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Abstract
The AAAI 2025 Bridge on “Explainable AI, Energy and Critical Infrastruc-
ture Systems” was held at the Pennsylvania Convention Centre, Philadelphia,
Pennsylvania, USA, on February 25, 2025. The bridge gathered researchers
and practitioners, bringing together innovation research across explainable AI,
energy and critical infrastructure systems so they can enhance each other.
The Bridge featured five keynote presentations by experts, one tutorial, poster
presentations by authors who contributed their research findings, and three
breakout sessions to discuss new challenges arising at the intersection of these
exciting disciplines.

Environmental sustainability challenges are fuelling
quests for automated solutions to manage Energy and
Critical Infrastructure (E&CI) systems (e.g., power grids,
telecommunication networks, transportation systems,
water networks) in an economically efficient and envi-
ronmentally resilient way. Artificial Intelligence (AI)
techniques have gained prominence in this area, given
their ability to process vast amounts of heterogeneous data
under uncertainty. However, most AI techniques used to
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date lack the transparency that is required to understand
the rationale behind their decisions, hindering their
applicability in E&CI settings1. Furthermore, given the
high-stakes nature of E&CI systems, transparency may be
an important legal requirement. For instance, the EU AI
Act (Regulation 2024/1689) explicitly classifies AI applica-
tions in E&CI systems as high risk and (legally) demands
transparency that “allows appropriate traceability and
explainability”2. Explainable AI (XAI) techniques have
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the potential to satisfy these legal requirements and foster
the development of supportive AI for energy management
systems and critical infrastructure that is efficient and
resilient, but also more transparent and socially equitable.
To reflect on how XAI can contribute to tackling chal-

lenges surrounding the application of AI to E&CI systems,
we organised the Bridge on XAI, Energy and Critical
Infrastructure Systems at AAAI 2025. The Bridge brought
together researchers and practitioners from different fields
to better understand the challenges and requirements of
this new emerging area of integrating AI within traditional
methods to operate E&CI systems.
Programme details. The event featured five invited

talks that explored different facets of XAI’s application to
energy and critical infrastructure systems, their integration
challenges and promises3. Pascal Van Hentenryck from
Georgia Tech, opened the morning session with an invited
talk describing ways in which AI and optimisation tech-
niques can help improve the efficiency of operations in
power grids. Additional examples of howAI can boost grid
operations were provided by Luis Piloto, Senior Research
Scientist at Google DeepMind, in his invited talk.
Ensuring explainability and transparency of AI-assisted

decision-making in E&CI emerged as a crucial need dur-
ing the bridge. Counterfactual explanations featured as
a prominent tool in this area, given their ability to pro-
duce intuitive characterisations of alternative scenarios
where desired outcomes would have been achieved. Kyri
Baker, from the University of Colorado Boulder, demon-
strated this point in her invited talk, where counterfactuals
were discussed as a tool to diagnose and mitigate infea-
sibility in optimisation problems arising in power grid
operations. The need for explainability, interpretability
and safety was further discussed in the context of AI and
Machine Learning (ML) applications for electric power
systems. Venkat Tirupati, the Vice President of DevOps
and Grid Transformation at Electric Reliability Council of
Texas, and PryiaDonti, fromMIT, highlighted the essential
role that XAI can play to enhance transparency, foster trust
and ensure efficiency in AI/ML-assisted grid operations,
including applications such as cybersecurity threat detec-
tion, load forecasting and market anomaly detection. In
all these scenarios, XAI techniques could provide insights
into the factors that influenceAI-assisted decisionmaking,
ultimately improving the accountability, reliability and
compliance of those decisions.
In addition to invited talks, the Bridge featured one tuto-

rial on differentiable programming, data-drivenmodelling
and control, as well as posters and lightning talks explor-
ing how applications of AI and XAI could support E&CI
researchers and practitioners in their respective domains.
Finally, three breakout sessions addressed topics related

to future challenges for AI in E&CI. The first session

focused on explainability challenges that may arise when
reinforcement learning (RL) controllers are trained to
solve tasks in power grids. Participants noted that very
few methods exist to explain RL controllers effectively.
This may be a limitation in power grid applications, in
which AI decisions need to be communicated to system
operators in an intelligible and trustworthy way. The sec-
ond session focused on the potential of neuro-symbolic
AI systems within E&CI. Participants noted that applica-
tions in this sector require AI solutions that can ensure
correctness, precision, replicability, and explainability of
their decisions. As purely subsymbolic approaches may
fail to achieve all these goals, this session explored how
neuro-symbolic approaches may be better suited to meet
the needs of E&CI. Finally, the third session explored the
importance of human-centred decision-making processes
for high-stakes applications in the energy sector. Partic-
ipants stressed that E&CI applications require decision-
making frameworks that are not only technically sound
and resilient, but also aligned with human values and soci-
etal goals. Collectively, these three sessions highlighted
critical research avenues that could significantly advance
the field of XAI for E&CI.
Summary and outlook. Energy and critical infras-

tructure systems are seeing a wide range of existing and
possible AI applications, from large network operations
to individual consumer services. Despite this potential,
there are a number of barriers that are slowing down
the wider adoption and deployment of AI within E&CI
systems. Specifically, discussions at the bridge revealed
that the lack of explainability surrounding AI-driven deci-
sions may significantly impact stakeholder’s confidence
and slow down AI uptake within E&CI. This is a notably
conservative sector, where the adoption of new techniques,
even those promising substantial efficiency improvements,
proceeds at a slower pace given the consequential nature of
decisions within these applications. Advances in XAI are
important to support deployment of AI in E&CI, and the
bridge provided an opportunity to explore how XAI could
be used to make AI-assisted decision-making in E&CI
more transparent.
The community of researchers working at the intersec-

tion of XAI, energy and critical infrastructure systems have
begun to shape a vision of this important field of research,
highlighting challenges and key areas for advancement in
XAI. These included a growing recognition of the need for
methods that can effectively explain sequential decision-
making, accounting for the inherent uncertainty and
temporal and physical constraints that characterise com-
plex E&CI systems. Addressing these needs will pave the
way for more trustworthy and reliable AI systems, which
have the potential to unlock a new wave of innovation
in E&CI.
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