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The system changed faster than the asset
Climate change is altering operating conditions
• More extreme heat, flood, fire and weather variability
• Historical operating assumptions becoming less reliable
The response to climate change is reshaping infrastructure
• Renewable generation changing power system behaviour
• Worldwide electrification increasing demand for electricity
• Desalination increasing dependence on energy-intensive water 

supply
• Data centres increasing demand for power, water and 

communications
Infrastructure is becoming more interconnected
• Greater dependence between power, water, communications and 

transport
• Small disruptions increasingly capable of creating wider impacts
Asset roles are changing faster than asset replacement
• Assets designed for one operating context now support another
• Maintenance strategies often still reflect historical assumptions

Presenter Notes
Presentation Notes
Before we talk about maintenance, I think it's important to recognise what has actually changed.
Most infrastructure assets are long-lived. Pumps, transformers, pipelines, treatment plants, substations and structures often remain in service for decades.
The assets themselves have not changed that quickly.
What has changed is the system around them.
Climate change is obviously part of that story. We are seeing more extreme heat, more intense rainfall events, longer droughts and increasing weather volatility.
But the more interesting observation is that our response to climate change is also changing the infrastructure system.
The move to solar and wind is changing how power systems operate. Worldwide electrification is increasing demand for electricity. Desalination is becoming an increasingly important source of water security. Data centres are creating large new demands for both power and water.
At the same time, these systems are becoming increasingly interconnected. Water depends on power. Power depends on communications. Communications depend on power. Transport, contractors and supply chains all become part of the same resilience story.
The net result is that many assets are now supporting a very different system from the one they were originally designed to operate within.
The challenge for asset managers is that maintenance strategies often evolve much more slowly than the operating context around them.
That growing mismatch is what creates many of today's resilience and reliability risks.




The plant was never meant to run like this
Asset duty is changing faster than asset replacement
• Baseload generation becomes cycling generation
• Backup infrastructure becomes primary infrastructure
• Legacy networks support new demand patterns
Economic margins are tightening
• Revenue and utilisation becoming less predictable
• Major renewals often deferred
• Maintenance budgets remain constrained
Performance expectations continue to rise
• Higher reliability expectations
• Less tolerance for outages
• Greater dependence on infrastructure services
The challenge
• Deliver more service from ageing assets
• Maintain reliability with less margin for error
• Make better maintenance decisions with finite resources
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Most discussions around climate resilience focus on hazards — heat, floods, fires and storms.
They're important, but I think they're only half the story.
What many organisations are experiencing is something more practical.
We are increasingly asking assets to perform duties they were never designed for.
A power station designed for steady baseload operation is now cycling. A network designed around predictable demand is supporting electric vehicles, distributed generation and data centres. Infrastructure that was once backup capacity is becoming part of normal operations.
At the same time, the economics often become more difficult.
Revenue can become more volatile. Major renewals get deferred. Outage windows shrink. Maintenance budgets remain finite.
Yet expectations continue to rise.
The regulator still expects compliance. Customers still expect service. Management still expects production.
So the challenge facing many asset managers isn't simply climate change.
The challenge is how to continue delivering performance from ageing assets that are operating in a very different environment from the one they were designed for.
We are effectively trying to extract more service, more utilisation and more resilience from the same equipment with the same—or sometimes fewer—resources.
The result is that mistakes become more expensive.
Small failures that were once inconvenient can now have much larger consequences because the system has less spare capacity and less tolerance for disruption.
And that's where maintenance becomes critically important.
Because when you can't replace everything, and you can't maintain everything, the quality of your maintenance decisions becomes one of the most important resilience controls you have.




Different industries, same constraints
The constraints are remarkably similar
• More defects and risks than available funding
• Ageing assets remain in service longer
• Reliability expectations continue to increase
New infrastructure brings new failure modes
• New technology is not always more robust
• Supply chains, software and thinner designs introduce new risks
Many critical assets cannot be easily accessed
• Buried pipelines
• Linking transformers
• Subsea communications cables
• Remote and hazardous infrastructure
The real challenge
• Decide where the next maintenance dollar has the greatest effect
• Accept that not everything can be maintained or replaced
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One of the surprising things about working across multiple industries is how similar the asset-management problems actually are.
The assets are completely different.
A power station has very little in common with a water treatment plant.
A buried water main looks nothing like a subsea communications cable.
A transmission transformer is very different from railway signalling equipment.
Yet the decisions are remarkably similar.
Every organisation has more work than budget.
Every organisation has assets operating beyond their original assumptions.
Every organisation is trying to improve reliability while controlling expenditure.
And every organisation is under pressure to keep delivering service.
We also tend to assume that newer infrastructure is automatically better.
In reality, that's not always true.
New equipment often introduces new failure mechanisms, greater software dependency, thinner materials, more complex supply chains, or reduced design margins.
At the same time, many of the most important assets cannot simply be inspected whenever we choose.
A century-old water main beneath a city.
A linking transformer that cannot easily be taken out of service.
A subsea communications cable thousands of kilometres long.
In many cases, we don't truly know their condition.
We infer it from limited information and experience.
Which means the real challenge facing asset managers is not maintaining everything.
The real challenge is deciding where the next maintenance dollar will have the greatest impact.
Because in every industry, the number of potential problems will always exceed the resources available to solve them.




The system is changing faster than the organisation
Most failures no longer occur in isolation
• Power, water, communications and transport increasingly 

depend on each other
• Disruptions often propagate across multiple systems
Traditional ownership boundaries remain
• Assets managed separately, generally between different 

organisations
• Budgets allocated separately
• Risks assessed separately
The biggest vulnerabilities are often invisible
• Shared dependencies
• Common mode failures
• Temporary loss of redundancy
• Critical interfaces between systems
Resilience depends on understanding the whole system
• Not just the assets we directly own
• But the assets our assets depend on
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Historically, asset management focused on individual assets.
That made sense because most failures were local.
A pump failed.
A transformer failed.
A pipeline failed.
Engineers investigated the asset and fixed the problem.
Today, many of the largest risks sit somewhere else.
They sit between systems.
Water depends on power.
Power depends on communications.
Communications depend on power.
Data centres depend on all three.
Transport and supply chains connect everything together.
Yet most organisations are still structured around assets, departments and budgets.
We manage electrical assets separately from mechanical assets.
Operations separately from maintenance.
Water separately from power.
Each group makes sensible local decisions.
The problem is that the system itself is changing faster than the organisation's ability to understand all of those interactions.
Many major failures now emerge from shared dependencies, temporary loss of redundancy, or interactions between systems that individually appear healthy.
Increasingly, resilience is less about understanding the asset you own and more about understanding the assets your asset depends on.
Because the biggest vulnerability is often sitting in the gap between two well-managed systems.




Risk matrices have a blind spot
Risk matrices work well for routine problems
• Individual failures
• Known failure modes
• Stable operating assumptions
The blind spot
• Very low probability events score lower than they deserve
• Consequences may exceed the organisation's ability to recover
Climate stress changes the equation
• Historical likelihood assumptions become less reliable
• Previously theoretical scenarios become credible
The real challenge
• An organisation can survive thousands of routine failures
• It only gets one organisational wipeout event
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Risk matrices are useful tools, but they have a blind spot.
They are generally very good at ranking routine operational problems.
Where they often struggle is with organisational wipeout events.
Events that are capable of fundamentally changing or even destroying an organisation are frequently assigned low or medium risk ratings because they are considered very unlikely.
The mathematics often works against us.
Extremely low likelihood drives the score down, even when the consequence exceeds anything the organisation could realistically absorb.
In other words, the matrix can make an existential threat appear acceptable.
Climate change makes this more challenging because many of the assumptions used to justify those low likelihood values are becoming less certain.
The result is that events once considered theoretical are increasingly becoming credible operating scenarios.
An organisation can survive thousands of routine failures.
It only needs one organisational wipeout event.
The challenge for asset managers is recognising when an ordinary maintenance decision is contributing to one of those pathways.




Separate the critical from the clutter
Not everything deserves asset status
• Record only assets that materially influence safety, service, 

resilience or cost
• A 50 mm valve you can buy at Bunnings should never make it onto 

the asset register!
Static criticality is an essential first step
• Identifies the assets that genuinely matter
• Aligns maintenance, operations and investment decisions
Make criticality understandable
• Express consequences in business terms ($ risk)
• Use simple rules to place assets into 5 buckets
• Consistency beats precision
• No analysis paralysis
The payoff
• Focus scarce maintenance effort where it matters most
• Stop spending resilience dollars on clutter
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The first step is to separate the critical from the clutter.
One of the biggest mistakes I see is treating the asset register as an inventory list.
A 50 mm valve you can buy from Bunnings this afternoon should not be competing for engineering attention with a transformer, a treatment train or a major pump station.
Static criticality remains one of the most valuable things an organisation can do because it forces a simple question:
What really matters?
Keep it simple. Express consequences in business terms. Use dollars, service impact and recovery effort—not engineering jargon.
You don't need a 500-page methodology and a 2 hour debate whether an asset is level 1 or level 2 consequence.
You're simply trying to sort assets into a small number of consequence buckets.
Consistency beats precision every time.
Because every hour spent analysing clutter is an hour not spent managing the assets that actually protect resilience.
The payoff is straightforward.
Every organisation has more assets than budget, more defects than resources, and more work than time.
The purpose of static criticality is not to create a perfect ranking system.
The purpose is to make sure maintenance effort, inspections and capital dollars are directed towards the assets that genuinely influence reliability, resilience and organisational risk.
When done well, the organisation spends less time managing clutter and more time protecting the assets that actually keep the lights on, the water flowing, and the business operating.




Dynamic criticality: what is critical now?
Asset importance is not fixed
• Criticality changes as operating conditions change
• The most important asset this week may not be the most important asset 

next week
Context matters
• Condition
• Redundancy
• Weather
• Demand
• System configuration
Use the information you already have
• Asset register, Static criticality, Condition data, Operational status

The outcome
• Focus effort on assets currently protecting resilience
• Make better maintenance decisions with the same budget
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Static criticality tells us which assets matter.
Dynamic criticality asks a different question.
Which assets matter right now?
The reality is that asset importance is not fixed.
A pump that is normally medium critical can become highly critical if redundancy has been removed.
A communications system can become critical during an emergency response.
A transformer can become critical during a period of high demand.
The asset hasn't changed.
The operating context has.
Dynamic criticality recognises that condition, redundancy, demand, weather and system configuration all influence risk.
The good news is that most organisations already possess much of the information required.
The objective is not to create another dashboard.
The objective is to direct limited maintenance resources towards the assets currently protecting resilience.
In a world where budgets remain constrained, that allows organisations to make better decisions without necessarily spending more money.




When medium-critical assets become critical
Criticality can change overnight

Loss of redundancy
• Standby equipment becomes operationally critical
• Remaining assets inherit the full system risk
Changing operating conditions
• Extreme weather
• High demand periods
• Emergency response situations
System reconfiguration
• Maintenance outages
• Temporary bypass arrangements
• Supply chain or access constraints
The implication
• Yesterday's medium-critical asset can become today's most 

important asset

Presenter Notes
Presentation Notes
Dynamic criticality becomes real when an asset that is normally considered medium critical suddenly becomes essential to the safe operation of the system.
The asset itself hasn't changed.
What has changed is the context around it.
Redundancy may be unavailable. Demand may be elevated. Weather conditions may be deteriorating. The system may be operating in a configuration that relies heavily on a particular asset for a relatively short period of time.
A good example is the Callide C4 incident.
Under normal operating conditions, a battery charger would rarely feature on anyone's list of the site's most critical assets. It would typically sit somewhere in the middle of the pack.
However, for a short period of time, the operation of the generating unit depended on that system performing its function. When it didn't, the consequences were far greater than the apparent importance of the asset would have suggested.
That's the key lesson.
Major incidents are often not caused by the failure of the most obviously critical asset. They occur when a temporarily critical asset is overlooked because its criticality was assessed under normal conditions rather than the conditions that actually existed on the day.
The organisations that manage resilience best are often the ones that recognise these temporary shifts in importance before the failure occurs and adjust their maintenance priorities accordingly. The objective isn't better models. The objective is putting maintenance effort onto the assets currently protecting resilience.




Hidden assumptions create hidden vulnerabilities
Redundancy can duplicate vulnerability
• Backups may sit in the same hazard zone
• Separate systems may rely on the same power, fuel, access or 

controls
• Recovery plans may assume roads, suppliers or communications 

still work

Assumptions stay hidden while they hold
• Power is available
• Communications work
• Fuel can be delivered
• Backup systems are ready when needed

The real test
• Redundancy only works if it survives the same event
• Resilience depends on whether the assumptions still hold under 

stress
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A lot of organisations assume resilience comes from having backups.
More pumps. More generators. More communications links. More servers.
Sometimes that's true.
Sometimes it isn't.
One of the lessons that comes out of many major failures is that the backup often shares the same vulnerability as the thing it is supposed to be protecting.
A backup server in a different room sounds good until you discover both buildings sit below the same flood level.
A backup generator sounds impressive until both generators depend on the same fuel supply.
A standby pump sounds resilient until you realise it sits in the same flood zone as the duty pump.
On paper the organisation appears to have redundancy.
In reality it has duplicated vulnerability.
This is where engineering assumptions become important.
Most of the time these assumptions are invisible because they hold true. Power is available. Communications work. Roads are open. Fuel can be delivered. Backup systems are available when needed.
The problem only becomes visible when those assumptions fail.
Climate change is making this more important because many events now affect multiple systems simultaneously. The asset, the backup, the access route and the recovery plan can all be affected by the same event.
The question therefore is not:
"Do we have redundancy?"
The better question is:
"Will the redundancy survive the same event?"
That single question will often tell you more about resilience than a long list of backup assets.
Because resilience is rarely determined by the number of backups an organisation owns.
It is determined by whether the assumptions supporting those backups remain valid when conditions become difficult.




Recognising Emerging Vulnerabilities

Monitor the conditions that move risk
• Asset condition changes
• Redundancy changes
• Demand, weather or operating configuration changes

Look beyond your organisation
• Shared infrastructure dependencies
• Supply chain and spares constraints
• Third-party service providers
• Power, water, access and communications interdependencies

Respond before resilience is exposed
• Recognise when consequence has changed
• Prioritise maintenance where resilience is weakening
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The objective is not to monitor everything.
The objective is to monitor the conditions that actually move risk.
Condition changes.
Redundancy changes.
Demand changes.
Weather changes.
Operating configurations change.
Those are the things that change consequence.
Most organisations already have this information. The challenge is linking it to maintenance decisions.
A heatwave can make cooling systems more important.
A maintenance outage can make standby equipment critical.
Loss of redundancy can change what defects are acceptable.
The goal is not another dashboard.
The goal is recognising when consequence has changed and responding before resilience is exposed.
That's all dynamic criticality is really doing.




Spend maintenance dollars where they matter most
Not all risk reduction costs the same
• Small interventions can remove major exposure
• Expensive projects do not always deliver the greatest resilience 

benefit
• Timing matters as much as condition
Prioritise interventions, not just assets
• Maintenance, Inspection, Defect repair
• Critical spares
• Redundancy improvements
Follow consequence, not habit
• Redirect effort when criticality changes
• Focus on assets currently protecting resilience
• Reassess as operating conditions change
The objective
• Maximise risk reduction for the available budget
• Prevent manageable failures becoming major events
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Once we've identified where the vulnerabilities are, the next question is simple:
Where should we spend the next dollar?
Not all maintenance activities reduce risk equally.
A relatively small intervention can sometimes remove a major exposure. Restoring redundancy, fixing a known weak point or holding a critical spare may deliver more resilience than a much larger project.
The objective is not to rank assets.
The objective is to rank interventions.
What action changes the outcome?
Dynamic criticality helps because it shows which assets are carrying elevated consequence today, not just which assets are normally important.
The goal is not to spend more money.
The goal is to spend the available money where it reduces the most risk..




Not all assets need the same level of condition monitoring
Get the fundamentals right first
• Asset hierarchy and asset alignment
• Critical assets identified and understood
• Basic maintenance routines consistently executed
Match monitoring to consequence
• Low consequence assets → basic inspections
• Medium consequence assets → targeted condition monitoring
• High consequence assets → advanced monitoring and analytics
Use technology where it adds value
• Online monitoring
• Thermal imaging
• Vibration analysis
• Acoustic monitoring
• Remote condition assessment
The payoff
• Better visibility of emerging risk
• Condition effort aligned with consequence
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One of the mistakes I see organisations make is jumping straight to advanced monitoring technologies before they have mastered the basics.
Dynamic maintenance does not start with artificial intelligence, digital twins or machine learning.
It starts with understanding what assets matter, ensuring they are correctly identified, and making sure the basic maintenance tasks are actually being completed properly.
Once that foundation exists, condition monitoring can be layered on top.
The important point is that not every asset deserves the same level of attention.
A low-consequence asset may only require basic inspections.
A medium-consequence asset may justify targeted monitoring.
The most critical assets may warrant online condition monitoring, vibration analysis, thermal imaging or other advanced techniques.
The objective is not to collect more data.
The objective is to gain earlier visibility of deterioration on the assets where failure would genuinely matter.
Condition monitoring should follow consequence, just like maintenance, capital investment and redundancy planning.
The organisations that do this well don't necessarily have the most sensors.
They have the best alignment between consequence, condition information and decision making.




Intervene before resilience is exposed
Not every defect needs immediate action
• Condition alone should not drive intervention
• Consequence and operating context matter
Consider the whole operating picture
• Current criticality
• Available redundancy
• Condition trend
• Remaining life
• Opportunity for repair
Choose the right response
• Monitor/ Nurse
• Repair/ Replace
• Defer
The objective
• Act before resilience is compromised
• Maximise risk reduction per maintenance dollar
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One of the most important maintenance decisions is knowing when not to intervene.
Traditional maintenance often treats deterioration as a trigger for immediate action.
Dynamic maintenance takes a broader view.
Condition is important, but condition alone does not determine risk.
A degraded asset with multiple layers of redundancy may require monitoring rather than immediate repair.
Conversely, a relatively minor defect on an asset that is currently protecting system resilience may require immediate attention.
The decision should consider the whole operating context.
What is the asset's current criticality?
What redundancy remains?
Is condition stable or rapidly deteriorating?
Is there an upcoming outage opportunity?
Could temporary controls reduce risk?
The available responses are also broader than simply repair or replace.
Sometimes the right answer is to monitor.
Sometimes it is to nurse the equipment until a planned intervention window.
Sometimes it is immediate repair.
The objective is not to eliminate every defect.
The objective is to act before resilience is compromised and before a manageable problem becomes a consequential event.




Simple rules beat perfect models

Most decisions are not complicated
• Focus on the assets that matter
• Monitor the conditions that move risk
• Escalate when predefined triggers occur
Avoid false precision
• Five consequence buckets are enough
• Consistency beats precision
• A good model implemented beats a perfect model on the shelf
Rules scale
• Apply across thousands of assets
• Consistent decisions across the organisation
• Rapid implementation and maintenance
The payoff
• Better decisions without more complexity
• Faster adoption and greater organisational trust
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One of the reasons dynamic criticality often struggles to gain traction is that organisations assume it requires highly sophisticated models, huge datasets and advanced analytics.
In my experience, the opposite is often true.
The most successful systems tend to be the simplest.
They identify the assets that matter, monitor the conditions that move risk, and use clear rules to determine when priorities change.
Most maintenance decisions do not require mathematical optimisation, machine learning or digital twins.
They require consistency.
We've already accepted that five consequence buckets are enough for criticality. The same principle applies here.
If the condition changes, do this.
If redundancy is lost, do that.
If demand increases beyond a threshold, change priorities.
The objective is not to achieve perfect modelling.
The objective is to create a system that engineers, operators, planners and managers all understand and trust.
Because a good model used every day will always outperform a perfect model that nobody uses.
The organisations that implement dynamic maintenance successfully are rarely the ones with the most advanced algorithms. They're the organisations that turn simple rules into consistent decisions at scale.
Resilience is usually won or lost through thousands of simple decisions executed consistently, not through a single clever model.





What changes on Monday morning?
Separate the critical from the clutter
• Clean up the asset register
• Focus on assets that materially affect business outcomes
• Stop spending resilience effort on noise
Test the assumptions
• Where has redundancy been lost?
• What dependencies have appeared?
• What changes under extreme weather, demand or outage 

conditions?
Follow risk as it moves
• Monitor condition, redundancy and operating context
• Re-prioritise when consequence changes
• Direct effort toward assets currently protecting resilience
Invest in maintenance capability
• Better visibility
• Better decisions
• Better resilience
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So what changes on Monday morning?
Not a major transformation program.
Start by separating the critical from the clutter.
Understand which assets genuinely matter and which ones consume time without materially affecting risk.
Next, test the assumptions.
Where has redundancy been lost?
What dependencies have appeared?
What changes during a heatwave, flood, outage or peak demand period?
Then follow risk as it moves.
If consequence changes, priorities should change.
The maintenance plan should not become more important than the operating reality.
Finally, invest in maintenance capability.
Better visibility.
Better decisions.
Better resilience.
The objective is not to maintain everything.
The objective is to understand where failure would hurt most, and direct scarce resources accordingly.
That's what changes on Monday morning.




Resilience is a maintenance decision
The world is changing faster than many assets
• Climate, demand and system dependencies continue to evolve
Some assets must be managed for generations
• Many critical assets will remain in service for decades
• Others may never be economically replaced during our careers
New assets bring opportunity—and new risks
• New infrastructure will continue to be added
• New technology can introduce new failure modes, supply chains and 

dependencies
• Newer does not automatically mean more resilient
Maintenance bridges the gap
• Dynamic criticality identifies what matters now
• Maintenance priorities move as risk moves
• Resilience is protected before failure occurs
The outcome
• Existing and new infrastructure work together to support a changing 

world
• Better resilience without waiting for the next capital project
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Many discussions about resilience assume the answer is simply replacing ageing infrastructure.
In reality, many critical assets will remain in service for decades. Some assets, such as major sewer systems, dams, pipelines and transmission corridors, may effectively serve multiple generations.
At the same time, new infrastructure will continue to be added. Renewable generation, batteries, data centres, desalination and digital systems will become increasingly important.
But new does not automatically mean better.
New infrastructure often introduces new failure modes, new dependencies and new supply chain challenges that did not exist before.
The future therefore isn't a choice between old assets and new assets.
It's a combination of both.
The challenge is ensuring that ageing infrastructure and emerging infrastructure continue to operate as a resilient system.
That's where maintenance becomes critical.
Dynamic criticality provides a practical way of directing limited maintenance effort towards the assets currently protecting resilience, regardless of whether they were built fifty years ago or five years ago.
The world will continue to change. Our asset base will continue to evolve. Resilience depends on how effectively we maintain both.
The question is not whether the asset is old or new. The question is whether it is protecting resilience today. Maintenance remains one of the few levers organisations can adjust immediately while larger capital and adaptation programs slowly catch up.





What this looks like in practice
Better decisions before bigger investments
• Improving resilience using the assets already in service
• Identifying vulnerabilities before failure occurs
• Reducing exposure while larger capital programs catch up
Focus on consequence, not just condition
• Understand where failure would hurt most
• Test assumptions and hidden dependencies
• Recognise when asset importance changes
Maintenance as a resilience capability
• Maintenance, monitoring, renewals and redundancy working 

together
• Priorities changing as risk changes
• Resources directed to assets currently protecting resilience
Remember this
• The asset may not have changed
• The consequence often has
• Maintenance priorities should move as risk moves
• Resilience is built one maintenance decision at a time

Presenter Notes
Presentation Notes
To finish, I would come back to the central idea of the presentation.
The assets themselves often change slowly.
The system around them does not.
Climate, demand, technology, operating duty and infrastructure dependencies continue to change. As they do, the consequences associated with failure also change.
The organisations that respond well are not necessarily the organisations that spend the most money.
They are the organisations that understand where consequence sits, recognise when assumptions are changing and direct resources towards the vulnerabilities that matter most.
Most of the examples shown on this slide have one thing in common.
They improved resilience by making better decisions about the assets already in service.
Not by replacing everything.
Not by building a perfect model.
Not by waiting for the next major capital project.
The key message is simple.
The asset may not have changed.
The consequence often has.
If maintenance priorities move as risk moves, organisations are far better placed to keep manageable problems manageable.
That is ultimately why maintenance remains one of the most important resilience controls available to asset-intensive organisations.
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