bachs et al. (2024

1) Model and Data Harmonisation Process.
a) Model Documentation.
0 A dedicated platform for model documentation, including:
[ Details of inputs.
[ Details of outputs.
[0 Details of assumptions.
[0 Details of equations.
[0 Details of model versions.
0 Assignment of a DOI to model release versions.
b) Model Interconnections (if applicable)
0 Adedicated section in the paper detailing:
[0 Interaction mechanisms between models.
[ Inputs and outputs of the interconnections.

0 Assumptions specific to the interconnections.

Page 27

Funded by f}\ PROCESSES PLANET
(C‘)

the European Union Q



D3.8 - Open science protocols é_}) TRANSI ENCE

[0 Model versions used.
¢) Input Harmonisation (if applicable).
0 A dedicated section in the paper detailing:
[0 Specific modifications to the inputs and the rationale behind them.
[ Assumptions related to the harmonisation process.
0 Model versions used.
O Pointer or citation to the specific modified model version, if applicable.
2) Open Management of Project Outcomes.
a) Output Standardisation.
0 Standardisation of model outputs according to the time-series data template.
b) Vetting Procedure.
0 Validation of the first model period against observed data.
0 Alignment checks of key outputs, such as demand and supply.
¢) Model Output Upload.
O Storage of raw output in an accessible location.
0 Storage of study-specific results in an accessible location.
O Availability of analysis code and figure creation code.
0 Availability of metadata detailing data origin and handling process.
0 Assignment of a DOI to the model outputs and analysis code.
d) Visualisation Tools.
0 Provision of comprehensive figures to illustrate the results.

0 Development of user-friendly visualisation tools for easy exploration of outcomes.
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