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Introduction to predictive maintenance



“I dream that factories operate succesfully 
within the planetary boundaries.”

 - Roland van de Kerkhof
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https://www.stockholmresilience.org/research/planetary-boundaries.html
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Maintenance strategies
Performing maintenance at the right time helps in realizing value from assets and can reduce footprint

Corrective Preventive

Periodic Condition-based

After functional failure:

- directly afterwards

- after the failure has been 

observed in a functional 

test/inspection (hidden 

failure)

Based on:

- calendar time

- operational hours

- activities

- opportunity

- functional usage profile

Based on:

- current condition

- expected failure moment 

(predictive maintenance)

Before functional failure
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Quiz time! (formative)

How many Condition Monitoring technologies exist?
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Quiz time!

What was the first Non-Destructive Testing technology? 

And when was it developed?



1920: 
Industrial 
radiography
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Quiz time!

For what percentage of assets is Predictive Maintenance optimal?
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Percentage of assets

“In fact, if RCM is correctly applied to typical modern, 

complex industrial systems, it is not unusual to find that 

condition monitoring […] is technically feasible for no more 

than 20% of failure modes, and worth doing in less than half 

these cases. This is not meant to imply that condition 

monitoring should not be used – where it is good, it is very, 

very good – but we must also remember to develop suitable 

strategies for managing the other 90% of our failure modes.”

- John Moubray (1997, p.155)

“Op naar 100% voorspelbaar onderhoud.”

- World Class Maintenance

0% 10%

Costs of monitoring

Failure modes monitored

“Recent advancements in connectivity, data storage and data 

processing have increased the potential performance of condition 

monitoring, both in terms of efficiency and accuracy, dramatically 

expanding the potential scope of CM applications.”

- McKinsey (2015)

100%
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Technical perspective
How do assets degrade and break down?

“One of the key – and most challenging – findings of modern maintenance 

management is the discovery that very few failure modes are actually age-related.”

- Degradation often isn’t proportional to stress, and stress is rarely constant

- Most systems are complex, in which a combination of subsystems (and interactions 

between them) lead to a multitude of possible failure modes

resistance to stress

stress

tijd

2. resistance 

permanently reduced 

from stress peak onwards

resistance to stress

stress

tijd

3. resistance 

temporarily reduced 

by stress peak

resistance to stress

stress

tijd

4. resistance reduces 

from stress peak onwards

resistance to stress

stress

tijd

1. resistance constant, 

stress variable
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Technical perspective
How do assets degrade and break down?

C
o

n
d

it
io

n

Time

What happens after a stress peak?

(condition per failure mode)

3. resistance reduced 

temporarily

1. resistance 

constant 2. resistance 

permanently reduced

4. resistance reduces

Note: Most systems have multiple failure 

modes, which makes it harder to assess 

the current condition and predict time of 

breakdown (especially if stress is variable)
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Quiz time!

Can you predict breakdown?
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Quiz time!
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Economic perspective

Detection

> Is there an anomaly?

Diagnosis

> What is the current state of the asset? (failure mechanisms)

> What has caused degradation?

> What maintenance action is desired?

Prognosis

> What is the expected future state of the asset? (failure 

mechanisms)

> When is the asset expected to break down? (failure modes)

> When is maintenance desired? 

> Can we skip the next (periodically) scheduled maintenance 

activity?
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Economic perspective
Type of analysis and prediction horizon affect what action you can take
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Economic perspective
Accuracy determines how often you take the right action
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Economic perspective
Most predictive maintenance applications have one or two dominant value drivers

Effect How? (mechanism)

Reduce 

maintenance 

costs

-10%<>50%

Reduce frequency maintenance activities:

> skip periodic maintenance if condition is ok

> lower failure rate through early repair of wear (detection), 

better maintenance (better diagnosis, more preparation time) 

and modifications (from improved understanding 

degradation)

Reduce costs per maintenance activity:

> performance maintenance preventively (instead of 

correctively)

> perform maintenance targeted/selective

> cluster maintenance activities

Reduce 

CAPEX

-10%<>50%

Reduce frequency of investments:

> skip periodic investment/replacement if condition is ok

> lower failure rate through early repair of wear, better 

maintenance and modifications

Reduce expenses per investment:

> reduce overspecification

Effect How? (mechanism)

Reduce 

risk

0%<>50%

Reduce frequency of incidents:

> lower failure rate

> prevent incidents by performing preventive maintenance and/or 

adjusting production

Reduce consequences per incident:

> anticipate earlier (early warnings)

Reduce OPEX

0%<>10%

Reduce energy usage:

> early detection of (causes of) efficiency losses

Reduce material usage

Improve OEE

0%<>25%

Reduce downtime:

> lower failure rate, preventive (instead of corrective) maintenance, 

fewer periodic maintenance, clustering maintenance activities

Improve performance:

> fewer slowdowns

> demonstrate that the asset can be safely operated at higher 

speed

Reduce quality losses:

> early detection of (causes of) quality losses
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Initial exploration

Tata Steel and BP in 2014:

> ±30% of maintenance activities = inspection

> ±20% of maintenance = condition-based

> >50 unique Condition-Monitoring (CM) technologies used

> ±75% was used before 2000

> ±70% was used on a small part of applicable assets (0-20%)

> ±80% wasn’t applied structurally (0-1 times per year per asset)

Research questions

If it is possible technically, interesting economically, and desired by organizations, why is the

uptake of Condition-Based Maintenance (CBM) based on advanced CM technologies still so 

low?

Once a firm has decided to adopt a certain technology, why should it be slow in rolling it 

out to all potential applications? 

Ramping up predictive maintenance
Insights from PhD research, asset owner perspective



Towards maturity

> What level of CBM maturity is optimal, differs from 
organisation to organisation and can differ over time

> The path towards CBM maturity looks similar for many 
asset owners and requires both technical and 
organisational innovation (WCM SAMEN kennisproduct 3)

> AOs are dependent upon CM service providers for 
developing, applying and ramping up CM technologies at 
multiple levels of maturity

Explanations

> The speed of ramp-up is dependent upon technical, 
economic and organisational factors

> Almost all technologies encounter “ceilings” in their ramp-
up trajectories, which can be technical, economic or 
organisational in nature

> The factors and ceilings change over time through 
diffusion mechanisms (see picture above)

> Most of these diffusion mechanisms work locally only

Observations

> None of the 12 CM technologies followed the classic S-
curve of innovation ramp-up

> There’s a large difference in extent of first adoption (for 
example, 2 technologies started at 100%)

> Most technologies are unlikely to reach 100% (10 out of 12)

> In 54% of years, the CM technology was not ramped up

> In 3% of years, the CM technology was ramped down
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Main insights
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WCM Fieldlab SAMEN
KP3: Predictive maintenance roadmap

> Technical and economical perspectives 

are relevant, but select based on 

motivation of the people involved 

(innovation: uncertain, requires effort 

and convincing)

> Pay additional attention to first 

applications of new predictive 

maintenance technologies

(try to get the data collection, analysis 

and decision-making processes in 

place and the performance at the 

desired level)

> Do it together

(even the largest asset owners greatly 

benefit from utilizing the knowledge 

and innovative capability of their 

service providers and OEMs)
https://www.wcmvector.com/kennisproduct/stappenplan-predictive-maintenance; https://www.wcmvector.com/ 

https://www.wcmvector.com/kennisproduct/stappenplan-predictive-maintenance
https://www.wcmvector.com/


Cambridge 
Innovation Center

Groot Handelsgebouw
A4.004   

Stationsplein 45 

3013AK Rotterdam

Contact info

Roland van de Kerkhof roland@sdco.nl



“We are system dynamics specialists, domain experts 
and dreamers. Together we model complex systems 
and accomplish smart decisions.”
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