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What is ageing in a chemical plant?

Ageing is  the time-dependent degradation or deterioration of an equipment or vessel etc, which may progressively 
reduce its ability to perform its intended function.

Singapore industrialised from the 
1960s, so some plants now 
exceed the typical 25-year design 
life — and Singapore’s population 
is ageing fast (1 in 4 over 65 years 
old by 2030) so many 
experienced personnel are 
retiring.

01 A condition, not a date
Ageing is the widening gap between how equipment 
was designed to perform and how it actually 
performs today.

02 Degradation accumulates
Corrosion, fatigue, fouling and wear build up slowly 
across decades of continuous operation.

03 Knowledge ages too
Ageing also covers people and records — lost 
expertise and drawings that no longer match reality.

The challenge for ageing plants is maintaining integrity 
while keeping knowledge and records up to date.

Singapore



5

Why ageing risk matters

Unmanaged ageing raises the likelihood of loss of containment, unplanned outages and possible regulatory 
scrutiny.

Safety exposure

Weakening barriers make fire, 
toxic release and loss of 
containment more likely.

Operational reliability

Unplanned shutdowns and 
costly emergency repairs rise 

as equipment degrades.

Regulatory Scrutiny

Regulators expect 
demonstrable fitness-for-

service; evidence gaps invite 
scrutiny and liability.

Managing ageing early protects people, uptime and the regulatory conformance.
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Regulators are engaging with AI, but have not yet endorsed it

Acknowledged, not 
prescribed

UK HSE1, Havtil and Energy 
Institute / Offshore Energies 
UK require or support risk-
based inspection, condition 
monitoring, data analysis and 
auditable integrity 
management, but do not 
prescribe AI-assisted Risk-
Based Inspection (RBI).

Cross-sector 
precedent

OECD2-supported pilots in 
Italy already use machine 
learning (ML) to target 
inspections in occupational 
safety, food safety and 
environment.

other domains, same 
method

Standards are 
engaging

API3 580/581 and ISO4 
55000/55001 discussions are 
active on how AI and ML sit 
within existing RBI and 
asset-integrity frameworks.

API 580 / 581, ISO 55000 
/ 55001

The standing 
conditions

Acceptance is conditional 
throughout: outputs must be 
traceable, validated, and 
reviewed by competent 
engineers.

traceable, validated, 
reviewed

Moving from “digital tools encouraged” toward “AI or ML acceptable within governed RBI and integrity regimes” — but 
formal endorsement of specific AI methods or tools remains limited.

1 United Kingdom Health and Safety Executive
2 Organisation for Economic Co-operation and Development
3 American Petroleum Institute
4 International Organization for Standardization
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Where AI can help across the ageing life cycle

The core use cases, grouped by intent — every one keeps engineers and duty holders in the decision.

Target & detect risk

RBI targeting
Focus limited inspection where risk is 
changing.

Continuous degradation 
sensing
Flag shifting patterns from sensor data.

Digital-twin ageing 
scenarios
Test ageing scenarios before work.

Preserve expertise

Capture expert judgement
Retain what retiring engineers know.

Preserve design intent
Keep the reasoning behind the design.

Strengthen the safety case

Safety and Health 
Management System 
(SHMS) evidence checks
Compare claims, procedures and records.

Barrier-integrity evidence
Show barriers stay capable and reliable.

Bowtie risk alignment
Link causes, barriers and consequences.

Across every use case, AI informs the decision — engineers and duty holders decide, implement and verify before 
anything scales.
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A useful AI pilot is narrow enough to judge the outcome —  
scale or stop

Bounded pilots let teams prove value, surface risks and stop before scale-up if needed.

1. Define

One ageing-risk scenario and one decision to 
support.

2. Verify

Known data sources, clear limits and competent 
reviewers.

3. Learn

Record what changed, what failed and what 
should stop.

4. Scale

Proceed only after evidence and governance are 
ready.

This pilot discipline carries into the first use case: targeted inspection.
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AI flags changing conditions and points inspection where it 
matters
Start narrow — take one degradation mechanism, such as corrosion under insulation — so AI can point limited 
inspection to where risk is actually changing, while engineers makes the final call.

Continuous signals help direct limited inspection 
resources

TODAY
Periodic checks
Non-Destructive Testing (NDT) and manual checks provide 
snapshots but may miss fast localised changes.

AI SUPPORT
Continuous sensing
Acoustic, temperature, vibration or corrosion data flags 
changing patterns for review.

OUTCOME
Sharper action
Teams focus inspection, maintenance and shutdown 
planning on assets with changing risk.

AI does not replace inspection — it helps teams aim inspection better.
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AI helps experts capture judgement before it is lost

Knowledge tools should surface validated plant history, with experts confirming what good practice looks like.

Expert memory becomes searchable and reviewable

RISK
Experience leaves with people
Retiring operators and engineers carry incident memory, 
workarounds and plant-specific judgement.

AI SUPPORT
Curated assistant
Search validated logs, Management Of Change (MOC) 
records, procedures and training materials with source 
links.
OUTCOME
Faster learning
Newer staff find history faster while seniors verify 
answers and context.

The aim is to preserve judgement — not to replace experienced engineers.
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AI can strengthen SHMS evidence checks before engineering 
review
For SHMS and safety case evidence, AI can compare claims, procedures and records — but engineers still decide.

AI checks the evidence trail; people 
accept it

01 Consistency across SHMS documents
Check whether safety case claims, MOC records, procedures 
and inspection evidence agree.

02 Standards and internal requirements
Flag missing references, outdated assumptions or possible 
non-adherence for engineer review.

03 Evidence completeness
Highlight missing approvals, verification records, competency 
evidence or unresolved action items.

SHMS improvement is not automation of approval — it is a stronger pre-review for competent persons.
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AI strengthens barrier assurance by pointing to the evidence

A bowtie credit is only as strong as the evidence behind it — AI suggests the right inputs to check that barriers are 
performing and that the credit still holds up.

Barrier integrity 
checks

Points to the inspection 
records, maintenance 
logs and test certificates 
that confirm a barrier is 
in good condition and fit 
for purpose.

e.g. relief valves, gas 
detectors

Barrier degradation 
indicators

Flags the degradation 
mechanisms that matter 
and the monitoring data 
or findings that reveal a 
barrier’s effectiveness 
slipping.

e.g. corrosion, fatigue, 
fouling

Performance-
standard alignment

Cross-references each 
barrier against its 
performance standard 
and highlights gaps 
where the credit is hard 
to justify.

e.g. Safety Integrity 
Level, availability targets

Data-collection 
guidance

Prompts the records, 
readings and assurance 
activities typically 
needed to substantiate a 
credit — reducing the 
risk of oversight.

e.g. logs, readings, audits

AI recommends the inputs; engineers confirm the judgement — keeping every barrier credit defensible.
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Digital twins help engineers predict potential ageing scenarios 

A validated virtual model can combine condition, process and inspection evidence for scenario review.

Virtual asset view linked to real plant evidence

TODAY
Fragmented asset picture
Inspection findings, process data and design limits often 
sit in separate systems.

AI SUPPORT
Living virtual model
The twin updates with sensor trends, inspection history 
and assumptions engineers can test.

OUTCOME
Better prioritisation
Teams simulate degradation, check barrier impact and 
plan repair before risk escalates.

A digital twin is decision support — it must be validated against plant reality.
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Four questions you can ask yourself when designing AI to help you

Who is accountable?

You would want a 
named, competent 
person owning the AI-
informed decision. 
Diffuse accountability is 
not accepted.

not the model, not the 
vendor

Can you show your 
working?
A recommendation that 
cannot be traced and 
explained is a liability, 
however good the 
output.

black-box outputs are a 
liability

Do you know your 
data?
Quality and limits must 
be known and 
documented. Garbage-
in, garbage-out is a 
regulatory concern, not 
only technical.

sources, gaps and limits

What if it is wrong?

There must be a human 
override and a fallback. 
AI cannot be the last 
line of defence in a 
safety-critical decision.

override and fallback



Wiring AI into existing evidence answers three of the four questions

Design the links first and accountability, traceability and data quality are built in — leaving governance to answer 
what happens when AI is wrong.

01  INPUTS 02  RULES 03  OUTPUTS 04  DECISIONS

Process sensors and 
historians

Inspection and NDT 
records

MOC and maintenance 
logs

Design limits and 
standards

each source has a named owner

Encode the criteria
Acceptance and rejection 
criteria
Alarm, trip and 
inspection limits
Performance standards 
per barrier
Data gaps and quality 
flagged

the plant’s rules, not the model’s

Condition and integrity 
KPIs

Degradation trends 
over time

Exceedance and 
anomaly flags

Decided upon before building, 
with confidence and frequency

Target inspection

Plan 
maintenance

Repair or shut 
down

competent person decides

Show your working: every link between source, rule, output and decision is designed, owned and documented — governance 
does the rest.
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Governance makes the AI-informed decision defensible

Wiring AI into plant evidence answers the first three questions; governance answers the fourth — what happens 
when AI is wrong.

Accountability stays 
human

1. Named accountability
A named, competent duty holder owns 
each AI-informed decision and its 
outcome.

2. Data ownership
Confirm who owns sensor data, 
inspection records, document sources 
and model updates.

3. Management of change
Assess AI-enabled workflows, 
approvals, training, fallback actions and 
review points.

4. Competent review
AI may flag patterns, but competent 
persons must review evidence before 
decisions.

And if the evidence falls short, pause, fix or stop rather than scale.
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People must feel safe to
challenge AI
If AI feels like surveillance, workers may stop reporting weak 
signals.

01 Question the output
Workers can ask what data is missing and whether 
field evidence should override the recommendation.

02 Avoid blame signals
Be clear that analytics is for safety support and 
coaching, not automatic discipline.

03 Keep reporting alive
Near misses, overrides and workarounds should 
trigger learning and improvement.

The safety test: would an operator feel safe to say, “I think the AI is wrong”?

19
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Recap

Three ideas to carry forward: see the risk, use AI where it earns its 
place, and keep people accountable.

01 What is ageing and why ageing risk matters
Ageing is lost assurance in condition and knowledge — not calendar age 
— and it drives safety, reliability and compliance risk.

02 Where AI can help
Bounded, evidence-based pilots target inspection, preserve expertise 
and strengthen barrier-integrity evidence.

03 What must stay human
AI recommends, but competent people challenge, review and stay 
accountable for every decision.

20

Start small. Validate with experts. Scale responsibly.
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Thank you.
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