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Making Predictive Maintenance Work

From promising pilots
to scalable solutions

Large-scale energy infrastructures with high criticality

Distributed assets, long lifetimes, heterogeneous systems

Objective of the talk

Share practical lessons from real deployments

Focus on scaling challenges rather than concepts
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A Strategic Function

Maintenance drives performance and resilience

Operational importance

System availability
and continuity of service

Safety of people
and infrastructure

Regulatory compliance
and integrity

Lifecycle cost optimisation
(OPEX + CAPEX)

Better allocation
of maintenance resources
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Energy transition context

Integration of biomethane,
hydrogen, CO,

Increasing complexity
and operational constraints
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A Practical Definition
Detect earlier, act better

Detect anomalies in system behaviour
Anticipate potential failures
Operational goal
Enable earlier interventions
Target the right equipment atf the right time
Position within maintenance
Complements corrective and preventive maintenance

Extends condition-based approaches
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Beyond Algorithms
Integrating prediction into operations

Intelligent Orchestrated
maintenance maintenance
« Data-driven indicators « Data consistency
(anomalies, trends, across systems
prediction) - Integration into
« Use of statistical information flows

and Al models
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Optimised

maintenance

» Decision-making
under constraints

» Trade-offs: cost,
risk, availability
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Expected Benefits
Operational gains, not technological ones

Availability improvement Operational efficiency

* Reduction of unplanned outages * Better prioritisation of interventions

* Early detection of degradation * Reduction of unnecessary maintenance
Risk control

* Anticipation of critical events * Turning existing data

* Improved safety and reliability into actionable insights

e Better use of historical information
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From Pilot to Reality
Systemic constraints limit deployment

& o M

Data challenges System complexity Integration issues Human factors
== Fragmented sources == Heterogeneous assets == Difficulty infegrating == Resistance to change
and inconsistent formats and technologies with existing IT (GMAO,
SCADA) == Lack of trust in models
== Lack of continuous == Legacy systems and
and reliable histories multiple generations == Solutions remain == Need for explanation
disconnected and usability

from workflows




Different Levels of Maturity
From simple detection to hybrid models

Low complexity use cases

. Intermediate use cases
Anomaly detection

on signals Advanced use cases

Standard monitoring Drift prediction

with thresholds and ML (regulators, meters)
Time-series modelling

and forecasting

Digital twins
for complex systems

Hybrid physical
and data-driven models
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Success Factors
Organisation makes the difference

Governance

Clear
ownership
and sponsorship

Alignment
between
maintenance,
IT and
operations
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Field Integration

involvement discipline

engagement
of operational

Early

Tools integrated
into existing
systems

feams

Validation No addifional

of alerts operational

and usability complexity
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From Pilot to Scale
A structured path to industrialisation

Build datfa Scale
4 N i 4 N i
- Focus on high- foundaftion . Connect and replicate
value assets to maintenance
- Define clear » Clean, standardise workflows - Standardise
success criteria and contextualise « Align with approaches
* Ensure existing tools « Deploy across
interoperability multiple sites

\_ ) Integrate \_ )

\ Select relevant
use cases

In processes
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Future Directions
Towards more integrated systems

Combine physics and data
Improve robustness and interpretability
Operational digital twins
From simulation to decision support
Support complex system analysis
Al evolution
More explainable models

Assistants supporting diagnosis and decisions
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Scaling Is the Real Challenge
Technology alone is not enough

Reality check

Pilots are relatively
easy to implement

Scaling remains difficult
Success requires alignment
of data, systems, processes .
and people Conclusion

Predictive maintenance
is an industrial tfransformation

(Not just a technological upgrade)
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