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W3C WoT World Wide Web Consortium Web of Things

WG Working Group
EXECUTIVE SUMMARY

Over this last year, the BRIDGE Working Group on Consumer and Citizen Engagement (WG CCE) has worked on
expanding knowledge and producing recommendations on how citizens can be better integrated into European
energy developments.

The work of its three Subgroups Strategies of Engagement, Smart Tools, and Indicators of Engagement provides
converging evidence that the energy transition and Al-enabled energy systems are fundamentally socio-technical
transformations, where technological progress must be matched by social readiness, trust, governance capacity
and inclusive engagement.

Subgroup on Strategies of Engagement (SoE SG)

The work of the SoE SG highlights the need for a systemic shift in how engagement, capacity building and inclusivity
are conceptualised and implemented in EU energy projects. Engagement must be understood as a continuous,
iterative process of co creation across the entire project lifecycle, rather than a one-off activity. Co-creation enables
end users to actively contribute their knowledge, experience, local context, skills, social networks and other assets,
making engagement more meaningful and effective. Trust, particularly when mediated by locally embedded actors,
is identified as a key enabler of participation, while barriers such as privacy concerns, technological complexity,
recruitment and retention challenges, and representation gaps continue to limit inclusion.

Inclusivity must be seen not as a structural requirement but as an operational, context-sensitive practice that must
reflect local conditions and user diversity. Financial incentives alone are insufficient; alignment with users’ values,
needs and everyday realities is equally important. Capacity building emerges as a continuous co-learning process
that supports long-term acceptance and sustainability.

The findings also reinforce the idea that barriers to Al-enabled energy solutions are primarily social and
organisational rather than technological. And social acceptance indeed evolves dynamically through trust,
transparency and user experience.

Social readiness (making society ready for the adoption of new technologies) can be a concept that might increase
technology uptake in the future.

This concept is increasingly acknowledged in the European landscape, but remains uneven due to differences in
awareness, digital literacy and willingness to engage. Al adoption is strongly shaped by concerns over data
governance, ethics, transparency and perceived control, highlighting the importance of explainability and user-
centred design.

Subgroup on Smart Tools

The Smart Tools SG confirms that smart tools are now essential infrastructure for participatory and decentralised
energy systems. Evidence from tool inventories and project work shows increasing technological maturity, with
many tools operating at high TRL levels and being tested in real environments.

However, Al integration is accelerating faster than ethical and governance readiness. Trust and privacy remain the
most significant user concerns, while preparedness for EU Al Act compliance is still limited across many projects.
This highlights that sustainability, transparency, explainability and privacy-by-design are no longer optional but
mandatory for adoption and compliance.

7
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The SG further emphasises that early user engagement, iterative development and standardised data practices
significantly improve outcomes, reinforcing earlier findings from engagement research. Digital twins (DTs) are
evolving into active decision-making systems, while natural language interfaces (NLIs) are becoming critical for
bridging technical systems and citizen engagement. At the same time, semantic interoperability remains a key
bottleneck, making early alignment on standards and data models essential.

Cross-project collaboration and shared infrastructure such as the Knowledge Hub are identified as critical
mechanisms for scaling innovation, reducing duplication and supporting compliance. Overall, the SG confirms that
successful deployment of smart tools depends not only on technological innovation but also on ethical governance,
interoperability, user-centred design and coordinated ecosystem development.

Subgroup on Indicators of Engagement (loE SG)

The loE SG demonstrates that engagement in the energy transition is a complex, multidimensional and evolving
phenomenon that cannot be adequately captured through purely quantitative or isolated metrics. Effective
measurement must integrate behavioural, emotional, social, relational and contextual dimensions while remaining
comparable and actionable across projects.

A key insight is that indicators are not neutral instruments but reflect underlying theoretical assumptions and
definitions of what constitutes “successful engagement.” This necessitates greater conceptual clarity alongside
methodological development. The SG highlights the importance of combining conceptual thinking with empirical
validation, including mixed-method approaches, behavioural indicators and experimental designs.

The work also confirms the need to clearly distinguish between related concepts such as social acceptance,
participation, adoption, trust and behavioural engagement, as ambiguity in terminology limits comparability and
learning. Engagement processes are shown to be dynamic and longitudinal, requiring adaptive and time-sensitive
measurement approaches rather than static assessments.

Overall, the SG reframes indicators not merely as reporting tools, but as strategic instruments for improving project
design, supporting policy development, enhancing societal readiness and enabling a more inclusive and democratic

energy transition.

Cross-cutting conclusion

Across all three subgroups, a consistent narrative emerges: technological innovation alone is insufficient without
parallel advances in trust-building, social and societal readiness, inclusivity, governance and shared methodological
frameworks. The findings collectively support the need towards a citizen-centred, ethically governed, and
interoperable European energy innovation ecosystem, where co-creation, engagement, smart tools and indicators
are mutually reinforcing components of system transformation.

8
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1 INTRODUCTION

The BRIDGE Consumer and Citizen Engagement Working Group (CCE WG) functions as a central platform for the
development and exchange of insights into citizen and stakeholder engagement in the European Research and
Innovation R&I energy sector, with particular attention to Horizon-funded initiatives. Over time, the WG's priorities
have adapted in line with evolving policy frameworks, emerging sectoral challenges and the shifting expertise of its
members. Building on this diversity of perspectives, the present report is designed as a comprehensive reference
for both researchers and practitioners. It brings together a range of insights and approaches, highlighting best
practices, forward-looking methodologies and practical recommendations. Beyond serving as an informative
resource, the report seeks to stimulate new ideas and foster collaboration, ultimately supporting evidence-based
decision-making across related initiatives. By drawing on multidisciplinary contributions, it aims to advance both
research and implementation in the field.

During the 2025-2026 reporting period, the CCE WG placed particular emphasis on the concept of empowerment
within the energy transition. Increasingly, individuals are not only positioned as market participants, but also as
citizens seeking a more active role in shaping decisions and taking part in the energy market. This shift is reflected
in European policy priorities, which promote an energy transition that is inclusive, equitable, and sustainable.
Accordingly, these themes guided the WG's activities in 2025. In parallel, the rapid and widespread adoption of
artificial intelligence has emerged as a key area of attention. The WG explored how Al-driven tools may influence
citizen engagement practices, while also assessing the potential risks and challenges associated with their use.

9
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2 KEY TOPICS DISCUSSED IN 2025

2.1 Overview of the WG subgroups

In 2025/26, the CCE WG continued to work according to the already well-established three sub-groups from the
previous reporting periods:

e Indicators of Engagement
e Strategies of Engagement
e Smart Tools for Engagement

The CCE WG subgroups are voluntary, and each has facilitators who are the main contact for the group, named sub-
group leader. Each subgroup investigates a different dimension of consumer and citizen engagement. Below are
the topics investigated by each subgroup:

Table 2.1: Research focus of each CCE WG subgroup

Subgroup Main focal points in 2025
[—&>)] ) To collect qualitative and quantitative e  Projects' experiences
Indicators of . . - .
=5=)] Engagement indicators to assess consumer e  Commonalities of key indicators (ontology primer)
CH=)] engagement over time e  Benefits and challenges of data spaces
Straterios of Todgatlhfer the stratfgles, metlhod.;abnd e Methods and tools of engagement
7 nderlyin mptions em . o . .
ategles o unde y,' g assumptions employed by e  Capacity building, user engagement and inclusivity
Engagement the projects to engage consumers and . i i i
citizens e  Social acceptance, social readiness and Al adoption

e Analysis of strategies to engage consumers in the design
and use of tools
e  Replicability of smart tools, identification of specific
regulatory and human-related replicability barriers,
To collect a list of smart tools to target specific recommendations for addressing these.
Smart Tools for . .
@ RN consumers and the approaches to . Integratl.on .of Al and .ethl.cal frameworks
development and use e  Harmonisation of design innovation approaches
e  Methods for addressing security issues of the tools, such
as cybersecurity and privacy
e  Creation of an automatic and structured version of the
Knowledge Hub

2.2 Methodology of work

To gather information from BRIDGE projects, the CCE WG directs each subgroup to determine the most appropriate
approach for achieving research objectives. This strategy ensures that the necessary data is collected to fulfil the
CCE WG’s desired outcomes. Among these approaches the following have been implemented:

e Literature reviews

e Facilitated expert discussions in small groups

e Best practice examples from BRIDGE projects

e Surveys among BRIDGE projects to identify common strategies and gaps

10
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The projects that contributed to the above are listed in

Table 2.2:

Table 2.2: Projects involved in each CCE WG subgroup

INDICATORS OF
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STRATEGIES OF ENGAGEMENT

SMART TOOLS

ENGAGEMENT
AdvanSIC OPENTUNITY
BeFlexible PV4PLANTS

BlueBird RESCHOOL
CALECHE SENERGY
NETS
Communitas
SINNOGENES
DRIVE2X
SUPERSHINE
DYMAN
SYNERGIES
EBENTO
U2Demo
ECLIPSE
WHEEL
EoLO-HUBs
EU-DREAM
EVELIXIA
FLOW
int:net
i-STENTORE
MAESHA

MultiFutures

NEVERFLAT

O-CEI

ODEON

2LIPP

AHEAD

AIR4NRG

BD4NRG

BeFlexible

BlueBird

CALECHE

CELINE

Communitas

DATA CELLAR

DECODIT

DEDALUS

DR-Rise

DRIVE2X

DYMAN

EBENTO

ECLIPSE

EFort

ELECTRON

ENFLATE

EoLO-HUBs
EU-DREAM
EVELIXIA
Everyl
FlexChess
FLOW
GLocalFlex
Hycool_IT
INDEPENDENT
InterOPERA
i-STENTORE
LocalRES
MARINEWIND
MultiFutures
NEVERFLAT
O-CEI
ODEON
Opentunity
PARMENIDES

PEDvolution

PV4PLANTS

REEFLEX

RESCHOOL

RESONANCE

ROBINSON
H2020

SENERGY
NETS

SERENE

SINNOGENES

STREAM

STUNNED

SUPERSHINE

SYNERGIES

THUMBS-UP

U2Demo

WEDUSEA

WHEEL

CALECHE
Communitas
CRETE VALLEY
DIGITISE
EBENTO
ENERGETIC
ENPOWER
EU-DREAM
EVELIXIA
FLOW
GLocalFlex
Hycool_IT
INDEPENDENT
INTELLIGENT
InterOPERA
InterSTORE
META BUILD
MOPO
MultiFutures

NEVERFLAT

O-CEI

ODEON

PEDvolution

PV4PLANTS

RESONANCE

SYNERGIES

U2Demo

The specific methodological approach followed by each subgroup is described in the respective subgroup chapters.
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3 STRATEGIES OF ENGAGEMENT

Subgroup leaders: Valeria Palladino (EU-DREAM), Takis Ktenidis (University of West Attica), Yamina Guidoum
(AIR4ANRG).

3.1 Overview of member projects and survey insights

The SG SoE aims to explore and evaluate effective methods for involving stakeholders in EU R&! initiatives. It
pursues two primary objectives: first, to gather insights and practical knowledge from member projects on shared
priority topics; and second, to translate these experiences and common challenges into actionable
recommendations for both the group and the European Commission (EC).

In 2025, the SG concentrated on different thematic areas, including “capacity building, user engagement and
inclusivity” and “social acceptance, social readiness and Al.” These priorities were identified through collaborative
discussions among SG and WG members, ensuring alignment with EC guidance. Initial topics were mapped at both
SG and WG levels, and then presented to the wider community during the BRIDGE General Assembly (GA) in March
2025, where an extensive list of ideas was endorsed. This list was subsequently streamlined during the first WG
meeting in May 2025.

To better understand current practices, priorities and challenges related to stakeholder engagement, the SoE SG
moreover conducted a survey among its member projects. The survey collected 32 responses from 31 BRIDGE
projects, providing a robust empirical basis for analysing engagement practices across diverse technological, social
and geographical contexts within the European energy transition.

The responding projects reflect the diversity of the BRIDGE portfolio, covering areas such as smart grids, energy
systems and storage, demand response, interoperability and energy communities.

Across most projects, stakeholder engagement is recognised as a key component for achieving project objectives.
It is considered essential for enabling user participation, fostering trust and supporting the uptake and long-term
adoption of innovative energy solutions. This reflects a broader shift within the BRIDGE community towards
recognising the central role of social dimensions in the energy transition.

The survey results indicate that a clear majority of projects are actively working on methods and tools for
stakeholder engagement, making this the most mature and widely implemented area (Table 3.1).

Table 3.1: Key engagement topics across surveyed BRIDGE projects

Topic Approximate Share of Projects

Methods & tools for engagement 60-70%
Inclusivity / energy poverty 30-35%
Al in engagement 20-25%

In contrast, emerging topics such as the use of artificial intelligence (Al) in engagement and the integration of
inclusivity remain less widely developed. Approximately one quarter of projects report activities related to Al, while
around one third address inclusivity or energy poverty-related aspects. This distribution highlights differences in
maturity across thematic areas and points to the need for further development in emerging fields.
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Engagement objectives are also evolving. Beyond traditional communication and dissemination activities, projects
increasingly aim to foster active participation, support behavioural change, raise awareness and involve
stakeholders in co-creation processes.. This shift towards more participatory and user-centred approaches reflects
a growing recognition that engagement is not only a means of communication, but a key driver of project success
and of ensuring that innovative energy solutions meet users’ needs, concerns and challenges.

At the same time, the survey reveals several persistent challenges. Projects report difficulties in sustaining
stakeholder engagement over time, particularly beyond initial phases of implementation. Digital and technical
barriers, including limited digital skills and the complexity of tools, also affect participation. In addition, the use of
Al remains limited and often informal, while inclusivity is not yet systematically embedded across projects.

The findings suggest that many projects are still at an early stage in the development of their engagement
strategies. As a result, there is limited availability of validated methodologies, measurable impacts and replicable
approaches. This highlights the need for continued capacity building, stronger knowledge exchange and the
development of more structured frameworks to support stakeholder engagement across the BRIDGE community.

3.2 Methodology of work

The methodology applied in WG work was consistent across all four topics and included the following steps:

1. An analysis of outcomes from the subgroup kick-off meeting, to identify the key elements of each topic
from the perspective of our members.

2. A survey among members to gain deeper insight into the engagement strategies adopted by the projects
involved, to identify the types of activities being carried out within our focus areas and to select workshop
topics.

3. A literature review and desk research to assess the current state of the art, clarify key definitions, and
highlight the most pressing issues related to the new topics.

4. Knowledge-sharing sessions, the results of which were presented during the usual monthly meetings by
several projects participating in the subgroup.

5. Two workshops with BRIDGE members aimed at sharing and discussing the findings from the literature
review and collecting additional feedback. A workshop on capacity building, user engagement and
inclusivity took place on 19 February 2026, while a second workshop on social acceptance, social readiness
and Al adoption was held on 16 March 2026.

6. An analysis of the main outcomes and the identification of key issues emerging from the workshops.

The following sub-sections outline the main findings derived from the process described above.

3.3 Conceptual framework on SG topics

The growing deployment of smart grids and decentralised energy systems has increased the need to integrate
capacity building, user engagement and inclusivity into energy system design and governance. Recent academic
literature highlights how these dimensions are essential to ensure not only technical efficiency but also social
acceptance, equity and system resilience.

Capacity building is a key enabler of effective consumer engagement in smart grid ecosystems. It involves
strengthening not only technical knowledge but also energy literacy, data literacy and digital skills, allowing
consumers to actively participate in increasingly complex and data-driven energy systems. As energy systems evolve
towards renewable integration, demand-side management (DSM) and energy flexibility, both professionals and
end-users require new competencies. Consumers, in particular, are becoming prosumers, and as such, they are
expected to understand consumption patterns, respond to price signals and interact with digital platforms and
automated systems. Without adequate capacity building, participation in demand response programs and adoption
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of smart energy solutions remain limited®. Recent studies highlight that digitalisation and Al are further increasing
system complexity, making structured training and knowledge-sharing mechanisms essential for informed decision-
making and trust-building?. Capacity building therefore plays a crucial role in reducing information asymmetries,
fostering behavioural change and enabling more inclusive participation in energy systems. However, challenges
such as heterogeneous user capabilities, digital divides and trust in data-driven technologies persist. Addressing
these requires user-centric approaches, targeted education initiatives and supportive institutional frameworks.

User engagement has evolved from passive participation to active involvement in energy system design and
operation, as reported in the last annual report®. Recent research emphasizes that early and continuous
engagement of users in planning and decision-making processes leads to improved outcomes in terms of efficiency,
acceptance and equity. A continuous engagement approach, where stakeholders are involved throughout the
entire lifecycle of energy projects, is identified as a best practice for enhancing fairness and responsiveness in
energy systems*. Similarly, studies on community energy and smart local energy systems demonstrate that user
engagement is closely linked to the success of decentralised and flexible energy solutions, including smart grids and
microgrids®. Participatory approaches, such as co-design and stakeholder forums, are increasingly recognised as
essential for aligning technological solutions with user needs and expectations®.

Inclusivity is a central concern in the transition to smart energy systems, as technological innovation can both
reduce and reinforce existing inequalities. Literature shows that inclusive energy systems must address barriers
such as digital divides, socio-economic disparities, and unequal access to infrastructure, as showed in the last annual
report’. Without deliberate inclusive strategies, smart grid developments risk exacerbating energy inequality rather
than mitigating it. Recent studies on participatory and community-based energy systems highlight the importance
of ensuring equitable access to decision-making processes and benefits, particularly for vulnerable groups. This
aligns with broader findings that community engagement and collaborative approaches are critical for improving
both access to electricity and social equity in energy systems®.

The increasing integration of digital technologies and Al in energy systems is redefining the relationship between
technological innovation and societal adoption. While technological capabilities continue to advance rapidly, both

! Han Li, Hicham Johra, Flavia de Andrade Pereira, Tianzhen Hong, Jéréme Le Dréau, Anthony Maturo, Mingjun Wei, Yapan
Liu, Ali Saberi-Derakhtenjani, Zoltan Nagy, Anna Marszal-Pomianowska, Donal Finn, Shohei Miyata, Kathryn Kaspar, Kingsley
Nweye, Zheng O'Neill, Fabiano Pallonetto, Bing Dong, Data-driven key performance indicators and datasets for building
energy flexibility: A review and perspectives, Applied Energy, Volume 343, 2023, 121217,
https://doi.org/10.1016/j.apenergy.2023.121217

2 Seyyedreza Madani, Ahmadreza Tavasoli, Zahra Khoshtarash Astaneh, Pierre-Olivier Pineau, Large Language Models
integration in Smart Grids, arxiv, 2025, https://doi.org/10.48550/arXiv.2504.0905

3 Directorate-General for Energy, European Climate, Infrastructure and Environment Executive Agency, Brenner-Fliesser, M.,
Guidoum, Y., Ktenidis, T. et al., BRIDGE, Consumer and citizen engagement working group — Annual activity report 2024-
2025, Publications Office of the European Union, 2025, https://data.europa.eu/doi/10.2926/4703148

4 Rebecca Tapio, Juliet Homer, Kendall Mongird, Jason Eisdorfer, Folding community engagement into decision making: A
continuous process to increase equity in the energy system, The Electricity Journal, Volume 37, Issues 7-10, 2024, 107442,
https://doi.org/10.1016/j.tej.2024.107442

5 Gupta, R., Zahiri, S., & Gregg, M. (2026). Energy transition through community energy, local energy and smart local energy
system initiatives in the UK: a systematic review of technologies, ownership and user engagement. Advances in Building
Energy Research, 20(1), 33-61. https://doi.org/10.1080/17512549.2025.2562190

6 Evan Boyle, Alexandra Revez, Grainne Duffy, Ailbhe Farrell, Aoife Deane, Brian O Gallachdir, Julia M. Wittmayer,

Public participation in the development of electricity grid infrastructure: Early engagements and community forums,

Energy Research & Social Science, Volume 120, 2025, 103878, https://doi.org/10.1016/].erss.2024.103878

7 Directorate-General for Energy, European Climate, Infrastructure and Environment Executive Agency, Brenner-Fliesser, M.,
Guidoum, Y., Ktenidis, T. et al., BRIDGE, Consumer and citizen engagement working group — Annual activity report 2024-
2025, Publications Office of the European Union, 2025, https://data.europa.eu/doi/10.2926/4703148

8 Ameena Saad Al-Sumaiti, Rathor Sumitkumar, Hoach The Nguyen, Community engagement and utility collaboration for
enhanced electricity access: A multi-strategy framework, Sustainable Cities and Society, Volume 109, 2024, 105506,

https://doi.org/10.1016/j.5cs.2024.105506
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research and practical experience indicate that social factors are becoming the primary determinants of successful
deployment and long-term impact.

Social acceptance is increasingly understood, not as a static outcome, but as a dynamic and evolving process shaped
by continuous interaction between technologies, users and institutional contexts. It is influenced by multiple
dimensions, including trust, perceived benefits, transparency and the alignment of solutions with users’ values,
expectations and everyday practices®. In this perspective, stakeholder engagement plays a central role, as early and
continuous involvement of users contributes to building acceptance over time.

Closely linked to this concept is social readiness, (as opposed to societal readiness; see below for a more in-depth
analysis), which refers to the extent to which individuals, communities and organisations are prepared to adopt,
use and interact with new energy technologies. Unlike technological readiness, which focuses on system
performance and maturity, social readiness encompasses aspects such as awareness, capabilities, trust and
willingness to participate. At the same time, recent EU policy and research frameworks increasingly refer to societal
readiness, which focuses on the readiness of innovations and systems to be embedded within societal, institutional
and market contexts. While related, the two concepts address different dimensions of the innovation process:
social readiness focuses on people and communities, whereas societal readiness focuses on the alignment of
solutions within societal structures.

To clarify this distinction, Table 3.2 provides a comparative overview of social readiness and societal readiness as
complementary dimensions of innovation adoption.

Table 3.2: Comparative overview of social readiness and societal readiness as complementary dimensions of
innovation adoption

Dimension Social Readiness Societal Readiness
Focus Preparedness of individuals and Preparedness of innovations to be embedded
communities in society
Unit of analysis Users, citizens, communities Technologies, systems, innovations
Awareness, trust, capabilities, willingness Governance, regulation, ethics, system
Key aspects .. . .
to participate integration
. . Engagement, communication, capacit Policy frameworks, institutional alignment,
Main drivers 838 - pactty ¥ . . &
building design of solutions
Emerging concept, no standardised More developed, e.g. Societal Readiness
Measurement
framework Levels (SRL)

Core focus (engagement, participation, Complementary perspective (alignment with

Relevance for SoE .
trust) societal context)

9 Wiistenhagen et al., 2007; Sovacool et al., 2020: Wiistenhagen et al. (2007) Wiistenhagen, R., Wolsink, M. and Biirer, M.J.
(2007) ‘Social acceptance of renewable energy innovation: An introduction to the concept’, Energy Policy, 35(5), pp. 2683—
2691. Sovacool et al. (2020) Sovacool, B.K., Axsen, J. and Sorrell, S. (2020) ‘Promoting novelty, rigor, and style in energy social
science: Towards codes of practice for appropriate methods and research design’, Energy Research & Social Science, 65,
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Despite its growing importance, social readiness remains a relatively underdeveloped concept, with limited shared
methodologies and indicators available to assess it in a systematic way?°.

The growing use of Al further amplifies the importance of these social dimensions. Al-based solutions offer
significant potential to enhance system efficiency, flexibility and personalisation of services. However, their
adoption is strongly influenced by user perception and societal acceptance rather than by technical performance
alone. Concerns related to data privacy, transparency, explainability and perceived control can act as barriers to
adoption if not adequately addressed!! (.). As a result, approaches such as XAl, ethical design and user-centred
development are increasingly recognised as essential to ensure that Al systems are understandable, trustworthy
and aligned with societal expectations.

At the same time, the deployment of digital and Al-driven solutions raises important questions related to inclusivity
and fairness. Without deliberate and inclusive design, there is a risk that technological innovation may reinforce
existing inequalities, particularly in relation to digital literacy, access to technology and socio-economic conditions.
Addressing these challenges requires integrated approaches that combine technological development with capacity
building, inclusive engagement strategies and targeted support for vulnerable groups.

These concepts highlight that the transition towards smart, digitalised and flexible energy systems is fundamentally
a socio-technical transformation. Ensuring alignment between technological innovation and societal readiness will
be critical for achieving widespread adoption and delivering long-term value.

3.4 Good practices from the knowledge sharing sessions

Table 3.3 below synthesises the engagement strategies presented by various projects during the SoE subgroup
monthly meetings. ()

Table 3.3: Finding from knowledge-sharing sessions

Project Main Topic Target Group Strategies of Challenges Lessons Learned/

name Engagement Effectiveness

ThumbsUp Adoption of Valladolid test-site On-site and TES perceived Environmental
(2023-2026) @ Thermal Energy residents & EU online surveys; as new and framing highly
Storage homeowners motivational uncertain; lack effective; social norm
(financial & of clear impact + environmental
environmental) information; message produced
messaging; scepticism strongest WTP
Social norm toward (Willingness to Pay)
messaging performance; increase; clear
impact

communication is
crucial for adoption

10 International Energy Agency (IEA) (2023) World Energy Outlook. Chapter 4 Secure and people-centred energy transitions.
Critical ingredients for success. Paris: IEA

11 State Of Implementation Of The OECD Al Principles Insights From National Al Policies. Paris: OECD Publishing; European
Commission (2021) Proposal For A Regulation Laying Down Harmonised Rules On Artificial Intelligence (Artificial Intelligence
Act). Com (2021) 206 Final. Brussels: European Commission
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BeFlexible
(2022-2026)

Hycool IT
(2023-2026)

DR-Rise
(2023-2027)

DYMAN
(2024-2027)

Boosting
engagement to
increase
flexibility

Cooling &
management
for IT
infrastructures

Energy demand
response in
residential sector

Cooling centre

Prosumers, end
customers,
aggregators, energy
market actors involved
in flexibility services

Data centre managers,
facility managers,
server room managers,
CPU manufacturers

Residential users;
households and SMEs
in energy communities
(incl. vulnerable
groups)

Software developers,
HVAC integrators, data
centre facility
managers,
policymakers, investors
and scientific
community
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Tailored value
propositions;
structured
engagement
strategies; co-
creation;
interviews & KPI-
based
monitoring

Social media
communication,
conferences and
events, scientific
publications,
workshops and
project website

Surveys on
motivation;
structured co-
creation
process; training
on energy &
digital literacy

Conferences &
events; scientific
publications; EIC
Cooling Portfolio
clustering;
website; social
media;
presentation
videos; demos &
exhibitions
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Low
participation in
flexibility; trust
and literacy
gaps; ensuring
long-term
adoption

Difficulty in
reaching a
sufficient
number of
stakeholders
and convincing
them about the
proposed
solutions

Barriers to DR
adoption;
inclusion of
vulnerable
groups;
language &
distance across
pilots

Engaging
sufficient high-
level
stakeholders;
demonstrating
value of
innovative
cooling
solutions;
addressing
IPR/patent
concerns;
maintaining
long-term
engagement
with limited
resources

Value propositions
drive engagement;
mixed qualitative—
quantitative
evaluation improves
effectiveness and
satisfaction

Events generate
good engagement
but mainly from the
academic
community; building
and maintaining an
active stakeholder
list requires
continuous effort
and partner
commitment.

Economic motivation
is key; co-design
builds trust,
acceptance and long-
term engagement

Multi-channel
dissemination
increases visibility;
technical
publications and
demos strengthen
credibility; continued
post-project
communication
supports long-term
impact and
stakeholder trust
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Co-creation
workshops with
social housing
providers;
human-centred

Low trust
between
tenants and
social landlords;
limited time and

Simplicity and clear
actions increase
participation;
gamification and
financial rewards

aggregators design; simple technical enhance
app-based knowledge; engagement; co-
flexibility need for simple | creation strengthens
requests; real- communication; | acceptance;
time user engagement community-based
guidance; during sensitive | incentives foster
gamification billing periods; collective
(points, badges, | sustaining long- | commitment;
vouchers); term sociological follow-up
financial participation improves
incentives; understanding of
community behavioural change
events; sustainability
newsletters;
sociological
interviews
(pre/post

experiment)

Collectively, the projects address a broad spectrum of target groups across the energy ecosystem, including
residential consumers, prosumers, data centre operators, technology providers and policymakers. Despite this
diversity, several common engagement approaches can be identified. Many projects adopt participatory methods
such as co-creation processes, surveys and interactive workshops to actively involve stakeholders and better
understand their needs and motivations. These efforts are often complemented by targeted communication
strategies. In parallel, dissemination activities, including conferences, social media outreach and scientific
publications, are widely used to engage broader professional and academic audiences.

A number of recurring challenges have been observed across the projects. These include difficulties in achieving
and sustaining stakeholder participation, limited awareness and trust in emerging technologies and gaps in both
energy and digital literacy.

Ensuring continued engagement beyond pilot phases also remains a significant concern. Additionally, some projects
reported more specific barriers, such as the inclusion of vulnerable groups, intellectual property rights (IPR)
considerations, and stakeholder scepticism towards innovative solutions.

The lessons learned across the initiatives reveal several converging insights. First, clear, accessible and transparent
communication of project benefits and impacts is essential to foster participation and acceptance. Second, the
provision of economic incentives and well-tailored value propositions can substantially enhance stakeholder
engagement. Third, co-creation and participatory approaches are instrumental in building trust and promoting
long-term commitment. Finally, the use of multi-channel dissemination and community-based engagement
strategies has proven effective in increasing visibility and strengthening stakeholder relationships.

Overall, the exchange of experiences during the monthly meetings has provided valuable insights into both

common challenges and successful practices. These shared learnings support projects in refining their engagement
strategies and enhancing stakeholder involvement throughout their implementation lifecycle.
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3.5 Capacity building, user engagement and inclusivity

The literature widely highlighted the interdependence between capacity building, user engagement and inclusivity.
Capacity building emerges as a key enabler of meaningful engagement; in turn, effective user engagement fosters
greater inclusivity, while inclusivity strengthens trust and the overall legitimacy of energy systems.

Furthermore, smart grids, by their very nature as complex socio-technical systems, require integrated approaches
that combine technological innovation with social participation and governance mechanisms. Overall, the current
state of the art highlights a paradigm shift towards user-centred, participatory and inclusive smart energy systems.

The European Green Deal and the Fit-for-55 package place citizens at the centre of the energy transition. However,
empirical evidence, including findings from the European Union Agency for Fundamental Rights!? indicates that
participation in energy-related decision-making remains fragmented and often tokenistic, insufficiently inclusive
and weakly linked to actual decision-making outcomes.

The workshop “Capacity Building, User Engagement and Inclusivity” (19 February 2026), organised within the
BRIDGE Strategies of Engagement SG, addressed a persistent gap in EU-funded energy projects: the misalignment
between technological innovation and the social processes required for its adoption. Capacity building and
inclusivity highlight the need to rethink how participation is conceptualised and operationalised within EU-funded
energy projects. A central insight is the limitation of traditional, instrumental approaches to engagement, which
tend to treat participation as a predefined set of activities aimed at producing measurable outcomes. In contrast,
the value of a more relational understanding, in which engagement is seen as a dynamic and context-dependent
process shaped by interactions between actors, issues and practices, is expected. This shift has important
implications for project design and implementation. Rather than viewing engagement as a series of isolated events,
a relational approach frames it as an evolving process that requires continuous reflection and adaptation. In this
perspective, participants are not simply targets of engagement strategies but active contributors whose roles,
expectations and forms of involvement develop over time.

Two projects participated in the workshop to share their experience, including lessons learned, success factors and
key takeaways for all participants. The insights and the challenges presented by the SUPERSHINE and DEDALUS
projects is summarised below (Figs. 3.1-3.3).

12 Fundamental Rights Report, Publications Office of the European Union, 2023,
https://fra.europa.eu/sites/default/files/fra_uploads/fra-2023-fundamental-rights-report-2023 en 1.pdf
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WHAT TO REPLICATE
(STRATEGIC TAKEAWAYS)

1. i
Acceptance increases with awareness, Embed citizen co-design in governance
perceived usefulness, comfort, and models
aesthetics
2.
Ensure transparent communication on
2. costs, benefits, and feasibility

Persistent scepticism toward renewables
- requires continuous communication

31
Provide financial reassurance (0SS,
business models, crowdfunding, PPPs)

3.
Trust declines if engagement stops at design
- must extend to implementation

4.
Integrate skills and local jobs (training,
SMEs, value chains)n

4, 5.
Social innovation must complement Scale replicable NEB-aligned models
technical innovation (tested in Trieste - Herning - Riga)

Figure 3.1: SUPERSHINE project and inclusivity

WHAT ACTUALLY WORKED

1.
Comfort-based flexibility models

2.
Simple, clear interfaces and communication

3.
Human mediation via trusted local actors

4.
Co-creation and technical workshops to build trust and understanding

Figure 3.2: DEDALUS project and capacity building
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CHALLENGES / BARRIERS
SUPERSHINE PROJECT DEDALUS PROJECT

1. Scepticism toward renewables 1. Concerns about loss of control and indoor
2. Engagement drops beyond design phase > comfort

fragile trust 2. Low digital literacy limits tool use for some users
3. Continuous communication needed 3. Engagement should begin early and continue
4. Inclusion requires deliberate methods suitable throughout implementation

for diverse ages, genders and cultures 4. Need to balance local customization with
5. Cost and affordability concerns scalability

Figure 3.3: SUPERSHINE project & DEDALUS project challenges

To engage effectively, EU projects should embed flexibility into their structures. This means deviating, when
necessary, from initially planned activities in order to respond to emerging contexts and stakeholder needs, while
remaining aligned with overall project objectives. It calls for a more adaptive form of governance, where learning
processes are institutionalised and where both quantitative indicators and more qualitative, relational metrics, such
as trust, mutual understanding and inclusivity, are systematically considered. The notion of the “reflective
practitioner”, as developed by Donald Schon, is particularly relevant in this regard, highlighting the importance of
reflexivity in complex, real-world settings.

Recent literature, however, advocates for a shift towards relational engagement, where actors, issues and methods
co-evolve, engagement is adaptive and context-dependent, and learning is iterative (Chilvers & Kearnes, 2020;
Hoffken et al., 2022). This distinction was explicitly discussed in the workshop:

e Realist approaches: focus on measurable outputs and standardised tools
e Relational approaches: emphasise reflexivity, flexibility and context.

Despite this theoretical shift, most EU projects remain anchored in event-based engagement, rather than
embedding engagement as a long-term process. This creates a paradox: engagement is widely implemented, yet
rarely transformative.

Capacity Building as a Socio-Technical and Relational Process

Capacity building remains a core component of EU energy projects, particularly in relation to citizen engagement
and behavioural change. However, findings highlight the limitations of approaches that conceptualise capacity
building primarily as a linear process of knowledge transfer or skills enhancement, assuming a direct link between
increased energy literacy and behavioural change.

Current evidence suggests that energy literacy is a socially embedded and context-dependent process, shaped by
socio-economic conditions, cultural factors, and everyday practices. As such, relevant knowledge cannot be fully
predefined through top-down approaches and varies across user groups. Consistent with practice-based
approaches, capacity building should be understood as a socio-technical and relational process. It encompasses the
co-production of knowledge, the reinforcement of institutional and intermediary capacities, and the development
of adaptive capabilities over time. Despite this, implementation in EU projects often remains fragmented, relying
on one-off training activities or implicitly assuming that capacity building will emerge from participation processes.
This reflects persistent conceptual ambiguity and a lack of operationalisation frameworks. There is a need to move
beyond deficit-based models towards an integrated, practice-based approach.
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Capacity building should be designed as a continuous, context-specific, and iterative process, embedded within
participatory activities and mutually reinforcing with engagement. This implies a shift towards co-learning
modalities, where knowledge is generated through interaction and participation. Embedding learning within
engagement processes can enhance relevance, effectiveness, and stakeholder ownership, thereby supporting more
sustained behavioural change.

Inclusivity and Energy Justice

Inclusivity is a core objective of EU policy and a key dimension of the energy transition, closely linked to the
framework of energy justice. This framework encompasses three interrelated dimensions: procedural justice (fair
and transparent participation in decision-making), recognition justice (acknowledgement of diverse needs,
identities, and perspectives), and distributive justice (equitable allocation of benefits and burdens).

While widely referenced in policy and project design, energy justice is seldom applied currently. Evidence highlights
persistent gaps, including the underrepresentation of vulnerable and marginalised groups, the risk of engagement
processes reproducing existing inequalities, and the tendency to frame inclusivity as a target-group issue rather
than as a structural design principle. Workshop findings are consistent with this critique. Inclusivity is often
addressed through targeted outreach measures or adapted engagement tools but is rarely embedded in
governance structures or decision-making processes. This limits its effectiveness and risks reinforcing existing
asymmetries in participation and outcomes.

The workshop further emphasised the need to extend the application of energy justice beyond individual projects,
adopting a systemic perspective that considers broader institutional, territorial and value-chain dynamics. This
includes recognising unequal capacities to participate across social groups and regions, as well as potential
transboundary impacts of energy transitions. Addressing these challenges requires a shift from project-level
inclusion measures towards structurally embedded approaches, where inclusivity is integrated into governance
frameworks, participation mechanisms and impact assessment processes.

3.6 Social acceptance, social readiness and Al adoption

On 16 March, the SoE organised the second workshop “Social Acceptance, social readiness and Al adoption”, to
investigate in depth the relationship among these new topics selected during the work done in the first phase of
the year.

Social acceptance and social readiness are increasingly recognised as critical dimensions of the successful
deployment of Al-enabled energy solutions. While technological capabilities in the energy sector continue to
advance, findings highlight the limitations of approaches that assume that technological maturity alone will lead to
adoption. Instead, evidence points to the central role of social processes, including trust-building, transparency,
and stakeholder engagement, in shaping the acceptance and use of Al-driven systems.

Social acceptance should be understood as a dynamic and context-dependent process rather than a predefined
outcome. It is shaped by users’ perceptions of benefits, risks and fairness, as well as by their ability to identify and
interact with technological systems. In this context, the opacity of Al systems, combined with concerns related to
data governance, privacy and accountability, can significantly influence user confidence and willingness to engage.
As a result, approaches such as XAl, user-centred design and transparent communication are increasingly seen as
essential to advance trust and support adoption.

Closely linked to this is the concept of social readiness, which remains less developed in both research and practice.
Social readiness refers to the extent to which individuals, communities, and institutions are prepared to adopt and
interact with Al-enabled solutions. Current evidence suggests that social readiness is uneven across contexts and is
influenced by factors such as digital literacy, awareness, institutional trust and prior experience with technological
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innovation. In many cases, social readiness is implicitly assumed rather than explicitly assessed, conducting to gaps
between technological deployment and user uptake.

Two projects took part in the workshop, sharing their experiences along with lessons learned, success factors and
key takeaways for all participants. The insights and challenges from the REEFLEX and DATACELLAR are summarised
below (Figs. 3.4-3.5).

WHAT WE LEARNED
(CRITICAL INSIGHTS)

1.
Clear initial framing (e.g. 1SO framework) is essential

2.
Feasibility of new ideas remains a key challenge

3.
Alignment across actors requires structured facilitation

4.
Visual and hands-on tools enhance understanding and collaboration

Figure 3.4: REEFLEX project and Al adoption
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WHAT WE LEARNED
(CRITICAL INSIGHTS)

1.
Understanding human behaviour and social acceptance
is as important as technological performance

2.
Users need clear explanations of Al decision

3.
Interdisciplinary approach is essential (SSH + STEM) to address ethical,
social, and regulatory challenges

4,
Empowered communities make better decisions

&b
Importance of Regulatory and financial constraints

Figure 3.5: DATACELLAR project and Al adoption

CHALLENGES / BARRIERS

REEFLEX PROJECT DATACELLAR PROJECT
1. Low Al understanding & technical literacy 1. Integrating technical and social aspects
2. Hard to translate workshops into action 2. Maintaining user engagement
3. Al risk perception & safety concerns 3. Low trust and understanding of Al
4, Aligning algorithms with societal goals 4. Data quality and bias issues
5. Balancing diverse expectations in limited time 5. Regulatory and financial constraints
6. Fragmented governance & slow regulation

Figure 3.6: REEFLEX project & DATACELLAR project challenges

The findings also highlight that Al adoption in energy systems raises important questions related to inclusivity and
fairness. Digital and data-driven solutions may inadvertently exclude certain groups, particularly those with limited
digital skills or access to technology, thereby reinforcing existing inequalities. This suggests that inclusivity should
not be treated as a separate objective, but as an integral component of Al deployment strategies. Ensuring just and
fair access to participation and benefits requires targeted approaches that address structural barriers and account
for diverse user needs.

The successful adoption of Al in energy systems depends as much on social acceptance and readiness as on
technological maturity. While tools like technology readiness levels (TRL) assess whether a system works, SRLs,
assess the readiness of innovations to be integrated into society. In this report, the concept of social readiness is
used to complement this perspective, focusing on the preparedness of users and communities to engage with and
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adopt these solutions. Lastly, social acceptance levels determine whether people are willing to use them and
whether society supports their deployment.

Social acceptance is shaped across three dimensions: socio-political, market and community acceptance,
emphasising that trust must be built not only with policymakers and investors but especially with local communities
directly affected by projects. These insights point to the need for a more integrated approach to Al adoption in
energy systems, where technological innovation is developed in parallel with social processes. This implies moving
beyond technology-driven models towards socio-technical approaches that embed engagement, capacity building
and inclusivity within project design and implementation.

3.7 Conclusions and Recommendations

The work of the SoE SG, throughout 2025-2026, on capacity building, user engagement and inclusivity, highlights a
clear need for a systemic shift in how these dimensions are conceptualised and implemented within EU energy
projects. A central conclusion is that engagement must be understood as a continuous, iterative process rather
than a one-off activity. It should start early and continue throughout the project and beyond. This process-oriented
perspective is closely linked to the recognition that trust, particularly when mediated by locally trusted actors, is a
critical enabler of participation, while persistent barriers such as privacy concerns, technological complexity,
recruitment and retention challenges and representation gaps continue to limit effective inclusion. Importantly,
the work done confirms that inclusivity is not merely a structural objective but an operational practice requiring
context-sensitive and tailored approaches that reflect local conditions and user diversity. Furthermore, financial
incentives alone are insufficient to drive participation; alignment with users’ values, needs, and everyday realities
is equally essential. Inclusivity should also explicitly address structural barriers such as energy poverty and the
digital divide, which continue to limit equitable participation in the energy transition. Engagement strategies should
therefore be tailored to the needs of vulnerable groups through accessible communication, targeted capacity-
building initiatives and appropriate support mechanisms. Capacity building emerges as a continuous co-learning
process that strengthens long-term acceptance and sustainability.

The insights from the work done on the other annual topics provide strong empirical support for the conceptual
framework presented in Section 3.3, particularly in relation to social acceptance, social readiness and Al adoption.
The discussions confirm that the main barriers to the deployment of Al-enabled energy solutions are not primarily
technological, but social and organisational. In line with the conceptual understanding of social acceptance as a
dynamic and process-oriented phenomenon, the activities conducted highlight the importance of transparency,
ongoing dialogue, and continuous stakeholder collaboration. Participants consistently emphasised that acceptance
evolves over time and depends on users’ experience, perceived benefits, and confidence in the systems.

The findings also underline the relevance of social readiness as a complementary dimension to technological
readiness. While many projects demonstrate high levels of technological maturity, the participants' discussions
reveal that readiness at the level of users and communities remains uneven. Challenges related to awareness,
digital literacy, and willingness to participate indicate that social readiness is a critical factor influencing the success
of deployment. Furthermore, there is clear evidence that Al adoption is strongly shaped by issues of trust,
transparency, and perceived control. Concerns related to data governance, ethical implications and the opacity of
Al systems were identified as key barriers. This aligns with the conceptual emphasis on explainability and user-
centred design as essential conditions for fostering acceptance. At the same time, the discussions highlight the
importance of inclusivity in the deployment of Al-driven solutions. The risk that digital and data-driven approaches
may exclude certain groups or reinforce existing inequalities was explicitly recognised. This confirms the need to
integrate inclusivity considerations into both technological development and engagement strategies.

The findings validate the conceptual framework by demonstrating that the transition towards Al-enabled energy
systems is fundamentally a socio-technical process. Bridging the gap between technological innovation and societal
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adoption requires not only advanced solutions, but also sustained efforts to build trust, enhance capacities, and
ensure inclusive participation.
Building on these findings, as SoE SG formulated several key recommendations for EU policy and project design:

10.

11.

12,

Shift towards integrated engagement systems
Move from fragmented, project-based engagement activities to integrated systems embedded across
governance structures and decision-making processes.

Institutionalise capacity building
Ensure capacity building is supported through dedicated resources, structured methodologies and peer-
learning mechanisms.

Embed inclusivity structurally
Go beyond operational measures by integrating inclusivity into governance frameworks, evaluation
processes and participatory structures.

Prioritise trust-building mechanisms
Foster trust through transparency, consistent communication, feedback loops, and the systematic
involvement of local intermediaries.

Adopt hybrid engagement strategies
Combine digital and human-centred approaches while proactively addressing accessibility and data privacy
concerns.

Embed continuous and adaptive stakeholder engagement
Move beyond one-off consultation models by promoting long-term, iterative engagement processes
throughout the project lifecycle.

Strengthen trust, transparency, and accountability in Al systems
Support regulatory and technical measures that enhance explainability, data governance, and user control
to increase public confidence.

Integrate social readiness into project design and evaluation

Complement technological readiness assessments with systematic evaluation of user preparedness,
awareness, and willingness to adopt. This also requires a stronger integration of Social Sciences and
Humanities (SSH) expertise throughout the project lifecycle, from project design to implementation and
evaluation, in order to better understand social dynamics, behavioural factors and citizen needs.

Enhance digital and technical literacy
Invest in capacity-building initiatives to reduce exclusion risks and enable meaningful participation across
diverse user groups.

Promote inclusive design and participation frameworks
Ensure that Al-enabled solutions are developed and deployed with explicit consideration of vulnerable and
underrepresented groups.

Align technological innovation with societal and organisational needs

Ensure that Al-enabled energy initiatives combine technological development with attention to social
acceptance, governance, organisational capacity and user needs. Promote user-centred design approaches
so that solutions reflect real-world practices, expectations and benefits, supporting their effective adoption
and long-term impact.

Support ethical and transparent data governance frameworks
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Develop and harmonise EU-level guidelines addressing data use, privacy, and ethical implications of Al in
energy systems.

4 SMART TOOLS

Subgroup leaders: Anna Pinnarelli, Pasquale Vizza (University of Calabria), Anastasis Tzoumpas (ODEON,, ENFLATE).

4.1 Scope of the work

The Smart Tools SG operates at the intersection of digital innovation and citizen engagement in the energy
transition. Building directly on the foundation established in the 2024-2025 Annual Activity Report , where the SG
first consolidated its mission around replicable, secure, user-friendly and interoperable digital tools , the 2025-2026
cycle has shifted the focus from conceptual framing to operationalisation.

. The 2025-2026 cycle has preserved the last cycle's priorities as stable pillars while sharpening the mandate around
three urgent developments: the entry into force of the EU Al Act®® and its binding obligations for high-risk Al in
energy systems; the rapid maturation of DTs and NLIs as citizen-facing smart tools; and the need to move the
Knowledge Hub from foundation to a populated, searchable and accessible resource.

4.1.1. Refined mission and thematic focus

The SG reaffirms the mission articulated in the previous annual report: fostering digital solutions that empower
energy users and communities, and developing replicable, secure, user-friendly and interoperable tools that serve
the needs of a rapidly digitalising energy system. Smart tools are essential for enabling prosumers, consumers and
energy communities to actively engage in the energy transition.

Within this stable mission, the six thematic areas that structured the 2024-2025 work remain in force and continue
to guide the SG's activities:

e Smart tool development methodologies.

e User co-creation and participatory design.

e Harmonisation and interoperability.

e Alintegration and ethical frameworks.

e Data security and trust.

e Replicability, scalability and societal impact.

What has changed is the depth and specificity with which each of these themes is now being addressed. Where the
2024-2025 report produced a conceptual mapping of Al use cases and a structural blueprint for the Knowledge
Hub, the 2025-2026 cycle has produced binding compliance guidance under the EU Al Act, a populated tool
inventory with comparative analysis, and targeted deep-dives on DTs, Natural Language Interfaces, data spaces and
semantic interoperability.

4.1.2. Focus areas for 2025
Three focus areas drove the SG's work during the 2025-2026 reporting period:

Al Developments and Compliance. The EU Al Act entered into force in August 2024 and will be phased in through
2027, with most high-risk Al obligations becoming applicable during 2026. Many BRIDGE projects deploy Al systems
that may qualify as high-risk under the act because they interact with critical energy infrastructure or automated

13 Regulation (EU) 2024/1689 of the European Parliament and of the Council of 13 June 2024 laying down harmonised rules on

artificial intelligence (link)
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decision-making affecting end users. The SG therefore dedicated the first 2026 workshop to navigating the
intersection of advanced Al/ machine learning (ML) algorithms in energy tools with the legal requirements of the
EU Al Act, including practical guidance on classification, documentation, explainability, human oversight and GDPR
alignment.

DTs, Data Spaces and Interoperability. DTs have rapidly matured from monitoring dashboards into active decision-
making agents embedded in energy system operations, while NLIs are emerging as the critical missing link between
technical DT outputs and citizen-level engagement. The second 2026 workshop was dedicated to this topic,
examining technologies, semantic standards (CIM, SAREF, DTDL, IFC, W3C WoT), integration with EU energy data
spaces (GAIA-X, IDSA) and citizen-facing conversational interfaces.

Implementation of the Smart Tools Knowledge Hub. The previous report introduced the Knowledge Hub as a
collaborative, structured repository. During 2025-2026 the SG moved from concept to implementation: finalising
the repository structure, populating it with profiled tools, defining the methodology and issues taxonomies, and
setting out a roadmap for cross-WG integration (Data Management, Business Models, Regulation) and alignment
with the BRIDGE indicators data space.

4.2 Methodology of work

The methodology applied in 2025-2026 preserves the thematic analysis approach of the previous cycle (survey-
based mapping followed by a collaborative workshop) but extends it across four complementary activity streams:
structured data collection into the Knowledge Hub; recurring collaborative sessions among SG members; two
targeted thematic workshops; and project spotlight sessions profiling BRIDGE projects in depth.

4.2.1. Data collection

Data collection in 2025-2026 was built directly around the Knowledge Hub repository structure rather than through
a standalone survey. The repository was organised into four coordinated worksheets, each capturing a different
dimension of smart tool development, and project representatives were invited to contribute entries for each tool
in their project portfolio.

e Smart Tool Identification: tool name, type and description, responsible project and person, testing
environment, TRL, frequency of use, target consumer/prosumer group, main functions, advantages and
disadvantages, testing and evaluation approach, development vs replication intent, applicable project
types, and public information sources.

e Methodology: design methodology classification (Design Thinking, Agile UX/UI, Double Diamond, Systems
Engineering V-Model, Model-Based Design, Lean UX), user engagement strategy, stakeholder involvement
level and rationale for methodology selection.

e Grouping by User Groups and Lifecycle Stage: classification of tools by target users
(society/citizens/communities, utilities, third parties) and by development lifecycle phase (identification,
preparation, design/development, implementation, exploitation, maintenance).

e Issues in Smart Tool Development: a taxonomy of issues encountered during smart tool development,
including issue type, timing in the lifecycle, impact on replicability and documented solutions or mitigations.

The collection effort was iterative: a first round of entries informed the workshop agendas, after which projects
were invited to refine and complete their contributions. This data collection approach converts the insights
previously produced through ad hoc surveys into a permanent repository.

4.2.2. Collaborative sessions

The Smart Tools SG held recurring collaborative sessions open to all BRIDGE projects registered with the working
group. These sessions served three functions: coordinating the Knowledge Hub population effort; providing a forum
for project spotlights; and collectively shaping the agenda of the thematic workshops.

Two key milestones during the 2025-2026 cycle were:
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e 4th Smart Tools SG Meeting , 13 January 2026: project presentations from INTELLIGENT and MOPO,
Knowledge Hub status and next steps, discussion on the agendas of the 1° and 2" workshops, and
discussion on the annual report structure and contributions.

e SG Update, 17 February 2026: Knowledge Hub status update, consolidation of the annual report structure,
finalisation of the 1% and 2" Workshop draft agendas, work plan for annual report drafting and
confirmation of workshop dates (5 March and 12 March 2026).

4.2.3. Workshops

Two thematic workshops were held in March 2026. Each followed a consistent structure: WG update; project
spotlight presentations; technical deep-dive session delivered by the SG leaders; an interactive Mentimeter-based
roundtable gathering live input from participants; and a closing wrap-up distilling key takeaways for the annual
report.

1st Workshop , Al developments and compliance frameworks (5 March 2026)

The first workshop addressed the intersection of advanced AI/ML algorithms in energy tools with the legal
requirements of the EU Al Act. After an opening WG update, two project spotlights were presented: INTELLIGENT
(AI/ML services for flexibility optimisation and peer-to-peer energy trading mechanisms) and ENFLATE (Al-driven
optimisation for efficient, sustainable and reliable public transport). The technical deep-dive covered Al integration
modes across BRIDGE projects, the risk-tier structure of the EU Al Act and the specific obligations applicable to high-
risk Al in energy systems, XAl approaches (LIME, SHAP, saliency maps, rule extraction, attention mechanisms,
counterfactuals), ethical Al frameworks (EU Ethics Guidelines for Trustworthy Al, ALTAI, IEEE EAD, GDPR alignment,
ISO/IEC 42001) and a six-step compliance roadmap for BRIDGE projects.

The interactive roundtable gathered views on the biggest barriers to Al adoption in energy communities, the current
state of explanation capabilities, ethical frameworks actually adopted, user concerns about Al-powered energy
tools, EU Al Act preparedness and the most needed forms of compliance support. Key findings from the live poll
are integrated in Section 4.5.1.

2nd Workshop , Digital Twins and Natural Language Interfaces (12 March 2026)

The second workshop explored the role of DTs in virtual representation and NLIs in improving user-centric
interactivity for energy systems. Two project spotlights opened the session: EVELIXIA (Autonomous Building and
District DTs coupled with smart Al management and forecasting) and DIGITISE (the DIGITISE Household DT, an open-
source implementation).

The technical deep-dive walked through a taxonomy of DTs in energy (building-level, grid and microgrid, consumer
and prosumer, city and district, industrial process, sector-coupling), Al-enhanced DT capabilities (ML forecasting,
reinforcement learning control, predictive maintenance, federated and edge Al, generative Al for scenario
simulation, XAl for DT decisions), NLIs and conversational Al, interoperability standards (CIM, SAREF, DTDL, IFC,
W3C WoT; IDSA and GAIA-X trust frameworks; REST/OData, MQTT/AMQP, OPC-UA, SPARQL), and challenges across
technical, organisational and regulatory dimensions.

The roundtable captured, via anonymous polling, the biggest challenges in DT deployment, DT maturity levels
across projects, standards actually used or referenced, primary DT modelling scope, the state of DT-driven
explanations for non-technical users, DT user exposure channels and desirable NLI capabilities beyond current tools.
Findings are synthesised in Section 4.5.2.

4.2.4. Project spotlights

To complement the aggregated view provided by the inventory and workshops, the SG conducted dedicated
spotlights on five BRIDGE projects representative of the current frontier of smart tool development in the CCE
space: DIGITISE, ENFLATE, INTELLIGENT, EVELIXIA and MOPO. Each spotlight captured a project's scope, smart-tool
architecture, Al and Digital Twin components where applicable, pilot deployments and next steps. The spotlight
content is presented in the following sub-sections.
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4.2.4.1 Project spotlight: DIGITISE

DIGITISE is an EU-funded Horizon Europe project empowering consumers and prosumers to actively participate in
the energy market through a data intelligence ecosystem built around a household DT. The project brings together
12 partners across 8 countries over a 3-year programme that started in June 2024, with a total budget of around
EUR 3.99 million.

Smart tool: The DIGITISE Household Digital Twin

The household DT serves as a supporting tool for different energy and non-energy applications, by offering
experimentation capabilities with various simulation scenarios based on DT models of the project's households. It
is a central building block of the wider DIGITISE Data Intelligence Ecosystem, enabling: the monitoring and
assessment of the performance of consumer assets (energy assets, buildings and their systems, EV charging points);
the drafting of optimal context-aware and human-centric control strategies over flexible assets and devices; and
the continuous optimisation of building performance by assessing the effectiveness of applied strategies and
redeploying updated, more effective ones.

The implementation builds on GridLAB-D, originally developed by the U.S. Department of Energy at Pacific
Northwest National Laboratory, and on Arras Energy, the commercial-grade release of GridLAB-D supported and
distributed by Linux Foundation Energy. The architecture uses the equivalent thermal parameters (ETP) building
model combined with HVAC and thermostat parameterisation, a detailed appliance library (water heater, lights,
refrigerators, clothes washer, plugs, dishwasher, microwave, range/oven, freezer, dryer, EV charger and occupants-
as-load) and a synthetic appliance-load generator trained on the REFIT non-intrusive load monitoring dataset. When
appliance-level data is not available, the algorithm selects the closest existing consumption pattern based on the
desired appliance duration, stretches or compresses it to match target usage, and scales the amplitude to match
the nominal power of the appliance.

Demonstration sites and outcomes

DIGITISE deploys the household DT across diverse pilot ecosystems representing different housing types, climates
and regulatory contexts:

e Site with 15 houses equipped with photovoltaic panels, loT equipment installed in 4 of these homes and 36
other buildings, two double AC chargers and sensor/loT devices.

e 18 apartments (75-90 sgm each) with renovation potential across 4 multi-storey buildings and one small
commercial premise; implicit DR electric tariffs (~3.5 MWh/year, ~EUR 800/year); controllable HVAC and
domestic hot water; 10 kW collective PV; smart plugs, indoor environment sensors, window/door sensors
and air pollutant sensors.

e 20 domestic houses with Building Energy Systems (mix of solar PV, EVs, electric heaters, batteries) and
smart APl-based controllers (EV charging, loT smart relays, loT temperature sensors, smart inverter).

e 20 households equipped with smart meters, with data from 82 diverse households in continental Croatia
hosting 452 kWp of installed solar capacity, plus two commercial buildings in Krizevci with an additional 60
kWp, integrated battery and EV chargers.

Simulation outputs include appliance consumption profiles, household and outdoor temperatures and energy
flows, returned as CSVs at configurable time resolutions. Sample results have been produced with HVAC driven by
ETP models combined with typical meteorological year data (e.g. Athens TMY) and static household data, over one-
week simulation windows at one-minute resolution.

Next steps and BRIDGE relevance

The roadmap described in the spotlight includes a conversational interface to support LLM-powered modelling and
scenario simulations, and an agentic workflow framework to handle integrations with external data sources,
services and systems. DIGITISE therefore exemplifies the convergence, highlighted throughout this report, between
DT technology and natural language interfaces. Its open-source foundation (GridLAB-D / Arras Energy, Linux
Foundation Energy) also directly supports the replicability and open-standards priorities articulated in Section 4.5.3.
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4.2.4.2 Project spotlight: ENFLATE

ENFLATE is a Horizon Europe project developing an Al-driven solution for efficient, sustainable and reliable public
transport. In the BRIDGE CCE Smart Tools context, ENFLATE was profiled for its integration of machine-learning
optimisation with a DT and data-space architecture to support fleet electrification and flexibility services.

Smart tool: ML optimisation toolbox and digital twin for public transport

The ENFLATE Geneva pilot targets the optimisation of public transport using TPG Flex , an on-demand bus service
operating in the Champagne region of Geneva and extending to Viry, France , and TOSA 100% electric flash-charging
buses with automated inductive charging, smart-grid integration and SCADA and enterprise asset management.
The smart tool architecture combines a DT, a machine-learning optimisation toolbox and a fleet-operator
dashboard connected through a data space.

Charging scheduling specifications reflect real operational constraints: electric vehicles (EVs) operate 24/7 and
therefore do not charge overnight; mid-shift charging is possible only when no passengers are on board; charging
during peak hours is avoided to prevent service disruption; the optimal charging range for NMC batteries is 20-80%;
and all four charging stations are available, with the closest free station selected for each vehicle based on real-
time location. Routes must be designed so that vehicles maintain battery levels within the optimal range.

Data flows and Al services

The ENFLATE smart tool exchanges data through a central data space connecting: the control room and fleet
operator; the charging station management; and the tpgFlex passenger application. The ML optimisation toolbox
produces:

e Forecasts and charging suggestions.

e Long-term battery ageing forecasts and short-term energy forecasts.

e HVAC suggestions.

e Demand forecasts and energy-efficient routes, with alternatives when current routes become energy-
inefficient.

The DT service consumes environmental and energy data, passenger and booking data, and grid information, and
it feeds the optimisation services. An operator dashboard and a fleet-operator dashboard provide Al suggestions
and DT visualisations in real time, enabling supervisory decision-making that preserves human oversight , a
requirement aligned with EU Al Act obligations for high-risk Al in critical infrastructure.

Expected outcomes and BRIDGE relevance

Target key performance indicators combine battery-lifetime extension (+10%), measurable energy savings (>2
MWh) and price reduction (-20%), with an overarching outcome of sustainable, cost-effective public transport with
extended infrastructure lifetime. The evaluation will exhibit interoperability and seamless data sharing, alongside
achievable energy savings and CO2 emissions reduction.

ENFLATE is a useful reference for the Smart Tools Knowledge Hub because it shows how Al, DTs and data spaces
combine in a sector-coupling context (transport and electricity) and how an operator-facing Al must remain
explainable and overridable. The Geneva deployment also provides practical evidence for Section 4.5.2 on the role
of data spaces and for Section 4.5.3 on replicability (the system can be transposed to other urban transport
ecosystems sharing similar operational constraints).

4.2.4.3 Project spotlight: INTELLIGENT

INTELLIGENT is an EU-funded project developing critical, cutting-edge technology to equip citizens organised in
energy communities and their grid operators to deploy peer-to-peer (P2P) energy trading at scale. The project
builds on Grid Singularity's existing open-source P2P platform (GSY DEX), expanding its capabilities to support
advanced trading mechanisms such as multi-attribute auctions and to connect spot and flexibility markets. This
ensures wider and fairer market access for small market actors while facilitating more secure, decentralised market
operations leveraging the energy web data exchange infrastructure (Energy Web Digital Spine - EWDS).
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Smart tools: The INTELLIGENT System Stack

INTELLIGENT addresses three structural challenges in today's grid: operator 'grid blindness' due to lack of tools to
manage distributed energy resources; restrictive regulation that privileges 'peer-to-market' over true P2P trading;
and 'passive citizenship' where citizens lack equipment to participate in energy markets. Against this backdrop, and
given the Net-Zero 2050 goal that annual clean-energy deployment must triple by 2030, INTELLIGENT develops
advanced local energy sharing to support grid stability and congestion management.

To solve this, the project draws on a cohesive 4-layer system stack:

e Layer 1: The Spine (Data): Establishes an interoperable infrastructure using the Energy Web Digital Spine
(EWDS).

e Layer 2: The Brain (Al/Optimisation): Focuses on the Al/ML Flexibility and Energy Optimisation Service (FOS).
e Layer 3: The Market (Blockchain): Operates on the open-source GSY DEX platform.
e Layer 4: The Interface (Social/Regulatory): Focuses on user interaction and regulatory compliance.

The Technical University of Munich (TUM) is leading the development of the AI/ML Flexibility and Energy
Optimisation Service (FOS). Its primary objective is to coordinate local energy flows optimally and enable local
energy community (LEC) members to participate effectively in P2P energy and flexibility markets. The system uses
advanced machine learning across four core functions: prediction (forecasting demand and prices); optimisation
(computing control signals); flexibility estimation (determining up and down flexibility); and trading (optimising
market participation).

e Prediction Module: develops systems to predict key values using machine learning trained on pilot-site
data; analyses electricity and heat demand, RES generation, asset degradation and local market prices.

e Optimisation Module: develops the core software for FOS optimisation; applies Model Predictive Control
(MPC) and Deep Reinforcement Learning (DRL); translates user preferences directly into constraints.

e Flexibility and Trading: estimates member flexibility for optimal market bidding (crucial for grid congestion
management) and uses deep reinforcement learning to automate trading activities, feeding directly into
the peer-to-peer exchange to drive a bottom-up energy market design.

e Core platform: operates on the open-source, blockchain-based GSY DEX, providing a transparent and
secure trading environment. Smart algorithms enable optimal bidding in flexibility markets under both pay-
as-bid and pay-as-clear mechanisms; a novel automated market maker (AMM) mechanism addresses
liquidity limitations in small local markets. Crucially for citizen engagement, INTELLIGENT lowers adoption
barriers by integrating a multi-functional billing and payment service that supports both traditional FIAT
platforms and crypto-based methods.

e Grid awareness and data foundation: Al in FOS actively supports grid-aware trading by generating
flexibility offerings tailored for the distribution system operator (DSO), allowing them to avoid local grid
congestion and facilitating the integration of dynamic utility tariffs; a digital twin simulates complex energy
systems. INTELLIGENT establishes an interoperable infrastructure for data exchange using the EWDS, with
privacy embedded in the data architecture and support for diverse devices (EV chargers, smart meters).

Trustworthy Al and EU Al Act compliance

INTELLIGENT is explicitly committed to trustworthy Al based on a human-centric approach. The project structures
its compliance work around three pillars, lawful operation (strictly complying with applicable laws, prioritising the
EU Al Act and GDPR for data processing), ethical alignment (adhering to core ethical principles and ensuring
technology serves the community without discrimination), and technical robustness (ensuring social and technical
robustness to avoid unintentional harm and to maintain security against attacks).

Implementation of the EU Al Act requirements covers the full checklist promoted by the Smart Tools Subgroup:

e Human Agency and Oversight: ensuring fundamental rights and retaining human control.
e Technical Robustness and Safety: guaranteeing accuracy, reliability and security resilience.
e Privacy and Data Governance: absolute GDPR compliance and structural privacy by design.
e Algorithmic Transparency: utilising interpretable Al to avoid opaque decision-making.
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e Diversity and Non-discrimination: actively testing for and avoiding unfair demographic bias.
e Societal Well-being: promoting energy efficiency via proof-of-stake blockchains.

The validation framework uses four diverse energy community pilots across Portugal, Ireland and Switzerland,
targeting 100% efficient and secure data transactions within three years post-project. INTELLIGENT is therefore an
informative reference case for any BRIDGE project preparing for EU Al Act compliance, and its spotlight
presentation at the 1st 2026 Workshop directly informed the Al compliance and ethics recommendations of Section
4.5.3.3.

4.2.4.4 Project spotlight: EVELIXIA

EVELIXIA , Smart Grid Efficient Interactive Buildings , is a Horizon Europe Innovation Action coordinated by CERTH.
Starting on 1 October 2023 and running for 48 months, EVELIXIA brings together 36 partners in 12 EU countries
across 12 horizontal partners and 7 pilot site ecosystems. The project was profiled in the 2"¢ 2026 Smart Tools
Workshop for its DT-centric smart tool architecture.

Rationale and the Building as an Active Utility Node concept

EVELIXIA starts from the observation that buildings are still widely perceived as fixed, isolated and passive
infrastructure, while the rise of distributed RES and energy-demanding devices (EVs, heat pumps) escalates energy
intermittency and requires grid strengthening and finer energy balance close to the end-user. At the same time,
the rise of smart technologies (IoT and accessible energy-storage devices) enables buildings to operate as Active
Utility Nodes (BAUNs) of the future energy system, creating an enhanced relationship between buildings and
interconnected grids and allowing stakeholders to benefit from the buildings' untapped value.

The project identifies three main barriers: technological (integrating and continuously optimising DERs without
violating occupants' requirements), business (increasing complexity of building energy management as the number
of energy-supplying vectors grows, with different market dynamics causing different availability and prices across
vectors) and societal (a built environment that must also be 'built for people', cost-efficient, replicable, sustainable
and user-friendly).

Smart tools: Autonomous building and district digital twins

EVELIXIA's breakthrough solution is an all-encompassing BAUN framework structured along five innovation
pathways that deliver 29 innovation solutions. Two smart tools sit at the core of this architecture:

e Autonomous Building Digital Twin (ABDT), formed by the combination of the building awareness and
forecasting framework (BAFF) for detailed building energy profiling and mapping and the autonomous
building decision support framework (ABDSF). ABDT creates a DT based on BIM, sensors and operational
data; represents the building's behaviour in terms of energy use, thermal zones, HVAC, lighting and
occupancy; calibrates the model using real historical data; and performs simulations and scenario analyses
for energy performance, comfort and demand response/flexibility.

e Autonomous District Digital Twin (ADDT), formed by the network awareness and forecasting framework
(NAFF) for network-level profiling, modelling and mapping and the autonomous network decision support
framework (ANDSF) for model-based decision-making across electricity, thermal, gas and other energy
vectors. ADDT creates a district-level twin for multi-vector networks, aggregates building-level demand,
performs physics-based simulations, integrates real-time and historical data, and supports district-level
planning by exporting results for visualisation, predictive analytics and interoperability with other EVELIXIA
services.

Complementary Innovation Pathways contribute to three key areas:

e The EVELIXIA Stakeholders Interaction Platform, including a digital building logbook, visual analytics
engine, energy services marketplace, blockchain-based infrastructure and building virtual model.

e Systems interoperability solutions, such as data transformation and quality assurance tools, a data and
context broker and a common information modelling and knowledge repository.
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e Innovative flexibility enablers, including a geothermal wall, solar-shading windows incorporating recycled
PV cells, a V2G EV charger, a compact power-to-hydrogen-to-power system, hydrogen-based long-term
storage and decentralised domestic hot water preparation.

Service portfolio and pilot ecosystems

The EVELIXIA service portfolio operationalises the ABDT and ADDT concepts into concrete smart tools covering:
building daily optimisation (day-ahead and real-time building operation using forecasts, grid signals and control
strategies); building investment planning (supporting renovation and smartness-upgrade decisions); Building
equipment maintenance (predictive maintenance through early fault/degradation detection); grid daily
optimisation (day-ahead coordination and dispatch of DERs and flexible portfolios); P2P flexibility and energy
trading; portfolio management (coordinated portfolio-level optimisation, dispatch planning and market-oriented
decision-making); and grid investment planning (assessing future network needs and upgrade scenarios).

The seven pilot site ecosystems cover:

e Southern Burgenland (EcoEnergyland), Austria, 5 private households (residential), 8 townhouses
(residential), 5 public buildings (tertiary).

e TUCN, Romania, dormitories B09/B10 (residential), campus restaurant B11 (tertiary).

e E-Factory, ENTECH, France, industrial.

e Aabenraa, Denmark, 9 apartment blocks, 283 apartments.

e Kouri area, City of Ptolemais, Greece, CERTH/CPERI Building and Mpodosakeio Hospital (tertiary).

e Manzaneda Ski Resort (MEISA), Spain, Galicia Building/Residential and restaurant (tertiary).

e TA-Yhtymae Oy, Finland, 6 new buildings, 21 apartments (residential).

Expected outcomes and BRIDGE relevance

EVELIXIA adopts DTs as operational smart tools, not just models, for decision support and building-grid interaction.
Its example illustrates how DTs enable real-time and predictive building awareness, smarter operational decisions
based on data and forecasts, better coordination between buildings and the grid, delivery of scalable B2G and G2B
services, and replicable deployment across multiple pilot ecosystems. It strengthens the case made in Section 4.5.2
that DTs have become the technology backbone for any CCE smart tool aspiring to citizen-level interactivity and
grid-level impact at scale.

4.2.4.5. Project spotlight: MOPO

End-to-end energy system modelling is pivotal in the planning of a 100% sustainable and resilient energy system.
The European green transition towards 2050 requires modelling capabilities beyond the current state of the art.

MOPO is an EU-funded research project (2023-2026) developing open-source energy system modelling tools. The
project combines component tools producing input data for creating model-ready datasets, scenario and workflow
management, and medium and long-term energy system planning. Its aim is to provide a user-friendly, open-source
and validated set of tools to benefit decision-makers in network operation, industry and public authorities.

Smart tool: SpineOpt and the Spine-Toolbox ecosystem

SpineOpt is an adaptable bottom-up partial-equilibrium mixed-integer linear programming modelling framework
focusing on operations and investments. It offers a generic core structure that enables integrated modelling of
arbitrary energy vectors, flexible temporal and stochastic structures!* and a set of advanced algorithms (Benders
decomposition, modelling to generate alternatives, MGA , and Monte Carlo parameter sampling).

The generic energy system structure is modelled as a graph of nodes, units and connections. The default objective
minimises expected total system costs, but it can be customised (for example, single-actor optimisation as a price-

14 Rolling horizon for operations combined with representative periods for investments, scenario-based stochastics for
decision-making under uncertainty, different temporal resolutions for different energy vectors.
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taker). Temporal and stochastic structures can be defined for each node, and unit commitment and investment
decisions can be represented alongside operations. The tool spans timeframes from sub-seconds (stability, load
flow, control) up to decades (capacity expansion and system planning), covering economic dispatch, unit
commitment, storage and maintenance scheduling, capacity expansion planning, system planning and scenario
analysis.

The Spine tools ecosystem

SpineOpt is part of a broader tool family developed and maintained by the Mopo consortium. The ecosystem
presented to the Smart Tools SG includes:

e Spine Toolbox, workflow and data management environment for energy system modelling.

e SpineOpt, the optimisation core (described above).

e Spinelnterface, interface layer bridging model definitions and the solver backend.

e Spine Engine, execution engine coordinating workflows.

e CorRes, component library for renewable-resource data preparation.

e ChaproEV, tooling for EV charging profiles.

e ArchetypeBuildingModel, building-stock archetypes for generating representative demand profiles.

Current limitations and BRIDGE relevance

The Mopo team is transparent that SpineOpt remains research software under development, built by researchers
primarily for researchers. Three specific limitations were shared with the BRIDGE Smart Tools SG: usability can still
be improved (simple models are easy to set up, but some complex features remain cumbersome); the learning
curve is steep (examples and documentation cover the basics, but some complex features are not yet well
documented and the codebase can be time-consuming to debug); and computational performance is not optimal
(model-building time is the key bottleneck, primarily affecting large single-shot investment models, while
operational rolling-horizon optimisation is comparatively much faster). The Mopo project is explicitly addressing
these issues within the remaining time and resources of the programme.

For the BRIDGE CCE smart tools inventory, MOPO is an important reference at the 'expert' end of the spectrum: it
exemplifies open-source scientific tooling for long-term energy system planning, and its limitations illustrate the
broader lesson set out in Section 4.5.3, that replicability at EU scale requires sustained investment in usability,
documentation and performance, not only in capability.

4.3 Smart tools inventory: key insights and analysis

This section synthesises the quantitative and qualitative insights from the smart tools inventory captured in the
Knowledge Hub. Seven smart tools were profiled during the 2025-2026 cycle using the standardised collection
template, covering diverse tool types, maturity levels and target user groups.

4.3.1. Overview of profiled tools

The profiled tools cover the main categories of smart tools identified in the previous annual report and expanded
during the current cycle: digital platforms for citizen engagement, intelligent software assistants for household
flexibility, administrative platforms for emissions management, demand response orchestration platforms,
flexibility marketplaces, loT gateways with edge computing, and smart-contract frameworks.

Table 4.1: Overview of profiled smart tools (Knowledge Hub, 2025-2026 cycle)

ecoCommunity RE-EMPOWERED

iFLEX Assistant iFLEX Lab and operational 7

35



r Consumer and Citizen Engagement Working Group

Annual Activity Report 2025-2026

SITE GEMINIS TOOLS Operational 8
HESTIA Platform HESTIA Operational 7-8
GlLocalFlex marketplace GLocalFlex Operational ,
E:c?:\g/Zt::nx and loT GLocalFlex / EDF (French pilot) Operational 6-7
Smart Contract Framework GLocalFlex / TU Dortmund (German pilot) Lab and field 7

Functional scope (Table 4.1) ranges from citizen-facing platforms (ecoCommunity, iFLEX Assistant) through
administrative tools (SITE), to infrastructure-level systems (HESTIA, GLocalFlex marketplace, Energy Box, Smart
Contract Framework). Representative functional profiles include:

ecoCommunity (RE-EMPOWERED): digital platform enhancing citizen engagement, active participation and
technology acceptance across four demo sites. Main functionalities include dynamic pricing mechanism for
residential loads, management of non-critical loads, electronic billing and payment, community forum and
a feedback portal, tailored to the special requirements of energy-disadvantaged communities.

iFLEX Assistant: intelligent software assistant (mobile and web-based) for easy management of household
energy flexibility, optimising on behalf of consumers/prosumers according to their preferences (comfort,
cost, environmental footprint, automation). The assistant learns household consumption behaviour
(creating a DT) and reacts to flexibility signals or requests, with pilots covering households with heat pumps
and PV in Slovenia, households with high-energy appliances in Greece, and an apartment building (143
residents) with hybrid heating in Finland, plus a supermarket portfolio for testing with different flexible
assets.

SITE (GEMINIS TOOLS): online platform for managing administrative and technical processes associated
with greenhouse gas emissions and supporting decision-making on reduction measures, intended for city
councils and private companies. Functions include data collection, calculation, analysis, reduction planning,
administrative-process management for carbon-footprint registry and SECAP, and evaluation of actions.
HESTIA Platform: service-oriented, cloud-based DR platform for residential communities. Incorporates
holistic real-time energy optimisation, consumer DT with SSH-driven behaviour modelling, advanced
recommendation and decision support, and consumer benchmarking and profiling for fair benefit
distribution and targeted engagement strategies.

GLocalFlex marketplace, Energy Box, Smart Contract Framework (GLocalFlex): three complementary
smart tools from the same project, covering respectively the market platform (with automated trading
algorithms and matching of flexibility offers and requests), the residential gateway with edge computing at
the French pilot (data collection, forecasting, baseline and flexibility-potential calculation, asset control and
user interaction), and self-executing smart contracts for authentication and verification on the marketplace
at the German pilot.

4.3.2. Tool maturity analysis

A distinctive feature of the 2025-2026 inventory is the concentration of profiled tools in the upper half of the
technology readiness level scale. This marks a shift compared with earlier BRIDGE smart-tool mapping, reflecting
the transition of many R&I projects from prototype to pre-commercial validation.

Table 4.2: TRL distribution of profiled smart tools
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TRL 5 (validated in relevant environments) 1 ecoCommunity

TRL 6-7 (prototype / demo) 2 iFLEX Assistant (TRL 7); Energy Box (TRL 6-7)
TRL 7 (demonstration) 1 Smart Contract Framework

TRL 7-8 (system complete and qualified) 1 HESTIA Platform

TRL 8 (complete and qualified) 1 SITE

Not formally declared 1 GLocalFlex marketplace

Testing environments mirror this maturity pattern: one tool tested exclusively in the lab, one in both lab and
operational environments, one in lab and field, and four directly in operational environments. This evolution
confirms the key trend anticipated in the previous annual report, smart tools are no longer optional enhancements
but are maturing into essential infrastructure for a participatory, decentralised energy system. Several specific
technological frameworks, data standards and evaluation approaches used across different smart tools and project
pilots have been used. Projects utilise open-source foundational simulation frameworks and modular architectures
to test systems. To support data integration and ensure tools are robust across different systems, testing and
deployment rely heavily on standard semantic models including IEC CIM (for grid assets), SAREF (for smart homes
and loT), DTDL, IFC (for buildings), and W3C Web of Things. Multi-project testing architectures are aligned with
European Energy Data Spaces using trust frameworks like GAIA-X and the IDSA Connector to ensure secure,
sovereign data exchange. The tools are validated using structured design and evaluation methodologies, including
design thinking, Agile UX/UI, Double Diamond, Systems Engineering V-Model, and model-based design. For
consumer-facing applications (such as the HESTIA Platform), testing relies on SSH-driven behaviour modelling and
consumer benchmarking. Following advanced validation (such as in the INTELLIGENT and ENFLATE pilots), the Smart
Tools Subgroup consolidated a six-step structured compliance roadmap. This includes explicit guidelines on
Explainable Al (XAl) integration, documentation templates, bias testing and human-oversight design patterns.

With respect to the development/replication axis, the majority of profiled tools (ecoCommunity, iFLEX Assistant,
SITE, HESTIA) are new developments, while GLocalFlex's Smart Contract Framework explicitly treats replication as
dependent on the finalised design, a nuance that aligns with the replicability discussion in Section 4.5.3.

4.3.3. Stakeholder and lifecycle mapping

In line with the Knowledge Hub's organisational structure established in the previous annual report, the inventory
groups tools by target user type and by development lifecycle stage. The 2025-2026 collection confirms that BRIDGE
smart tools span the full range of user categories defined in the Knowledge Hub.

Table 4.3: Stakeholder mapping of profiled tools

User category Examples from the inventory

ecoCommunity (residential/commercial of Local Energy Systems, microgrid
Society, citizens, communities, managers); iFLEX Assistant (households, apartment residents, building managers);
households HESTIA Platform (residential users, energy-community members); Energy Box
(residential consumers)

GlLocalFlex marketplace (enables DSO and aggregator participation); Smart
Contract Framework (DSO, trader and aggregator roles in the trading flow)
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SITE (city councils and private companies); GLocalFlex marketplace (tertiary, small

Third parties , public and private . . .
P ol P industrial and commercial consumers)

design/development to implementation to exploitation to maintenance), the inventory confirms a concentration
of activity in design/development and implementation phases, with SITE (TRL 8) and the HESTIA platform (TRL 7-8)
moving into exploitation. Supporting tools such as the Knowledge Hub itself and the planned Interoperability
Testbed will become increasingly relevant as more tools transition toward the maintenance phase of their lifecycle.

Frequency of use is similarly homogeneous: most tools are designed to be used continuously or continually, with
the Smart Contract Framework applied at discrete points of the marketplace trading process (authentication during
user enrolment, verification support).

4.4 Key deliverable: The Smart Tools Knowledge Hub

The Smart Tools Knowledge Hub is the central deliverable of the SG for the 2025-2026 cycle. The previous annual
report set out its vision, functionalities, structure, core components and long-term enablers. The 2025-2026 cycle
has implemented these specifications into a working repository that is already collecting tool profiles from BRIDGE
projects and is designed to evolve into a continuously updated, cross-WG knowledge resource.

4.4.1. Purpose and primary functionalities

The purpose of the Knowledge Hub is to support the development, adoption and replication of digital solutions
across the EU energy ecosystem. Four primary functionalities structure the hub:

e Facilitate Knowledge Sharing, aggregate and disseminate best practices, methodologies and lessons
learned from EU-funded projects.

e Support Interoperability and Standardisation, provide reference frameworks and data models to
harmonise efforts across initiatives.

e Enhance Replicability, enable stakeholders to adapt smart tools to various contexts and regional needs.

e Ensure Long-term Sustainability, act as a continuously evolving resource that extends beyond the lifecycle
of individual projects.

These functionalities are underpinned by a set of hub capabilities consolidated in the previous report and preserved
in the 2025-2026 implementation: a centralised repository, a user-friendly interface, interoperability with external
platforms (including EU Data Spaces for Energy), collaborative contribution features and dynamic content updates
to stay aligned with EU policy and technological advances.

4.4.2. Core components and technical domains

Consistent with the architecture introduced in the previous annual report, the Knowledge Hub is organised around
four core components (smart tools repository; Methodologies and Best Practices; Thematic Knowledge Base;
Interoperability Testbed) spanning six technical domains identified in 2024-2025 (tools, methodologies, data and
interoperability, security and compliance, Al and automation, deployment and replication).

The four core components in the 2025-2026 cycle:

e A. Smart Tools Repository, comprehensive listing of tools with technical specifications, user targets and
compliance with standards.

e B. Methodologies and Best Practices, guidance on user-centric development, privacy and security, and
strategies for scaleability and replicability.

e C. Thematic Knowledge Base, insights into harmonisation challenges, standardisation efforts and
certification pathways.

e D. Interoperability Testbed, live testing environments and integration guidelines to support validation and

demonstrations.
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Compared with the previous annual report, the 2025-2026 cycle has added operational depth on two technical
domains that have matured during the year: Al compliance and ethics (with concrete frameworks, checklists and
examples drawn from the 1° Workshop) and DTs, data spaces and semantic interoperability (with a taxonomy of
DTs, a standards map, CIM, SAREF, DTDL, IFC, W3C WoT , and integration patterns with GAIA-X and IDSA drawn
from the 2" Workshop).

4.4.3. Repository structure

The repository is implemented as a structured spreadsheet, accessible to all BRIDGE CCE members and designed
for migration into a web-based interface, organised around five interlocking worksheets that correspond to the five
perspectives set out in the previous annual report:

Table 4.4: Repository structure of the Smart Tools Knowledge Hub

Tool name; type and description; project and
responsible person; testing environment;
TRL; frequency of use; target

1. Smart Tool Identification Tool metadata and technical profile = consumer/prosumer; main functions;
advantages and disadvantages; testing and
evaluation; develop vs replicate; project type
fit; public sources

Methodology classification (Design Thinking,
Agile, Double Diamond, V-Model, MBD, Lean

2. Methodolo Development and design approach
gy P gn app UX); user engagement strategy; stakeholder
involvement; rationale for selection
. . e . Society (citizens, communities); utilities; third
3. Grouping by User Types User-centric classification v )

parties (tech providers, regulators)

Identification; preparation;
4. Grouping by Stages Lifecycle positioning design/development; implementation;
exploitation; maintenance

5. Issues of Smart Tool L Issue type; timing; impact on replicability;
Issue taxonomy and mitigations . e
Development documented solutions and mitigations

At the close of the 2025-2026 cycle, the repository contained seven fully profiled tools (see Section 4.3) plus ongoing
contributions covering methodology entries, user-group mappings, lifecycle stage assignments and issue-taxonomy
entries. The Issues worksheet in particular is designed to compile the lessons learned and will be a key input for the
2026-2027 annual report, supporting a future dedicated section on 'what goes wrong and how to fix it' in smart-
tool development.

4.5 Key topics and cross-cutting themes

This section consolidates the cross-cutting findings of the 2025-2026 cycle along the three priority themes that
emerged from the two workshops and the inventory analysis. It connects directly to Sections 4.4.4-4.4.6 of the
previous annual report (cybersecurity guidelines, Al use cases, Knowledge Hub functionalities) and enriches them

with updated evidence.
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4.5.1. Al developments and compliance

Building on the five Al integration modes described in the previous annual report (Predictive Analysis, Energy
Modelling Al, Al-based NLP (natural language processing), Ethical Al Guidelines, Al Forecasting), the 2025-2026 cycle
confirms that Al-driven decision-making is widely adopted across BRIDGE projects, but that integration depth and
maturity varies significantly. Concrete examples identified during the 1st Workshop include: predictive analysis and
Al forecasting across multiple projects; energy modelling Al (notably in EVELIXIA and HESTIA); NLP and
conversational Al (INTELLIGENT, ODEON); and ethical Al guidelines (EU-DREAM, InterPED).

To evaluate whether an Al-driven tool complies with upcoming European laws, the subgroup promotes a structured
six-step approach:

1. Classify the Al System: Determine its risk tier (e.g., if it interacts with critical energy infrastructure or
affects fundamental rights, it is classified as High Risk).

2. Document Al Systems: Maintain detailed technical documentation covering the intended purpose,
performance metrics and training data characteristics.

3. Implement XAl Mechanisms: Integrate explainable Al tools (like SHAP or LIME) so users can understand
automated decisions.

4. Ensure Human Oversight: Evaluate and design override mechanisms allowing human intervention in
automated energy dispatch or demand-response (DR) decisions.

5. GDPR & Al Act Alignment: Combine Data Protection Impact Assessments (DPIA) with Al risk assessments.

6. Bias Testing and Monitoring: Test for demographic/algorithmic biases in machine learning models and
implement fairness metrics.

Projects evaluate the ethical and technical robustness of their Al integrations by actively referencing six core
frameworks:

O EU Ethics Guidelines for Trustworthy Al (2019): Used to score the Al against seven core requirements
(human agency, technical robustness, privacy, transparency, diversity, societal well-being and
accountability).

[0 ALTAI (Assessment List for Trustworthy Al): A practical operational checklist used by projects as a self-
assessment tool to evaluate their Al systems.

[ IEEE Ethically Aligned Design (IEEE EAD): A widely cited benchmark for prioritising human well-being in
autonomous systems.

[0 GDPR (Article 22): Used to evaluate the user's "right to an explanation" regarding automated profiling and
decision-making. ISO/IEC 42001: An international standard utilised as an emerging compliance reference
for Al management systems.

4.5.1.1. The EU Al Act as a binding context

The EU Al Act entered into force in August 2024 and is being applied up to and including 2027. For the energy sector
the key risk tiers are: Unacceptable Risk (banned Al systems , e.g. social scoring, real-time biometric surveillance ,
not applicable to the energy sector); High Risk (Al in critical infrastructure including energy, safety systems and
systems affecting fundamental rights , covering energy management, DR automation and grid control); Limited Risk
(Al with transparency obligations , for example chatbots must identify as Al, relevant for NLP interfaces and virtual
energy assistants); Minimal Risk (spam filters, Al-enabled video games, analytics dashboards and recommendation
engines , no specific obligations).

When an Al tool qualifies as High Risk, six key obligations apply: (1) establish and maintain a risk-management
system throughout the Al system's lifecycle; (2) ensure data governance with training, validation and testing data
meeting quality criteria and no discriminatory biases; (3) prepare and keep up to date comprehensive technical
documentation; (4) maintain automatic event logging to ensure traceability throughout the Al system's lifetime; (5)
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provide transparency to deployers and users on capabilities, limitations and intended purpose; and (6) enable
effective human oversight , design must allow intervention and override.

4.5.1.2. XAl and ethical frameworks

XAl refers to methods and techniques that make Al decisions understandable to humans. XAl matters for energy
tools because end users need to understand why their devices are being controlled, grid operators must verify Al-
driven dispatch decisions, regulators require auditable decision trails for critical infrastructure, and users with
different literacy levels need adapted explanations. Common XAl approaches include LIME/SHAP (local feature-
importance explanations), saliency maps (for image/spatial data), rule extraction (human-readable decision rules),
attention mechanisms (what the model focused on) and counterfactuals (‘what if' scenarios for decision
explanation).

Six ethical frameworks are now actively referenced by BRIDGE projects:

e EU Ethics Guidelines for Trustworthy Al (EC, 2019), seven requirements: human agency, robustness,
privacy, transparency, diversity, societal well-being and accountability.

e ALTAI, Assessment List for Trustworthy Al (EC, 2020), practical checklist operationalising the EU Ethics
Guidelines for self-assessment of Al systems.

e |EEE Ethically Aligned Design (IEEE EAD), prioritises human well-being in Al/autonomous systems design,
widely cited in R&I projects.

e EU Al Act (2024) compliance framework, legally binding obligations for high-risk Al covering risk
management, documentation and human oversight.

e GDPR alignment, data minimisation, consent, right to explanation (Article 22), privacy by design for Al-
driven tools.

e ISO/IEC 42001 Al Management System, international standard for Al management systems, emerging
compliance reference.

4.5.1.3. Key challenges and practical compliance steps

Six recurring challenges emerged in the 15 Workshop discussion: data privacy and security (smart-meter data
reveals behaviour patterns, GDPR compliance and anonymisation required); bias and fairness (algorithmic bias in
DR or pricing can disadvantage vulnerable groups); user trust and adoption (low Al literacy among residential users
and concerns about reliability); regulatory complexity (overlap between GDPR, NIS2 Directive, EU Al Act and
national regulations creating a fragmented compliance landscape for cross-border tools); environmental impact
(training and running Al models requires significant compute , projects should balance Al benefits against energy
and carbon footprint); and accountability gaps (unclear responsibility when Al-driven decisions cause harm , need
for documented accountability chains).

From these findings, the SG consolidates a six-step approach to Al Act compliance for BRIDGE R&lI projects:

e 1. Classify the Al system, determine the risk category. Does the Al interact with critical energy
infrastructure? Does it affect users' fundamental rights?

e 2.Document Al systems, maintain technical documentation covering intended purpose, performance data,
training data characteristics and known limitations.

¢ 3. Implement XAl mechanisms, integrate explainability tools (SHAP, LIME), users must understand Al-
driven decisions affecting their energy usage.

e 4. Ensure human oversight, design override mechanisms, humans must be able to intervene in automated
energy dispatch and DR decisions.

e 5. GDPR + Al Act alighment, combine Data Protection Impact Assessments (DPIA) with Al risk assessments;
use the ALTAI self-assessment checklist.

e 6. Bias testing and monitoring, test for demographic bias in ML models, implement fairness metrics and

continuously monitor deployment.
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4.5.1.4. Cybersecurity and data security for Al energy tools

The cybersecurity guidance set out in Section 4.4.4 of the previous annual report is confirmed and extended with
Al-specific measures. Four concern areas and their recommended responses:

e Data breaches and unauthorised access, multi-factor authentication, role-based access control, end-to-
end encryption, intrusion detection systems.

e GDPR and data protection compliance, privacy by design, data minimisation, explicit user consent, regular
DPIA, data retention policies.

e Al transparency and security, XAl mechanisms, bias audits, model documentation, version control for Al
models.

e Securing communication channels, TLS/SSL for all data in transit, MQTT with TLS for IoT devices, API
authentication (OAuth2, API keys).

4.5.1.5. Findings from the interactive roundtable (1%* Workshop)

The 1°* Workshop Mentimeter roundtable collected live, anonymous input from participants on seven Al
compliance topics. The questions asked, and the themes that emerged in the live discussion, were the following:

e Biggest barrier to Al adoption in energy communities: user trust and data privacy; regulatory clarity;
interoperability and data quality; digital literacy; computational/environmental cost.

e Quality of Al decision explanations to end users today (1-5 scale).

e Ethical Al frameworks adopted or referenced (multi-select): EU Ethics Guidelines, ALTAI, IEEE EAD, GDPR
Article 22, ad-hoc/none, other.

e One- or two-word concerns of end users (word-cloud), with 'trust' and 'privacy' consistently surfacing as
top concerns, as summarised in Section 4.6.

e EU Al Act preparedness (1-5 scale), only about 30% of projects reporting 'mostly' or 'fully' prepared, most
at early or intermediate stages.

e Most-needed compliance support: shared compliance templates and checklists, legal and regulatory expert
sessions, peer learning from other BRIDGE projects, EC-specific guidance for energy R&I, dedicated Al
compliance work-package funding.

e The single action most likely to increase user trust in Al tools, discussed live.

The overall takeaway of the 1 Workshop closing session is that the EU Al Act is law: high-risk Al in energy systems
faces binding obligations (documentation, oversight, transparency, bias management). XAl is both ethical and
strategic, it builds user trust and regulatory confidence and must be integrated from the design stage. GDPR and Al
Act apply simultaneously, and BRIDGE projects should pool compliance experiences via the Knowledge Hub to avoid
duplicating compliance work.

4.5.2. Digital twins, data spaces and interoperability

The second priority theme of the cycle, addressed in depth during the 2" Workshop and reflected in the EVELIXIA
and DIGITISE spotlights, is the transformation of DTs from monitoring dashboards into active decision-making
agents, and the emergence of NLIs as the critical missing link between technical DT outputs and citizen-level
engagement.

4.5.2.1. Digital twin taxonomy and core use cases

Six DT categories now operate across BRIDGE projects:

e Building-level DTs, virtual models encoding energy consumption, thermal dynamics, occupancy, RES and
flexibility assets for demand-response optimisation (see EVELIXIA ABDT).

e Grid and microgrid DTs, digital representations of distribution grids and DER fleets enabling fault detection,
optimal dispatch and real-time grid state estimation.
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Consumer and prosumer DTs, personalised household DTs encoding preferences, tariffs and appliance
schedules (see DIGITISE Household DT and the iFLEX Assistant DT of household consumption).

City and district energy DTs, integrated urban energy-system DTs for district heating and cooling, EV
charging and multi-vector energy planning (see EVELIXIA ADDT).

Industrial process DTs, DTs of industrial energy consumers enabling process-level flexibility.
Sector-coupling DTs, cross-sector DTs simultaneously modelling electricity, heat, gas, transport and
industry (ENFLATE combines transport and electricity).

4.5.2.2. Al-enhanced digital twins, state of the art

Six Al integration patterns were identified as the current state of the art for energy DTs:

ML forecasting in DTs, LSTM, GRU and transformer models integrated for short-term load, RES output and
price forecasting, with documented reductions in energy-procurement cost of up to 15%.

Reinforcement learning control, RL agents embedded in DTs autonomously optimising HVAC, EV charging
and storage dispatch, learning from real-time grid signals and occupant feedback.

Predictive maintenance, anomaly-detection models in DTs identifying equipment degradation before
failure, reducing downtime and O&M costs across smart-grid assets.

Federated and edge Al in DTs, federated learning preserving data privacy by training DT models locally, and
edge Al reducing latency for real-time DT synchronisation in constrained loT environments.

Generative Al and simulation, generative models creating synthetic DT data for scenario simulation and
training, enabling what-if analysis for grid planning and DR design.

XAl for DT decisions, SHAP, LIME and attention mechanisms explaining Al-driven DT recommendations to
grid operators and citizens.

Emerging research directions highlighted in the 2" Workshop include foundation-model DTs (large pre-trained
models fine-tuned on energy system data), multi-physics DT coupling (for sector-coupling optimisation),
collaborative/federated DTs (networks of DTs sharing state while preserving data sovereignty), conversational DT
interfaces (RAG-based NLIs grounding LLM responses in live DT data) and real-time DT synchronisation (enabled by
5G, edge computing and MQTT v5).

4.5.2.3. Natural language interfaces (NLIs) for energy systems

NLIs are transforming citizen engagement with energy DTs through six patterns:

Query-based interfaces, conversational access to DT state and historical data.

Proactive Al advisors, LLM-powered advisors monitoring DT state and proactively alerting users to savings
opportunities, grid events or maintenance needs.

Voice and multimodal NLI, voice-activated interfaces and multimodal apps extending NLI to non-digital-
native citizens and accessibility-constrained users.

RAG-enhanced energy advisors, Retrieval-Augmented Generation grounding LLM responses in project-
specific DT data and regulatory documents to reduce hallucination risk.

Multilingual and low-literacy support, NLIs adapted to local languages and simplified explanations, essential
for a just energy transition.

Explainability and trust, NLIs must explain DT-driven recommendations transparently, with XAl ensuring
users understand the 'why' behind automated decisions.

4.5.2.4. Interoperability and EU Energy Data Spaces

Connecting DTs across projects and to EU-wide data infrastructure depends on four layers of standards:

Semantic standards for DT interoperability, IEC CIM for grid assets; SAREF for smart home and loT; DTDL
for Azure-based DTs; IFC for buildings; W3C Web of Things for device description.
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e EU Energy Data Spaces (GAIA-X / IDSA) , IDSA Connector and GAIA-X Trust Framework enabling secure,
sovereign DT data sharing; Fiware Smart Data Models providing reusable cross-project ontologies.

e APl and communication protocols, REST/OData APIs for data queries; MQTT/AMQP for real-time DT event
streams; OPC-UA for industrial asset integration; SPARQL for semantic data querying.

e DT platforms, Eclipse Ditto, Azure DTs, AWS loT TwinMaker as mainstream platform options.

Cross-project DT collaboration challenges highlighted by the workshop: ontology heterogeneity; governance for
data-sharing agreements; and the real-time performance vs semantic richness trade-off. These reinforce the 2024-
2025 recommendation to coordinate with EU initiatives like GAIA-X and Data Spaces for Energy and to share
components and results across BRIDGE projects to avoid duplication.

4.5.2.5. Findings from the interactive roundtable (2" Workshop)

The 2" Workshop Mentimeter roundtable asked participants seven DT/NLI-related questions. The themes covered
were:

e The biggest challenge faced when deploying DTs, data interoperability and semantic standards;
computational and real-time performance; user trust and privacy; standardised ontologies (CIM, SAREF,
DTDL); integration with legacy BMS and SCADA.

e Maturity of the project's DT implementation (1-5 scale).

e DT standards or frameworks used or referenced (multi-select): CIM, DTDL, W3C WoT, SAREF, IFC, project
specific.

e What the project's DT primarily models (word cloud).

e How well DT-driven recommendations are explained to non-technical end users (1-5 scale).

e How DT data is exposed to end users (web dashboard, NLI/chatbot, mobile application, automated alerts,
data API).

e What a NLI should do for users that current tools cannot (word cloud).

Background analysis from the smart tools survey highlighted five recurring themes confirmed by the live poll:
interoperability gap (incompatible DT data models; lack of shared semantic standards is the top technical barrier to
cross-project collaboration); NLI adoption gap (while DTs are technically mature, citizen-facing NLIs remain nascent
, most projects lack conversational interfaces for non-technical users); data space readiness (only a minority of
BRIDGE projects have explored Energy Data Space integration, with governance complexity and tooling immaturity
as main barriers); scalability challenge (pilot-scale DTs rarely replicate at EU scale because of socio-economic,
regulatory and technical heterogeneity); and trust and explainability deficit (citizens remain sceptical of DT-driven
automated decisions affecting their homes).

The key takeaways of the 2" Workshop are therefore: DTs are maturing into active decision-making agents, not
just monitoring dashboards; NLIs are the critical missing link between technical DT outputs and citizen-level
engagement; semantic interoperability (CIM, SAREF, DTDL) is the top technical bottleneck , projects must agree on
standards early; EU Energy Data Spaces (GAIA-X, IDSA) provide the governance architecture, and BRIDGE projects
should align DT data models now; and the SG calls on all projects to contribute DT and NLI profiles to the Knowledge
Hub.

4.5.3. Replicability, scalability and standardisation

Replicability and scalability remain the sixth thematic priority of the SG, and the 2025-2026 cycle has turned the
2024-2025 general recommendations into concrete, actionable guidance drawing on the inventory, the workshops
and the project spotlights.

4.5.3.1. What works

e Early user engagement and iterative development. All profiled tools that successfully reached TRL 7+
(iIFLEX Assistant, HESTIA, SITE, Smart Contract Framework) follow explicit user-centred design and iterative
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evaluation cycles.

Modularity and open standards. The iFLEX Assistant's modular sub-systems approach, DIGITISE's reliance
on GridLAB-D/Arras Energy and INTELLIGENT's open-source GSY DEX platform show how open, modular
frameworks accelerate replication across pilot sites.

Diverse pilot portfolios. Tools tested in heterogeneous pilot ecosystems (iFLEX Assistant in Slovenia,
Greece and Finland; EVELIXIA in 7 ecosystems across 7 countries; INTELLIGENT in 4 pilots across 3 countries)
are more robust to socio-economic, climatic and regulatory variability.

Structured data and protocol formats. Adoption of open standards and APIs (JSON, MQTT, IEC protocols),
common semantic models (SAREF, GAIA-X, Fiware Smart Data Models) and modular system architectures
consistently emerge as the prerequisite for interoperability.

4.5.3.2. What still blocks replication

Semantic fragmentation. Despite years of harmonisation, vendor lock-in and semantic fragmentation
persist, confirmed as the top technical bottleneck by the 2" Workshop poll.

Cultural and regional variability. Differences in user behaviour and digital literacy continue to require
locally adaptable interfaces and engagement strategies; a tool performing well in one country may fail in
another.

Regulatory complexity. Differing national regulations limit replicability and scalability across borders,
compounded by the fragmented GDPR/NIS2/Al Act landscape.

Usability debt in research software. As the MOPO spotlight transparently illustrates, some of the most
powerful modelling tools built in research contexts carry steep learning curves, incomplete documentation
and performance bottlenecks, blocking reuse beyond the research community.

4.5.3.3. Recommendations

Building on and updating the 2024-2025 recommendations, the SG proposes the following replicability and
scalability priorities for 2025-2026 and beyond:

For smart-tool developers: integrate co-creation and testing throughout development; use open, modular
frameworks; align with user realities, especially for vulnerable groups; invest early in documentation and
usability as first-class deliverables, not afterthoughts.

For interoperability and harmonisation: adopt open APIs, standard ontologies and common data formats
(CIM, SAREF, DTDL, IFC, W3C WoT); coordinate with EU initiatives like GAIA-X and Data Spaces for Energy;
share components and results across BRIDGE projects to avoid duplication; contribute to the Knowledge
Hub as a routine project obligation.

For ethical and secure Al: ensure transparency through XAl and bias-detection tools; align with the EU Al
Act and GDPR by design; use ethical frameworks (ALTAI, IEEE EAD) to guide development and deployment.
For replicability and societal impact: include a replicability and scaleability work package in project design;
pilot tools in diverse regions and user groups; provide documentation, templates and plug-and-play
modules to support reuse.

4.6 Conclusions

The 2025-2026 cycle confirms and build on the conclusions of the previous annual report, while adding substantive
evidence from a populated tool inventory, two thematic workshops and five project spotlights. Smart tools are no
longer optional enhancements, they are essential infrastructure for a participatory, decentralised and digital energy

system.

The SG's main outcomes for 2025-2026 are:

Smart tools are essential infrastructure. The inventory shows a clear maturity shift, with six of seven
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profiled tools at TRL 6 or above and five tested in operational environments.

Al integration is accelerating, but ethical frameworks and compliance pathways remain underdeveloped
in many R&I projects. The 1st Workshop confirmed that only about 30% of BRIDGE projects are mostly or
fully prepared for EU Al Act compliance, while 'trust' and 'privacy' are consistently the top user concerns.
Sustainability and transparency are prerequisites for user trust. Ethically and legally under the EU Al Act.
XAl, documented accountability chains, and privacy-by-design are now compliance requirements, not best
practices.

Cross-project collaboration and the Knowledge Hub are the most efficient paths to compliance and
innovation sharing. Pooling compliance experience and shared templates through the hub materially
reduces duplicated effort across BRIDGE.

Projects benefit most from early user engagement, iterative development, and standardised data
formats and protocols. Confirming the user-centred findings of the previous annual report with fresh,
concrete evidence.

DTs are maturing into active decision-making agents, not just monitoring dashboards. NLIs are the critical
missing link between technical DT outputs and citizen-level engagement and action.

Semantic interoperability (CIM, SAREF, DTDL) is the top technical bottleneck. Projects must agree on
standards early. EU Energy Data Spaces (GAIA-X, IDSA) provide the governance architecture and BRIDGE
projects should align DT data models now.

The BRIDGE CCE Smart Tools SG is well-positioned to support projects navigating this rapidly evolving
landscape, and acts as the primary channel through which EU R&I projects can share, align and scale up
their smart-tool contributions.

4.7 Next Steps

The Smart Tools SG proposes the following priorities for 2026-2027:

Cybersecurity and data security for Al energy tools

Launch a dedicated working stream on secure Al deployment for energy applications, translating the cross-
cutting cybersecurity findings of Sections 4.5.1 and 4.5.2 into a concrete playbook covering authentication,
encryption, loT and edge-device hardening, model versioning and auditability, and incident-response
procedures tailored to CCE smart tools.

Al Ethics in energy tools

Develop practical governance frameworks and guidance for ethical Al deployment in citizen-facing energy
tools, including concrete templates for documentation, ALTAIl-based self-assessment, XAl integration
patterns, bias-testing protocols and human-oversight design patterns. These will be published in the
Methodologies and Best Practices component of the Knowledge Hub. Hub. Furthermore, the SG will explore
the newly published draft Commission guidelines on the classification of high-risk Al systems. As the
Commission prepares to publish the final official guidelines, the SG will use this new material to reinforce
its current compliance analysis and risk-tier mapping. To ensure that the specific operational constraints of
the energy sector are well represented, the SG will also encourage and coordinate member participation in
the ongoing open public consultation ("Draft Commission guidelines on the classification of high-risk Al
systems").

Knowledge Hub expansion

Integrate DTs and NLI tool profiles as a dedicated thematic cluster in the Knowledge Hub, reflecting the
maturity of these technologies and the level of cross-project learning they enable. Explore alignment with
the Indicators data space being developed by the CCE Indicators of Engagement SG, sharing ontologies,
metrics and governance where appropriate.

Cross-WG collaboration

Deepen coordination between the Smart Tools and Indicators SGs on common ontologies and shared
metrics; continue alignment with the Data Management WG (semantic interoperability), the Business
Models WG (tool monetisation and value sharing) and the Regulation WG (legal alignment and market

scaling).
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e Support for emerging technologies
Maintain and expand the SG's role as a watchtower for emerging technologies, tracking developments in
foundation-model DTs, federated learning at scale, RAG-enhanced NLlIs, sector-coupling optimisation and
post-EU Al Act compliance tooling, so that BRIDGE projects have early and structured access to these
capabilities as they mature.
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5 INDICATORS OF ENGAGEMENT

Subgroup leaders: Carlos Montalvo (DRIVE2X); Emmanuel Fragniere, Chiara Valerio (O-CEIl)

5.1 Scope of the work

The energy transition increasingly depends not only on technological innovation, but also on the capacity of projects
to meaningfully engage citizens, consumers, communities and institutional stakeholders. As engagement activities
become more central within European R&I projects, there is a growing need for robust, transparent and comparable
indicators in this area.

Projects and funding bodies alike are seeking indicators that can support several complementary objectives:
monitoring engagement processes, evaluating outcomes, steering project implementation, identifying good
practices and generating evidence that can inform future policies and interventions. However, the field still lacks a
commonly shared framework for defining, selecting, measuring, and comparing indicators of engagement across
projects and contexts. Existing approaches often remain fragmented, discipline-specific and context-dependent,
making comparison and cumulative learning difficult.

In 2026, the focus of the SG has matured from merely observing individual actions to building a stronger empirical
foundation that establishes the efficacy of engagement strategies across different energy domains. With this shift,
the SG aims to contribute to a more evidence-based and theory-informed approach to engagement.

A central development here is the effort to construct a preliminary ontology of engagement indicators. This group’s
work seeks to build a common language across Europe, supporting a transition from historically fragmented
approaches toward shared definitions and comparable metrics. Such a framework enables researchers and
practitioners to move beyond assumptions, such as the often-observed but insufficiently understood gap between
expressed intentions and real-world behaviours, towards measurable engagement grounded in causal evidence
and validated theoretical models.

In parallel, the SG explores the foundations for a common data space for engagement indicators, enabling
cumulative knowledge building, replication of findings and greater interoperability of datasets across projects.
Harmonisation of indicators is therefore a key priority, ensuring that data collected in diverse geographical, social,
and technological contexts can be meaningfully compared and aggregated.

At the same time, the SG places strong emphasis on the human dimension of engagement. Beyond observable
behaviours and quantitative metrics, engagement is understood as a multidimensional phenomenon shaped by
emotions, social norms, perceptions of fairness, and relational dynamics. Integrating these qualitative dimensions
(such as elicited emotional states, trust, and perceived legitimacy) into measurement frameworks is essential to
capture the complexity of real-world engagement processes. This perspective aligns with the broader shift within
the European Union towards societal readiness and the promotion of a more inclusive and democratic energy
transition.

Against this background, the Indicators of Engagement (loE) SG continued its work during 2025—-2026 by combining
a more rigorous academic and methodological strategy with a stronger grounding in concrete project experiences.
Through a series of dedicated sessions, the SG analysed contributions from projects such as O-CEl, as well as insights
from Dr. Mona Bielig and Carmen Valor. These contributions allowed for a critical reflection on the conditions under
which indicators can be used, their methodological robustness, and the challenges associated with measuring and
comparing engagement across contexts.

This chapter therefore develops a coherent and structured framework that connects conceptual foundations,
methodological approaches, and empirical examples. Particular attention is given to distinguishing key concepts
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such as social acceptance and acceptability, exploring the role of behaviour as a measurable expression of
engagement, and promoting an experimental mindset capable of establishing causal relationships.

5.2 Methodology of work

Rather than relying solely on abstract frameworks, the SG deliberately structured its work around the comparison
of real-world practices across BRIDGE projects, ensuring that theoretical developments remain closely connected
to operational realities.

This approach was implemented through a series of structured virtual cross-project workshops, where member
projects presented and discussed their engagement strategies, measurement approaches and associated
challenges. In particular, detailed case presentations were provided by projects such as DRIVE2X, XL-Connect, O-
CEl, and FLOW, each offering complementary perspectives across different technological domains, stakeholder
groups and socio-economic contexts. These sessions were designed not only to share knowledge but also to discuss
and examine assumptions, methodologies and results.

Building on these exchanges, the SG conducted a comprehensive review of both qualitative and quantitative
methods used to capture engagement. These included large-scale surveys exploring attitudes and perceptions,
semi-structured interviews providing deeper contextual understanding, and causal field experiments capable of
testing behavioural responses under controlled yet realistic conditions. The integration of these methods reflects a
deliberate move toward mixed-method approaches, acknowledging that no single method is sufficient to capture
the full complexity of engagement processes.

A key outcome of this process was the systematic mapping of engagement indicators across projects. This mapping
exercise enabled the identification of recurring variables and dimensions of engagement, including patterns of use,
behavioural responses, user attitudes, social and moral norms, perceived agency, trust levels and elicited emotional
states. By comparing how these variables are defined, measured and interpreted across different projects, the SG
was able to highlight both convergences and inconsistencies in current practices.

In this context, the SG developed a preliminary common ontology of engagement indicators. This ontology does
not aim to impose a rigid standardisation, but rather to provide a shared structure that clarifies relationships
between key dimensions of engagement and supports the alignment of definitions and measurement scales. By
identifying common building blocks (such as behavioural indicators, attitudinal measures, and relational constructs)
the ontology facilitates dataset interoperability, enhances the comparability of findings across projects, and enables
longitudinal data aggregation.

In parallel, the SG engaged in critical discussions on the feasibility and implications of establishing a future citizen
engagement data space. This discussion reflects a broader ambition to move from isolated, project-based data
collection toward a more integrated and cumulative knowledge ecosystem. The potential benefits are significant:
enabling study replication, supporting meta-analyses, increasing statistical robustness, and accelerating learning
across projects. The adoption of FAIR data principles (Findable, Accessible, Interoperable, Reusable) was identified
as a key enabler of such a transition.

However, these opportunities come with big challenges. The SG explicitly addressed issues related to GDPR
compliance and data protection, particularly the risks associated with re-identifying individuals in small or highly
specific stakeholder groups. In addition, significant barriers remain at the technical and semantic levels, including
differences in data formats, measurement approaches and contextual interpretations of indicators. Ensuring
interoperability therefore requires not only technical solutions but also conceptual alignment and governance
mechanisms that can support trust and ethical data sharing.

Finally, the methodology adopted by the SG is inherently iterative and reflexive. Insights generated through
workshops and case studies feed back into conceptual development, which in turn informs subsequent project
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discussions and measurements. This iterative loop allows the SG to progressively refine both its analytical
framework and its practical recommendations.

This methodological approach provides the foundation for the remainder of the chapter. The subsequent sections
build upon these insights by first illustrating concrete applications through project examples, then developing the
conceptual foundations and indicator categories, and finally exploring key methodological and theoretical
challenges.

5.3 Practice-sharing and Cross-project learning approach

The methodology developed within the IoE SG is grounded in a practice-sharing approach. It was implemented
through a series of structured virtual workshops, enabling direct comparison of methodological choices, conceptual
frameworks and empirical results.

Each workshop session focused on one or two project presentations, allowing for in-depth discussion of
engagement strategies, data collection methods and analytical approaches. The projects that contributed to this
collective process include:

e DRIVE2X — Delivering Renewal and Innovation to Mass Vehicle Electrification enabled by V2X technologies

e XL-Connect — On-demand multi-directional charging solutions for EVs

e FLOW - Flexible energy systems leveraging optimal integration of EV deployment

e int:net — Interoperability Network for Energy Transition

e O-CEl-Open Community Energy Infrastructure project, focusing on social acceptance, prosumer
engagement, and community-based energy systems

These projects cover a range of technological and organisational contexts within the energy transition. The first
three projects primarily focus on EV charging infrastructures and flexibility services, aiming to enhance the
integration of distributed energy resources and user participation in grid management. Their approaches are
generally informed by a combination of behavioural science and innovation frameworks, seeking to better
understand user adoption, participation patterns and the drivers of engagement.

In contrast, the int:net project addresses challenges related to interoperability and system integration, emphasising
the need for coordination among multiple stakeholders involved in the development of integrated energy systems.
Together, these contributions highlight the diversity of engagement contexts, from individual user participation to
system-level coordination.

The analysis presented in this chapter draws primarily on insights from the first three projects, complemented by
the broader discussions emerging from seven IoE workshops. This iterative process of exchange and comparison
has enabled the SG to move from individual project experiences toward a more systematic and comparative
understanding of engagement indicators.

The following section presents the O-CEl project as a structured example of how these methodological elements
can be integrated into a coherent, stepwise framework connecting conceptual understanding, measurement and
real-world validation.

5.3.1 O-CEl example: A four-step social acceptance approach

To operationalise the conceptual foundations and indicator categories introduced in this chapter, the O-CEl project
provides a concrete example of how engagement can be measured, tested, and integrated into system design. It
illustrates how abstract dimensions (such as attitudes, preferences, behaviour and social norms) can be translated
into a structured methodology. In this approach, indicators are not treated as static metrics, but as part of a
continuous process linking understanding, validation, optimisation and experimentation. This allows moving from
conceptual definitions of engagement towards measurable and comparable outcomes, while maintaining a strong

connection to real-world practices.
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The O-CEl project follows a social acceptance by design approach. Smart grids and flexibility services do not rely on
technology alone. They also depend on whether people understand them, trust them and are willing to use them
in everyday life. In this respect, the citizen is not only a consumer, but also a prosumer, with a more active role in
energy use, self-regulation and demand-side management.

Step 1 — Interviews, focus groups and in-pilot ethnography

The first step is qualitative. It uses interviews, focus groups, and in-pilot ethnography to identify the main social
factors behind acceptance. The goal is to understand motivations, resistance to change, trust, cooperation, and
everyday constraints.

This step is important because social acceptance is not only about opinion. It is also about daily life. In the fieldwork
examples, people appreciate group cohesion, mutual aid and environmental awareness, but they also mention
concerns such as lack of privacy and the risk that some people take over common spaces.

DRIVING FORCES RESTRAINING FORCES

« Eco-friendliness « Lack of profitability
« Decrease of electricity consumption Ll « High price of solar panels
« Self-sufficiency, or more autonomy (&) « High price of batteries for electricity
« Reduction of electricity bills = storage
« Knowledge gain < « Complicated administrative
= Known stored energy at power T procedures
failure (W) « Choosing providers for the various
steps

« Communication issues between the

various companies

Lack of aesthetics

- Difficulties finding a solution to store
electricity

+ Time-consuming processes

« Problems with different ontologies at
steering resources.

+ Need of a standardized data.

Figure 5.1: Main results compilation incorporated in a force analysis diagram. Source: Fragniére, E., Sandoz, S.,
Abdennadher, N., Moussa, M., Serugendo, G. D. M., & Glass, P. (2023, May). Improving the social acceptability of
microgrids. In 2023 IEEE

Step 2 — Validation of hypotheses with survey-based statistics and conjoint analysis

The second step is quantitative. It validates the hypotheses from Step 1 through survey-based statistics with
conjoint analysis. In O-CEl, participants compare different community configurations presented on cards.

The cards vary key attributes such as grid connection, renewable mix, pricing model, data sharing and meeting
frequency. This makes it possible to identify which attributes matter most, which combinations are preferred, and
how preferences differ across groups of users.
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A

ELECTRICITY BILL ELECTRICITY BILL
CONSUMPTION REPORT CONSUMPTION REPORT
QUOTAS QUOTAS

GRID CONNECTION GRID CONNECTION
INFORMATION TRANSFER INFORMATION TRANSFER
COMMUNITY RULES COMMUNITY RULES

Community meetings: Monthly Community meetings: Yearly

Infrastructure management: External Infrastructure management: Internal

Figure 5.2: Example of two configurations proposed to residents in the conjoint analysis (O-CEl project)

Step 3 — Optimisation to predict preferred confiqurations

The third step is optimisation. It predicts which configurations are the most acceptable and still feasible. The
approach uses part-worth utilities, discrete choice experiments, and share-of-choice models to simulate
preferences and compare design options.

This step links social acceptance with system design. Preferences are combined with criteria such as cost and CO,,
in order to identify solutions that maximise social acceptance while remaining realistic from an operational point
of view.
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Figure 5.3: CO2 emissions, annual emission reduction in tonnes (Fragniere, E., Moresino, F., & Sandoz, S. (2025,
April). Enhancing Social Acceptance in Microgrid Implementation: A Share-of-Choice Optimization. In Proceedings
of 23rd International Conference on Informatics in Economy (IE 2024): Recent Results in Education, Research, and
Applications (p. 289). Springer Nature

Step 4 — Social experiments to verify changes

The fourth step is experimental. It checks whether the preferred configurations really work in practice. In O-CEl,
this step includes service design prototyping, service blueprints and contingent valuation methods such as
willingness to pay.

In O-CEl, this means testing concrete use cases such as shared laundry, dishwasher use, heat pump flexibility and
EV charging flexibility. The aim is to see whether people accept these changes, under what conditions, and with
what level of effort.
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Scenario 1

Scenario 2

Scenario 3

Scenario 4

Figure 5.4: Usage scenarios proposed to residents for the evaluation of social acceptance. Source: Fragniere et al.
(2026), “Le réseau augmenté: l'ere des microgrids intelligents”, Bulletin Electrosuisse. Available at:
https://www.bulletin.ch/fr/le-reseau-augmente

Overall, the O-CEl methodology demonstrates how different categories of engagement indicators can be activated
and combined within a single framework. Qualitative methods capture attitudes, norms and emotions; conjoint
analysis reveals preferences and trade-offs; optimisation models translate these preferences into decision
variables; and experiments measure actual behaviour and adoption.

This stepwise approach highlights the importance of combining subjective and objective indicators, and of bridging
the gap between stated preferences and observed behaviour. It provides a concrete illustration of how the
conceptual foundations presented in the following section, particularly the categorisation of indicators and the
distinction between acceptance and acceptability, can be operationalised in practice.

5.4 Conceptual foundations and indicator categories

Building on the above, this part introduces the conceptual foundations underpinning the development of
engagement indicators. The iterative analysis of project experiences has highlighted the need to move beyond
isolated definitions toward a structured and shared framework, capable of capturing the complexity and
multidimensional nature of engagement across energy projects.

This work has led to the development of a preliminary ontology of engagement indicators. It aims to ensure
dataset interoperability and support longitudinal data aggregation, enabling comparisons across projects,
contexts and time horizons. Rather than imposing a rigid standardisation, it provides a common analytical structure
within which diverse indicators can be situated and interpreted.

5.4.1 A Common ontology of engagement indicators

The proposed ontology categorises engagement indicators into seven core groups, which are transferable across a

wide range of energy projects:
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e Socioeconomic and Demographic Factors: These variables include age, gender, income, education and living
environment. They provide essential contextual information to understand differences in engagement across
user groups and territories.

e Behavioral Patterns: These indicators capture observable actions and usage patterns, such as energy
consumption, mobility behaviours or the frequency and duration of interaction with energy systems. They offer
direct evidence of engagement in practice.

e Attitudes and Intent: This category refers to expressed willingness to adopt technologies or participate in energy
systems, including expectations, preferences and perceived conditions for acceptance. It typically relies on
survey-based measures.

e Social and Moral Norms: These indicators reflect the influence of perceived expectations from peers,
communities or institutions. They capture how social pressure and normative frameworks shape engagement
decisions.

e Agency to Engage: This dimension evaluates individuals’ perceived ability to act, including ease of use, trust in
technology, knowledge, time availability and financial resources. It is closely related to concepts of
empowerment and capability.

e Relational Models: These indicators capture the nature of interactions between stakeholders, including
perceptions of fairness, cooperation, reciprocity and governance structures within the energy system.

e Emotions: Emotional responses, such as trust, anxiety, pride or frustration are recognised as key drivers of
behaviour. They influence both decision-making and sustained engagement over time.

Together, these seven categories reflect a multidimensional understanding of engagement, integrating
behavioural, cognitive, social and affective dimensions within a unified analytical framework.

5.4.2 From indicators to measurement: bridging concepts and practice

One of the key insights emerging from the work of the IoE SG is that engagement cannot be adequately captured
through a single category of indicators. Instead, it requires the combination of multiple dimensions, each
contributing partial but complementary information.

In particular, the ontology highlights the need to:

e combine subjective indicators (e.g. attitudes, emotions, perceptions) with objective indicators (e.g. behavioural
data),

e integrate individual-level variables with collective and relational dynamics,

e and account for the temporal evolution of engagement, from intention to actual behaviour.

This perspective directly addresses the well-documented gap between stated intentions and observed actions, which

remains one of the central challenges in engagement measurement.

5.4.3 Lessons learned and emerging challenges

The application of this ontology across multiple projects, including O-CEIl and the projects presented in the IoE
workshops, has led to several important lessons.

First, engagement measurement is inherently context dependent. The relevance and interpretation of indicators
vary according to the technological setting, the stakeholder groups involved and the institutional environment.
While the ontology provides a common structure, it should be flexible and adaptable.

Second, achieving comparability across projects remains challenging. Differences in definitions, measurement
scales and data collection methods can limit the possibility of direct comparison. This highlights the importance of
further efforts toward semantic alignment and harmonisation.

Third, the integration of behavioural indicators remains a priority. While many projects rely on surveys and self-
reported data, there is growing recognition of the need for real-world behavioural evidence, supported by

experimental and longitudinal approaches.
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Fourth, the development of a common data space for engagement indicators presents both opportunities and
constraints. On the one hand, it enables cumulative knowledge building, replication of studies and stronger
empirical evidence. On the other hand, it raises significant challenges related to data governance, GDPR
compliance, data privacy and interoperability across heterogeneous datasets.

Finally, the inclusion of the human dimension of engagement, particularly emotions, trust, and perceptions of
fairness, remains both essential and methodologically demanding. These factors are crucial for understanding
engagement, yet they are often difficult to standardise and quantify, requiring careful methodological design.

5.5 A note on the difference between social acceptance and
acceptability

The notions of social acceptance and social acceptability are widely used across research fields and are often
treated interchangeably, which creates important conceptual ambiguity. As shown by Moesker, Pesch and Doorn
(2024), these terms do not carry a single meaning but are interpreted differently depending on disciplinary
perspectives. In some approaches, they are understood as individual attitudes or social reactions, while in others
they are framed as normative judgments about how a technology or intervention ought to be implemented. This
diversity of interpretations makes it difficult to compare results across projects and to develop shared
measurement frameworks.

More specifically, social acceptance is frequently used to describe observable outcomes, such as the extent to which
a technology is used, supported or tolerated in practice. By contrast, social acceptability often refers to a more
anticipatory or evaluative dimension, capturing whether individuals or communities perceive a technology as
legitimate, desirable or aligned with their values. In this sense, acceptance is typically associated with what people
actually do, whereas acceptability relates more closely to what people are willing to accept under certain
conditions.

This distinction can be further clarified by considering different levels of analysis. At the systemic level, acceptance
can be understood as the outcome of a successful implementation, while acceptability refers to the perceived
legitimacy of the process leading to that implementation. At the societal level, acceptance corresponds to a
generally positive orientation toward a technology, whereas acceptability reflects broader social and ethical
considerations. At the individual level, acceptance is expressed through actual use or behavioural engagement,
while acceptability is reflected in intentions, preferences, and perceived trade-offs.

Understanding this distinction is particularly important in practice, as formal approval or majority support does not
necessarily translate into effective implementation. In many contexts, projects that have been democratically
validated or broadly supported may still encounter resistance, delays or blocking mechanisms. These situations
illustrate that high levels of acceptance at an aggregate level do not eliminate tensions at the local level, and that
minority concerns can play a decisive role in shaping project trajectories. As societies become more individualised
and participatory, such dynamics are likely to become more frequent, making the analysis of acceptability
increasingly relevant.

In this perspective, social acceptability can be understood as a dynamic and anticipatory dimension of
engagement, providing insight into the conditions under which a project is perceived as fair, legitimate and
compatible with local expectations. It goes beyond simple approval and captures the potential sources of resistance
that may emerge during implementation. For this reason, focusing only on acceptance indicators, especially those
based on self-reported attitudes, may provide an incomplete picture of engagement.

This has important implications for the development of engagement indicators. Indicators of acceptability typically
capture attitudes, expectations and preferences, while indicators of acceptance relate more directly to behaviour,
usage and sustained participation. Bridging the gap between these two dimensions therefore requires approaches
capable of linking perceptions to actual behaviour. In this context, methods such as conjoint analysis, preference
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modelling, and experimental approaches, already applied in projects such as O-CEl, offer promising ways to move
from reactive measurement toward more proactive and design-oriented strategies.

More broadly, in a multidisciplinary environment such as the BRIDGE WGs, where participants come from different
scientific and professional backgrounds, establishing a shared understanding of these concepts is essential.
Developing a common language around acceptance and acceptability is not only a matter of terminology, but a
prerequisite for improving comparability, data integration and cumulative learning across projects.

In summary, distinguishing clearly between social acceptance and acceptability allows for a more nuanced
understanding of engagement and highlights the importance of combining attitudinal and behavioural indicators.
This distinction also reinforces the need to move beyond descriptive approaches toward methodologies that can
capture how engagement evolves in practice and under which conditions it translates into concrete action.

5.6 An experimental mindset

Carmen Valor. lIT-Universidad Pontificia Comillas

Experiments play a central role in European research projects, particularly those aimed at innovation, policy
evaluation and market transformation. Their importance stems from the need to establish causal relationships
between interventions and observed outcomes, ensuring that project findings are robust, credible and actionable.
In complex, real-world environments, which are often addressed in European-funded initiatives, simple correlations
are insufficient to inform decision-making. Instead, experiments provide a rigorous methodological framework for
isolating and measuring the true effects of specific actions or treatments.

At the core of experimental research lies the concept of causality. Establishing a causal relationship requires three
fundamental conditions: correlation, coherence and temporal order. First, correlation implies that the cause and
effect occur together; when the cause is present, the effect is observed, and when it is absent, the effect disappears.
Second, coherence requires a plausible theoretical or logical explanation linking the cause to the effect. Third,
temporal order ensures that the cause precedes the effect, thereby avoiding issues such as reverse causality or
endogeneity. Experiments are uniquely suited to fulfilling these conditions, as they allow researchers to actively
manipulate the independent variable (the treatment) and observe its impact on the dependent variable.

In European research projects, experiments are particularly necessary due to the policy-oriented and applied nature
of many initiatives. Projects often aim to test interventions, such as behavioural nudges, technological solutions or
communication strategies, before scaling them up across regions or populations. Without experimental evidence,
it would be difficult to determine whether observed changes are attributable to the intervention itself or to external
factors. This is especially critical in domains like energy transition, sustainability and digital transformation, where
multiple variables interact simultaneously. Experiments provide a controlled environment to disentangle these
effects and generate reliable evidence for stakeholders, including policymakers, industry partners and citizens.

Across the BRIDGE WGs, many of the key questions that emerge implicitly require an experimental mindset. For
instance, in relation to communication strategies, projects seek to understand whether trust in Al-based energy
tools is more effectively increased through transparency-focused explanations (such as XAl) or through
performance-based messages highlighting efficiency and savings. Similarly, questions arise about whether
emphasising data privacy compliance leads to higher adoption than emphasising automation convenience, or
whether environmental impact messages are more effective than cost-saving arguments in encouraging
participation in flexibility services. These questions extend to different social groups, including whether narratives
focused on inclusivity and empowerment lead to greater engagement among vulnerable users compared to
economic benefit narratives.

Questions also emerge regarding the most effective channels and engagement tools. Projects explore whether
sustained engagement is better achieved through DT-based dashboards or conversational interfaces such as
chatbots, and whether workshops with experts are more effective than Al-based assistants in improving
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understanding of energy systems. Other questions concern whether co-creation processes generate more durable
engagement than passive digital platforms, or whether participation is higher in physical community events than in
gamified digital applications.

In terms of tool design and usability, experiments are needed to determine whether users engage more with visual
dashboards or conversational interfaces, whether XAl features increase trust and continued use compared to
“black-box” systems, and whether automated recommendations are more effective than user-controlled decision-
support tools in driving behavioural change. The role of personalisation also becomes central, for example when
comparing generic recommendations with those tailored through household DTs.

The ethical dimension of Al also raises critical experimental questions. These include whether providing
explanations of algorithmic decisions increases perceived fairness and trust, whether “human-in-the-loop” systems
are more acceptable than fully automated systems, and whether explicit ethical certification or peer
recommendations have a stronger impact on adoption. Awareness of regulatory frameworks, such as the EU Al Act,
may also influence willingness to use Al-based energy tools.

Similarly, DTs and data usage generate important research questions. Projects investigate whether interaction with
dynamic simulations improves understanding of energy consumption compared to static feedback, whether real-
time feedback is more effective than periodic reports in changing behaviour, and whether “what-if” scenario
simulations increase willingness to adopt flexibility services. The combination of DTs with conversational
explanations also emerges as a relevant area of inquiry.

Another key dimension concerns rewards and incentives. Experimental approaches are required to compare the
effectiveness of dynamic pricing signals versus fixed financial rewards, or monetary incentives versus non-monetary
mechanisms such as environmental feedback. Questions also arise regarding whether rebates are more effective
when combined with real-time information, and whether collective incentives within energy communities
outperform individual rewards.

The effectiveness of engagement strategies also depends on targeting and segmentation. Projects explore whether
Al-personalised approaches outperform generic campaigns, how different user groups (households, SMEs, energy
communities) respond to digital tools, and whether digital literacy influences the impact of dashboards versus
conversational interfaces. Particular attention is given to vulnerable groups, assessing whether simplified tools are
more effective than complex systems.

Beyond individual engagement, experiments also address participation and empowerment. This includes
evaluating whether co-creation processes increase perceived empowerment compared to purely digital
interactions, whether systems allowing manual control led to greater agency than automated optimisation, and
whether participation in pilot projects fosters longer-term engagement than information campaigns. The role of
community-based decision platforms in building trust compared to centralised systems is also explored.

Finally, questions related to scaleability and replicability are central to European projects. These include whether
tools based on open standards achieve broader adoption, whether modular and locally adapted solutions scale
better than centralised platforms, and whether early user involvement improves replicability across contexts.
Another key issue is whether solutions validated in pilot environments remain accepted when deployed at larger
scale.

Designing experiments to address these questions requires careful consideration of several key elements. The
treatment must be clearly defined and systematically manipulated, with comparison to a control group where the
treatment is absent. Researchers must also control for other variables that could influence the outcome, either
through experimental design or statistical techniques. Randomisation plays a crucial role in ensuring internal
validity, particularly in European projects where populations are heterogeneous and geographically dispersed.

Experiments can take the form of between-subjects designs, where different groups are exposed to different
treatments, or within-subjects designs, where the same participants are observed over time before and after the
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intervention. Both approaches have advantages depending on the research objective, but in all cases, adequate
sample size is essential to ensure statistical power. Analytical methods such as ANOVA, chi-square tests or
regression models are then used to estimate the effects of the intervention and control for additional variables.

In addition to traditional experiments, European research increasingly incorporates advanced approaches such as
choice-based experiments, where products or services are modelled as bundles of attributes. These methods are
particularly relevant in contexts involving user preferences and trade-offs, as they allow estimating the relative
importance of different attributes and informing the design of more effective solutions.

Finally, experiments often extend beyond controlled environments to include pilot studies and real-world
demonstrations. While these provide valuable insights into real-life conditions and scalability, they also introduce
additional challenges, such as variability and limited sample sizes. Complementary approaches, including
segmentation, mixed methods or synthetic data, may therefore be required to strengthen the robustness of the
results.

In conclusion, experiments are indispensable in European research projects because they enable the establishment
of causal relationships and the generation of reliable evidence for decision-making. By combining rigorous design,
careful implementation and appropriate analytical methods, they ensure that project outcomes are both
scientifically valid and practically relevant.

5.7 Behaviour as an indicator of engagement

Mona Bielig, Seeburg Castle University

Many projects build on traditional approaches to measuring engagement such as surveys, interviews and focus
groups. These methods remain invaluable, particularly when applied longitudinally and when designed to capture
attitudinal change, emotional responses and the relational dimensions of participation that the Indicators of
Engagement framework rightly emphasises. However, in practice, these approaches also face significant limitations.
Small sample sizes reduce statistical power and generalisability; high self-selection means that those who respond
to surveys or participate in focus groups are rarely representative of the broader population; and survey fatigue
erodes data quality over time. These challenges are compounded in the specific context of Horizon projects, where
pilot sites frequently involve communities and individuals participating in multiple projects simultaneously or in
close succession.

Perhaps most fundamentally, traditional engagement measures are vulnerable to the well-documented intention-
behaviour gap: the tendency for people to express willingness, enthusiasm or commitment in survey responses that
does not translate into corresponding action in their daily lives. In the context of the energy transition, this gap is
particularly consequential. A household may report strong support for peer-to-peer energy trading, demand
response participation or thermostat reduction, while making no behavioural change whatsoever when actually
presented with the opportunity. If engagement is measured primarily through expressed intentions, projects risk
systematically overestimating the societal readiness that the Horizon programme now places at the centre of its
impact agenda. This is precisely the problem that the preliminary ontology developed by the I0ESG seeks to address:
by moving from assumptions to measurable, causally grounded indicators, the framework creates space for more
rigorous and policy-relevant forms of evidence.

This calls for expanding the toolkit of engagement indicators to include behavioural measurements, that is, direct
observations of what participants actually do, rather than what they say they would do. Behaviour offers an
unambiguous signal of engagement in a way that survey responses cannot: a person who scans a QR code accepts
a device installation, adjusts their energy use in response to a signal, or shifts their charging behaviour in line with
renewable availability has demonstrated engagement through action rather than declaration. Critically,
behavioural indicators are also less susceptible to social desirability bias, less vulnerable to fatigue-driven
satisficing, and more directly linkable to the outcomes such as energy savings, technology adoption, emissions
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reductions that matter for evidence-based policymaking. When embedded within experimental or quasi-
experimental designs, they further enable causal attribution, allowing projects to move beyond correlation and
establish which engagement strategies are genuinely driving change. Field experiments in particular produce the
kind of real-world causal evidence that is essential for translating research findings into robust policy
recommendations.

Several examples from within the Horizon research ecosystem illustrate what this looks like in practice. In Austria,
a large-scale postcard study (N = 8,713) tested which social identity framing (climate, social, or regional) most
effectively drove prosumers to engage with a peer-to-peer energy trading platform, measuring engagement
through QR code scans and sign-up click-throughs rather than self-reported interest (Kacperski et al., 2023). In
Belgium, randomised controlled trials across social housing communities found that letters incorporating social
norm messaging increased the rate of successful retrofit device installation by a factor of roughly five compared to
standard communications (Bielig et al., 2024). A further field study in Polish student dormitories showed that a
psychological intervention actively requesting thermostat reductions produced significant decreases in space
heating consumption, while also revealing that hot water interventions may trigger rebound effects in other energy
domains — a finding that would have been entirely invisible to a survey-based approach (Bielig et al., 2025).

Taken together, these examples make a broader methodological point that connects directly to the goals set out in
this report. Behavioural indicators offer a level of precision and ecological validity that conventional engagement
measures struggle to achieve, and they generate the kind of cumulative, replicable and interoperable evidence that
a common European data space for citizen engagement will ultimately require. They are not a replacement for the
qualitative and survey-based methods that capture emotions, social norms and relational fairness. Rather, they are
a necessary complement. As an example of how these multiple approaches to measuring engagement can be
productively combined, the BlueBird project currently integrates all three methodological strands within a single
coherent framework. Through longitudinal surveys administered before and after interventions, the project tracks
attitudinal change and responses over time. Through interviews and focus groups conducted and revisited at
multiple points throughout the project lifecycle, it captures the relational, contextual and qualitative dimensions of
engagement that quantitative measures alone cannot reach. And through multiple, locally embedded field
experimental trials, it measures real-world behaviour directly, including energy consumption patterns, EV charging
choices and responses to dynamic energy signals, generating causal evidence that complements and stress-tests
the self-reported data collected through surveys and interviews.

5.8 Conclusions

The work carried out by the IoE SG during 2025-2026 confirms that engagement within the energy transition is a
complex, multidimensional and evolving phenomenon that cannot be adequately captured through isolated or
purely quantitative indicators alone.

Throughout the year, the SG progressively moved from a discussion centred on the collection of indicators towards
a broader reflection on the epistemological and methodological foundations of engagement measurement itself.
The discussions highlighted that indicators are never neutral instruments: they reflect theoretical assumptions,
disciplinary traditions, governance objectives, and implicit definitions of what “successful engagement” means. As
a result, improving engagement measurement also requires improving conceptual clarity.

Overall, the chapter demonstrates that indicators of engagement should not be understood merely as reporting
tools, but as strategic instruments capable of improving project design, strengthening societal readiness, supporting
evidence-based policymaking, and fostering a more inclusive and democratic energy transition. The SG’s work
therefore contributes to a broader European effort to place societal dimensions at the centre of energy innovation.

Future work should continue strengthening interdisciplinary collaboration, expanding empirical validation across

projects, improving FAIR and interoperable data practices, and refining shared conceptual frameworks capable of
supporting both scientific rigor and practical applicability.
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6 GENERAL ASSEMBLY 2026

Strategies of Engagement

The insights from the BRIDGE GA 2026, combined with the findings from the SoE SG activities, provide a strong and
coherent basis for shaping the next phase of work within the Strategies of Engagement SG. The discussions across
WGs, as well as the contributions from the Smart Tools and Indicators SGs, confirm that engagement, trust and
social readiness are not complementary elements, but core conditions for the successful deployment and uptake
of energy solutions. A key takeaway for the SoE SG is the need to further strengthen its role as the bridge between
technological development and societal uptake. The GA clearly highlighted that, while technological and
infrastructural readiness is advancing rapidly, the adoption of solutions by citizens remains limited. This supports
the relevance of the SoE focus on engagement strategies, inclusivity and social acceptance, and confirms the need
to systematically integrate these dimensions into project design and implementation. This perspective is closely
aligned with the notion of societal readiness, which emphasises the need for innovations to be designed in a way
that responds to societal needs and contexts. As stated in the WG CCE objectives, technologies will be adopted only
if they meet consumer real needs and address their concerns.

The findings suggest that the SoE SG can provide meaningful added value by supporting a shift from project-based
and short-term engagement activities towards more continuous, structured and systemic approaches. Engagement
should be embedded across the full lifecycle of projects and extend beyond their duration, ensuring long-term
participation and sustained impact. This requires the development of practical methodologies and guidance that
can be applied across projects, as well as the identification of best practices that can be replicated and scaled.
Another important implication concerns the integration of social readiness as a core concept in future work. The
GA discussions confirmed that, despite its importance, social readiness is rarely assessed in a systematic way. The
SoE SG is well positioned to contribute to the development of frameworks, indicators and methodologies that allow
for the evaluation of societal readiness alongside technological and commercial maturity. This could include
collaboration with the Indicators SG to alignh engagement metrics with broader measurement frameworks, and with
the Smart Tools SG to ensure that digital solutions are designed with user needs, transparency and trust in mind.

The increasing role of Al in energy systems also introduces new priorities for the SoE SG. While Al is being widely
adopted for optimisation and system performance, its use in participatory processes stays limited, and concerns
related to trust, transparency and control persist. The SoE SG can play a key role in exploring how Al can support
engagement, for example through XAl approaches, user-centred interfaces and tools that facilitate interaction and
understanding. At the same time, it can contribute to addressing the societal implications of Al, ensuring that
technological developments align with user expectations and values. The GA also highlighted the importance of
addressing complexity and usability from the perspective of citizens. As energy systems become more complex, the
risk of disengagement increases. The SoE SG can support projects in designing solutions that are simple, accessible
and aligned with everyday practices, as well as in developing communication strategies that clearly convey benefits
and functionalities. This is closely linked to the need for capacity building and energy literacy, which emerged as
key enabling factors for important participation.

Inclusivity remains another critical area where the SoE SG can contribute. Although many projects recognise the
importance of engaging vulnerable groups, inclusivity is not yet systematically implemented. The SoE SG can
support the development of targeted engagement strategies, the use of local intermediaries and the adaptation of
methods to different socio-economic and cultural contexts. This will help ensure that the energy transition is not
only effective, but also fair and inclusive. Finally, the insights from the GA point to the need for greater
standardisation and knowledge sharing. The lack of common frameworks and methodologies limits comparability
and replication across projects. In this context, the SoE SG can contribute to the development of structured
approaches, potentially aligned with standardisation efforts (e.g. ISO-type frameworks), and to the consolidation
of knowledge through initiatives such as the Knowledge Hub and cross-project collaboration activities. The findings
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of the GA reinforce and validate the current direction of the SoE SG, while also providing clear guidance for future
work. They highlight the need to move from isolated engagement practices towards integrated, systemic and
measurable approaches, and to position social readiness as a key dimension of the energy transition. By building
on these insights, the SoE SG can enhance its impact and support the broader objectives of WG CCE, contributing
to an energy transition that is not only technologically advanced, but also socially accepted and widely adopted.

Table 6.1 resumes the lesson learned and the key obstacles from the work done during this year from SoE SG.

Table 6.1: SoE SG Lesson Learned and Key obstacles

LESSONS LEARNED

KEY OBSTACLES

Stakeholder engagement is often treated as
procedural, but effective practice requires it to be
continuous and embedded

Engagement remains predominantly project-based
and short-term, with limited continuity beyond pilot
phases

Co-creation is effective only when supported by
genuine power-sharing

Participation is difficult to sustain over time and
frequently declines after initial engagement stages

Persistently low levels of trust are observed,
particularly in relation to Al, data governance, and
energy systems

Local actors are essential, while top-down
approaches tend to underperform

Inclusivity is widely acknowledged but
insufficiently operationalised

Social readiness is neither systematically assessed nor
adequately integrated into project design

Al use is expanding, though largely limited to

. L . . Limited digital and technical literacy contribute to
technical optimisation rather than participatory 8 ¥

functions
Trust-building requires sustained effort and long-

term commitment, which are often
underestimated

Greater standardisation (e.g. ISO frameworks) is

risks of exclusion

A structural disconnect remains between
technological development and societal needs

Fragmentation in regulatory and governance
frameworks constrains effective real-world

needed to improve comparability and scaleabilit . .
P P ¥ ¥ implementation

Smart Tools

During 2025, the Smart Tools SG concentrated on the role of digital tools and artificial intelligence in citizen-facing
applications, with particular attention to how these solutions shape user interaction and engagement. Discussions
returned consistently to questions of cybersecurity and data security, as well as to the ethical and governance
implications of deploying Al in services aimed at consumers and citizens. The sub-group underlined the importance
of user-oriented interfaces, including natural-language solutions, as a means of improving accessibility and lowering
the barriers to interaction with increasingly complex energy systems. Semantic interoperability and alignment with
the emerging European energy data spaces were identified as priorities, alongside the development of a shared
Knowledge Hub and stronger integration of tools and outputs across the BRIDGE working groups.

At the General Assembly breakout, these themes were brought to the wider community for validation and
prioritisation. Participants confirmed the continued relevance of the sub-group's focus and expressed their
preferences on the topics to be addressed in the coming working cycle. The results pointed to strong interest in the
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trustworthy and responsible deployment of Al, complemented by a sustained emphasis on security, interoperability
and the consolidation of shared resources.

The topics identified as priorities by participants were, in order of preference:

e Al ethics and governance in citizen-facing energy tools;

e Cybersecurity and data security for Al energy tools;

e Digital twins and natural-language interfaces for citizen engagement;

e Semantic interoperability and alignment with the European energy data spaces;
e Expansion of the Knowledge Hub and cross-Working Group collaboration.

These priorities will guide the Smart Tools SG in the next cycle, with a focus on translating them into practical
guidance and shared resources, and on reinforcing collaboration with the other sub-groups and with the Data
Management Working Group on cross-cutting topics such as data, Al and interoperability.

Indicators of Engagement

The insights presented by the loE SG at the BRIDGE GA 2026 reflect a year of substantive progress in building a
shared, cross-project understanding of how citizen and consumer engagement can be systematically measured and
compared. The central ambition of the IoE SG, to move from fragmented and project-specific approaches towards
harmonised, measurable, and collectively meaningful indicators, is both timely and strategically essential for the
broader objectives of WG CCE.

A key contribution of the SG this year has been the development of a preliminary common ontology for engagement
indicators, drawing on the approaches and datasets of three Horizon projects: DRIVE2X, XL-Connect, and FLOW.
Through cross-project workshops, case presentations, and a combined review of qualitative and quantitative
methods, the SG has mapped indicators across five dimensions, usage, attitudes, norms, agency, and emotions, and
has begun to identify shared variable definitions and measurement scales. This work represents a significant step
towards enabling cross-project comparison and collective learning, addressing a long-standing fragmentation in
how engagement is conceptualised and operationalised across European energy initiatives.

One of the most important conceptual contributions of the SG is the articulation of engagement as a multi-
dimensional construct. The GA presentation made clear that engagement cannot be reduced to a single measure
or behavioural outcome, but must be understood as encompassing behavioural, cognitive, and emotional
dimensions. This tripartite framework provides a structured and replicable basis for measurement, one that can be
applied across diverse project contexts while preserving comparability.

The SG also advanced the understanding of engagement as a systemic, rather than solely individual, phenomenon.
Findings from the DRIVE2X project illustrate how engagement is shaped by social context and influenced by values,
norms, and interpersonal interactions. The persona-based segmentation approach developed within the SG,
mapping user archetypes along axes of social orientation and openness to change, offers a practical tool for projects
seeking to tailor engagement strategies to diverse citizen profiles. This work reinforces the view, consistently
expressed across the GA discussions, that effective engagement requires a deep understanding of the human
dimension, not only of technical systems.

In terms of measurement approaches, the SG has explored and compared a range of methodologies, including
intervention design (as demonstrated through the ThermoVault case), quasi-experimental methods, field forces
analysis using qualitative tools such as interviews, focus groups, and actor-network mapping, and card-based
conjoint analysis for quantitative surveys. This methodological diversity reflects the complexity of engagement
measurement and underscores the need for mixed-method approaches. Importantly, the SG has begun to
consolidate these approaches into a structured annual report (V1.0), covering conceptual foundations, current
indicators, a preliminary harmonised ontology, and data space requirements, including considerations of FAIR
principles, GDPR compliance, and interoperability.
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Looking ahead, the IoE SG has identified several priority areas for the coming year. These include expanding work
on socio-technical integration, advancing systemic approaches to engagement that acknowledge the passive
dimensions of acceptance, fostering interdisciplinary collaboration and exploring emerging topics such as the
securitisation of critical energy infrastructure and the role of Al in generating engagement insights, including the
risks of implicit sociotechnical bias. The SG also intends to consolidate contributions from five key Horizon projects
and to expand the shared data space exploration in line with the identified benefits and barriers of cross-project
data sharing.

The work of the loE SG directly supports the broader ambitions of WG CCE by providing the empirical and
methodological foundations needed to assess whether citizens and consumers are genuinely engaged, and to
understand what drives or hinders that engagement. By establishing a common language for engagement across
European projects, the SG is helping to transform engagement from an assumed outcome into a measurable and
comparable dimension of the energy transition.
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7 CONCLUSIONS AND NEXT STEPS

As citizens increasingly become active participants in shaping future energy systems, the three Subgroups have
collectively strengthened the evidence base on how engagement strategies, smart tools, and indicators can support
a citizen-centred, ethical and resilient energy transition.

Strategies of Engagement SG.

In the next cycle, the subgroup will focus on advancing structured and continuous stakeholder engagement
approaches, with particular attention to embedding inclusivity, capacity building, and trust-building mechanisms
into project governance and decision-making processes. Further work will also explore methodologies for assessing
social readiness and supporting the responsible adoption of Al-enabled energy solutions.

Future engagement strategies should increasingly adopt co-creation approaches. End users should be recognised
not merely as participants but as active contributors who bring valuable assets, including local knowledge, lived
experience, practical skills, social networks and contextual understanding that enhance trust, improve the
relevance and acceptance of energy solutions and support their long-term sustainability.

Smart Tools SG.

The subgroup will prioritise the development of user-centred, trustworthy, and interoperable digital tools, with a
particular focus on Al governance, data security, explainability, and compliance with emerging EU regulatory
frameworks. Efforts will also continue to strengthen the Smart Tools Knowledge Hub as a resource for knowledge
exchange and replication across BRIDGE projects.

Indicators of Engagement SG.

The subgroup will further investigate effective models for empowering citizens and consumers in the energy
transition, with a focus on participation, co-creation, and community engagement. Particular attention will be given
to identifying scalable approaches that enhance inclusiveness, strengthen user agency, and support the uptake of
innovative energy solutions across diverse context.

Across all three Subgroups, a consistent narrative emerges: technological innovation alone is insufficient without
parallel advances in trust, inclusivity, governance, social and societal readiness, and shared methodological
frameworks. The combined findings support the development of a citizen-centred, ethically governed, and
interoperable European energy innovation ecosystem, where engagement strategies, smart tools, and indicators
function as mutually reinforcing components of systemic transformation. As energy systems become increasingly
digital, decentralised, and Al-enabled, the work of the CCE WG provides valuable guidance for ensuring that
technological progress remains aligned with societal needs, democratic values, and the objective of a just and
sustainable energy transition.
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GETTING IN TOUCH WITH THE EU

In person

All over the European Union there are hundreds of Europe Direct centres. You can find the address of the centre

nearest you online (european-union.europa.eu/contact-eu/meet-us_en).

On the phone or in writing

Europe Direct is a service that answers your questions about the European Union. You can contact this service:
— by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls),
— at the following standard number: +32 22999696,

— via the following form: european-union.europa.eu/contact-eu/write-us_en.

FINDING INFORMATION ABOUT THE EU

Online

Information about the European Union in all the official languages of the EU is available on the Europa website

(europa.eu).

EU publications

You can view or order EU publications at op.europa.eu/en/publications. Multiple copies of free publications can

be obtained by contacting Europe Direct or your local documentation centre (european-

union.europa.eu/contact-eu/meet-us_en).

EU law and related documents

For access to legal information from the EU, including all EU law since 1951 in all the official language versions,

go to EUR-Lex (eur-lex.europa.eu).

Open data from the EU

The portal data.europa.eu provides access to open datasets from the EU institutions, bodies and agencies.
These can be downloaded and reused for free, for both commercial and non-commercial purposes. The portal

also provides access to a wealth of datasets from European countries.
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