Roadmap predictive maintenance
Interactieve sessie

Maintaining the Future @ Gasunie | 05-11-2025



Achtergrond

En er is dus verdiepend materiaal beschikbaar :) (wordt meegestuurd)

2013-2020 Ph.D, Tilburg University

Lessons learned: Het implementeren en opschalen van
condition-based maintenance

Condition-Based Maintenance Maturity Model (asset owners)

2020 Whitepaper
The business case for predictive maintenance

2020-2023 Kennisproduct WCM SAMEN

Stappenplan predictive maintenance (asset owners, service
providers & OEMs)

2024-2025 Simulatie Gasunie

When green hydrogen goes in the red: How operations
management challenges can demolish energy transition
business cases (artikel wordt momenteel geschreven)

D SD&CoO Maintaining the Future @ Gasunie
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Interactieve sessie: Oefenronde

Stel, u gaat als organisatie aan de slag met predictive maintenance. Waar begint u dan?
Arm omhoog
Met het bepalen van een visie van hoe het eruitziet als wij predictive
maintenance optimaal inzetten binnen onze organisatie

Armen omlaag
Met een pilot



Interactieve sessie

De eindbestemming

Wij hebben als asset owner predictive maintenance maturity bereikt als ...

Arm omhoog
Wij bij al onze assets voorspellen wanneer deze gaan falen

Armen omlaag
Wij predictive maintenance optimaal inzetten om de
behaalde waarde uit de assets te verhogen



CBM Maturity Model

Voor asset owners in de procesindustrie

Interactieve sessie

De eindbestemming
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CBM Maturity Model

Interactieve sessie

De eindbestemming

1 2 3 4 5
Geen CBM Reactief CBM Gepland CBM Proactief CBM World Class CBM
Omschrijving CBM wordt structureel en . CBM wordt proactief gebruikt om de : :
) planmatig _ T CBM wordt aptimaal gebruikt om de
CBM wordt niet gebruikt CBMﬂﬁEgiiiigﬁﬁm e gebruikt om de efficiéntie van berrowbr{i’j;:;i:r;g;ﬁgu;;:wretr Y hehaalde waarde vit assets te verhogen
anderhoud te verhogen (reliability perspectief) {asset management perspectief)
onderhoudsafdeling + reliability engineer  + productieplanning
+ process engineer + projecten
+ [nkoop
+ ...
easy-to-learn & meer online, real-time CM technieken
easy-to-use & geavanceerde opgeschaald &
CM technieken CM technieken optimale combi




Interactieve sessie

De eindbestemming

Niveau 5 — World Class predictive maintenance — is voor elke asset owner optimaal

Arm omhoog
Uiteraard

Armen omlaag
Zeker niet

Devico  wmmwese



Interactieve sessie

De eindbestemming

4
Proactief CBM
CBM worgt proactief gebruikt om de

2

[

Reactief CBM

3
Gepland CBM

1
Geen CBM

World Class CBM

CBM wordt optimaal gebruikt om de

Omschrijving CBM wordt structureel en planmatig

voorkomen van storingen

correctief onderhoud en beter voorbereid
onderhoud

; . CBM wordt ad hoc gebruikt om te - o betrouwbaarheid en productiviteit van .
CBM wordt niet gebruikt anticiperen U;; toringen gebruikt om ae efficiéntie van assets fe vfrhogen behaalde waarde uit assets te verhogen
onderhoud te verhogen o ) asset management perspectie
hog (reliability perspectief) ( ge persp Y
Geen waarde Lagere onderhoudskosten door het Lagere onderhoudskosten door minder Hogere omzet uit productie door hogere  |Hogere ROA en lagere TCO door het

OEE en klanttevredenheid en lagere
onderhoudskosten door hogere

verminderen van buffers en het
optimaliseren van het gebruik van de assets

betrouwbaarheid

kosten voor predictive maintenance nemen toe
(technologie, organisatie, mensen)

neemt de waarde voldoende toe om een hoger
maturiteitsniveau interessant te maken?

Maintaining the Future @ Gasunie



WCM SAMEN

Kennisproduct 3: Stappenplan predictive maintenance

Samen met Eelco Scheen (ABB)

Betrokken bij de ontwikkeling

> Grotere en kleinere organisaties

> Organisaties met verschillende niveaus van maturiteit
> Verschillende rollen

> Asset owners: Eneco, Schiphol, Shell, Tata Steel in lJmuiden,
Tata Steel Tubes, Waterschap de Dommel

> Service providers: Equans, lJssel Technologie, Perfact Group,
Samotics, Sitech, SPIE, SPM, Stork

> OEMs: ABB, ASML, Croonwolter&dros, Heijmans, Lan
Handling Technologies, Vanderlande, WEMO

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

D SD&CO Maintaining the Future @ Gasunie



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

Interactieve sessie

De eindbestemming: service providers

DSD&CO

Service provider | Type

Visualized end state

Perfact Group Consultancy CM implementation & consultancy
Samotics CM provider Scaled up for niche market

Sitech Maintenance provider | CM integrated in services

SPIE Maintenance provider | CM add-on to services

SPM CM provider Technology provider + training

Maintaining the Future @ Gasunie

Er zijn veel verschillende typen service providers,
dus ook verschillende “end states” en roadmaps voor service providers.



Interactieve sessie

De weg er naartoe

De roadmap (om van maturiteitsniveau 1 naar 2 te komen, van 2 naar 3, etc.) ziet er voor
asset owners en OEMs vergelijkbaar uit

Arm omhoog
Ja, het ziet er verrassend vergelijkbaar uit

Armen omlaag
Nee, de meeste stappen zijn specifiek voor assets owners/OEMs



SD&CoO

Level 1
No Condition-Based
Maintenance

Description CBM is not used

Predictive maintenance maturity guideline

For asset owners, original equipment manufacturers, and service providers in the process industry
Version 1.0 (30-12-2021)

Required steps to reach Predictive maintenance maturity level 2

nta
TILBURG o‘ﬁj‘{o UNIVERSITY
IYI

Level 2
Reactive Condition-Based
Maintenance

€8M s used ad hoc to anticipate failures

Technology

CM Technologies No CM techniques are used

CBM is not applied to any of the assets

No analyzes are performed, so no data is used

install plug-and-play
sensors / stand-alone system
or use a portable CM
technique

Purchase or develop the
condition monitoring
technique

Easy-to-use CM techniques are only used for
further investigation

Investigate which assets
benefit from CBM

Only assets that are observed for other
regsons have a chance of being requested
for further investigation and CBM

Collect internal systam data
(without any sensors)

There is no monitoring, 5o no IT infrastructure

IT-infrastructure is required

fREsinn The organization has (consciously o not) no

Strategy & Goals strateqy, objectives and KPIs

There is no information about the condition of

Decisions assets, so no decisions are made on this either

Spark curiosity/create
urgency to start with
predictive maintenance
(internal /external trigger

Master data and instrument data are used
to perform maintenance analyzes (current
measurement)

Monitoring is done with portable Cb
systems.

Start with a small scale

predictive maintenance pilot

There is no structure set up for CBM

Budget &
Capacity

No budget & capacity has been made
available for CBM

Make a maintenance

| decision based on the
condition assessment moment

Make budget available to
start a predictive
maintenance pilot

Processes &
Documentation

No CBM s performed, o no processes and
documentation need to be set up

The organization wants to improve
maintenance, but does not yet have a
concrete strategy, objectives and KPIs for
this

The findings from the further investigation
are only used for planning the maintenance

Further investigation is done by local
‘maintenance teams and external CM service
provic

No budget & capacity s reserved in advance
for CBM, but budget & capadity is made
avallable when needed

Governance o govemance is required for CBM

Appoint employees to starta
predictive maintenance pilot

Knowledge &

il Mo knowledge & skills are required for CBM
s

There is ne maintenance culture,

Culture maintenance is not seen as important

There is no defined process for further
Investigation and work from inspection. The
documentation Is limited to the
communication of the current analysis

Technical spedalists are involved in the
assessment of the further investigation

Hire or train employees to

establish asset knowledge

The maintenance teams have domain
knowledge and are abe to determine
whether something is ‘normal’

There is a fire fighter culture and an island
culture, organization consists of many
separate teams

WORLD CLASS
MAINTENANCE

Abbreviations:

AQ:
CBM:
CM:
OEE:

OEM:

Asset Owner

Condition-Based Maintenance
Condition Monitoring

Overall Equipment Effectiveness
Original Equipment Manufacturer
Return On Assets

Service Provider

Total Cost of Ownership
Remaining Useful Life

Steps relevant to AOs, OEMs, and SPs

Steps specific to AOs e

[
[
- Steps specific to OEMs & SPs

Requirement for following step(s)

Following step(s)

Optional step(s)

Indication of which steps result in a
cross-categorization improvement

Maintaining the Future @ Gasunie




Description

Level 1
No Condition-Based
Maintenance

Required steps to reach Predictive maintenance maturity level 2

Level 2
Reactive Condition-Based
Maintenance

CBM is used ad hoc to anficipate failures

Technology
CM Technologies

Assets

Organization
Strategy & Goals

Decisions

Stru

Budget &
Capacity

Processes &

Documentation

Governance

Knowledge &

Skills

Culture

CBM is not used
Install plu d-play
Purchase or develop the .
i sensors / sta 5y'S Easy-to-use CM techniques are only used for
Ne CM technigues are used onditi o ensors [ stand-alone system 5)- b q L ly
% Eolien n?omtonng or use a portable CM further investigotion
technique )
technique
Only assets that are observed for other
reasons have a chance of being requested
for further investigation and CBM

Investigate which assets

CBM is not applied to any of the assets

No analyzes are performed, so no data is used

benefit from CBM

Collect internal system data
(without any sensors)

Master data ond instrument data are used
to perform maintenance analyzes (current
measurement)

There is no monitoring, so no IT infrastructure
is required

Start with a small scale

Monitoring is done with portable Ch
systems

The organization wants to improve
maintenance, but does not yet have o
concrete strategy, objectives and KPIs for
this

The organization has {consciously or not) no
strategy, objectives and KPIs

Spark curiosity/create
urgency to start with
predictive maintenance
(internal fexternal trigger

predictive maintenance pilot

Make a maintenance

de n based on the
condition assessment

There is no infermation about the condition of
assets, so no decisions are made on this either

The findings from the further investigation
are only used for planning the maintenance
moment

Further investigation is done by local
maintenance teams and external CM service
providers

There is no structure set up for CBM

Make budget available to

start a predictive

No budget & capacity is reserved in advance
for CBM, but budget & capacity is made
available when needed

There is no defined process for further

No budget & capacity has been made
available for CBM _ _
maintenance pilot
MNo CBM is performed, 50 no processes and investigation and work from inspection. The
documentation need fo be sef up documentation is limited to the
communication of the current analysis
. . Appoint employees to start a Te i ialists are involved in the
No red for CBM s
goierapesielented oy predictive maintenance pilot assessment of the further investigation
H trai | St The maintenance teams have domain
No k ledge & skills are required for CBM ire or train employees to e e e e e e
establish asset knowledge L .
whether something is 'normal
There is a fire fighter culture ond an island
of many

There is no maintenance culture,
maintenance is not seen asimportant

nie

Maintaining the Future @ Gas

Abbreviations:



Description

Technology

CM Technologies

Assets

IT-infrastructure

Organization
Strategy & Goals

Decisions

Budget &
Capacity

Processes &
Documentation

Governance

Knowledge &
Skills

Culture

Level 2
Reactive Condition-Based
Maintenance

CBM is used od hoc to anticipate failures

Required steps to reach Predictive maintenance maturity level 3

Level 3
Planned Condition-Based
Maintenance

CBM is used structurally and systematically
to increase the efficiency of maintenance

Easy-to-use CM techniques are only used for
further investigation

Build up a portfolio of condition monitoring
techniques (develop or purchase, with pilots)
that allow you to detect abnormalities and
perform diagnoses

Easy-to-learn and easy-to-use CM techniques
are used structurally (proven technelogies)

Only assefs that are observed for other
reasons have a chance of being requested for
further investigation and CBM

Apply the technigue to more
assefs

CBM is structurally applied to the assets for
which maintenance can be performed more
efficiently

Master data and instrument dato are used to
perform maintenance analyzes (current
measurement)

Monitoring is done with portable CM systems

Establish cybersecurity to a
sufficient level

The organization wants to improve
maintenance, but does not yet have a
concrete strategy, objectives and KPIs for this

Evaluate periodically

is still optimal

whether monitoring concept E5 S

the dient

Integrate the CM technique
with the existing IT-
infrastructure

Develop or purchase a

software (cloud-based)
platform to process, store,
and analyze the data

Resolve conflicting
objectives/goals

Make a maintenance
management framework
with the mostimportant

KPI's

Financial maintenance data and inspection
and instrument data from the past are also
used to perform the maintenance analyses

The IT infrastructure also makes it possible
to store the CM dota ond compare the
current measurement with historical data

The organization has the strategy to perform
maintenance more effidently. Maintenance
cost is the most important KPl

The findings from the further investigotion
are only used for planning the maointenance
moment

The periodic information about the condition
of assets is used for {more} mainfenance
decisions

Further investigation is done by local
maintenance teams and external CM service
providers

Involve maintenance

engineers, mechanics,

system architects, T-
specialists, and managers

No budget & capacity is reserved in advance
for CBM, but budget & capacity is made
available when needed

Set innovation and

Set an annual budget for

implementation budget

managing CM technologies

There is no defined process for further
investigation and work from inspection. The
documentation is limited to the
communication of the current analysis

condition and providing a

Set up the processes for structurally
measuring and analyzing the

maintenance recommendation

Establish central CM team(s)

Structural monitoring is done by local,
central, and external specialist CM teams/
service providers that work closely with
maintenance engineers

Design the maintenance

Update maintenance plans :
P pians recommendation report

Annual budgets & capacities have been
made available for executing CM, executing
CBM and manaoging CM technologies

CBM processes are integrated into standard
maintenance work. Important
documentation includes (standard)
inspection lists and CM reports

Technical specialists are involved in the
assessment of the further investigation

The maintenance teams have domain
knowledge and are able to determine
whether something is ‘normal'

Agree on roles and

responsibilities (RASCI) with
the people involved

Organize predictive
maintenance training

sessions for the maintenance
teams

The CM moments are recorded in o
maintenance management system and the
inspection reports are approved by certified
inspectors

Actively seek for new
employees and exernal
partners to scale-up

There is a fire fighter culture and an island
culture, organization consists of many

Maintserantieteamsy ture @ Gas

Develop knowledge of the Join a predictive
degradation patterns of maintenance community to
assets share knowledge together

The maintenance teams are familiar with the
basic principles of CBM, the CM teams
master easy-to-learn and easy-to-use CM
techniques

Share predictive
maintenan

Thereisa

maintenan

b

Abbreviations:




Level 3
Planned Condition-Based
Maintenance

CBM is used structurally and systemafically to

Description increase the efficiency of maintenance

Required steps to reach Predictive maintenance maturity level 4

Level 4
Proactive Condition-Based
Maintenance

CBM is proactively used to increase the reliability
and productivity of assets (reliability perspective}

Technology Easy-to-learn and easy-to-use CM techniques

M TGChnOIOgles are used structurally (proven technologies)

Experiment with more
advanced data-driven CM
techniques, a.0. to better

predict the RUL

CBM is structurally applied to the assets for
Assets which maintenance can be performed more
efficiently

Fi ial mait data and insp
and instrument data from the past are also
used to perform the maintenance analyses

The IT infrastructure also makes it possible to
store the CM data and compare the current
measurement with historical data

IT-infrastru

Organization The organization has the strategy to perform
S| AELE| S8l maintenance more efficiently. Maintenance

cost is the most important KPI

Spark curiosity/create
urgency to improve the
reliability and productivity of
the asset(s)

z 55 to the data
d for the data-driven
i hniques

Enable the M-infrastructure
to link the different data for
developing and using data
driven CM techniques

Investigate which
(combination of) sensors)
work the best on which
asset(s)

Perform data-driven RCAs to
identify reliability and
productivity improvements

Collaborate with sensor
manufacturers to build the
CM technologies into new

assets

Structural research is carried out to determine the
optimal (combination) of CM techniques per
asset. This involves experimenting with difficult-
to-develop and difficult-to-learn CM technigues

CBM is also structurally applied to assets for
which reliability and/or productivity can be
increased

Develop a platform to
connect all CM techniques to
a central system

Process dota, product data, environmental data
and failure data are also used to perform
reliability and risk manogement analyzes and to
develop CM technigues.

Lifecyde management of
existing applications

The IT infrastructure also makes it possible to link
process dota, product data, environmental data
and failure dota, both for the development of new
CM applications and for their structural use.

The organization has the strategy to incregse the
reliability and productivity of the assets and has
started a CM program. The OEE, MTBF and
maintenance cost are the most important KPls

The periodic information about the condition
of assets is used for {more) maintenance
decisions

Structural monitering is done by local,
central, and external specialist CM teams/
service providers that work closely with
mainfenance engineers

Strug

Annual budgets & capacities have been made
available for executing CM, executing CBM
and managing CM technologies

Budget &
Capacity

Expand /realign the budget
for development or purchase
of new CM technologies

Create a project office and
the CM program

ate Interdisciplinary
teams to perform the
projects

Define threshold levels that
automatically trigger
inspection activities

e triangle oi
production, engineering, and
maintenance to make
production and maintenance
decisions together

The high-frequency and detailed information
about the condition of assets is also used for
reliability and risk management decisions

There is a centrally organized CM program that
works closely with the intemal CM teams and
external specialist CM service providers. The CM
teams work with reliability and process engineers

CBM processes are integrated into standard
maintenance work. Important documentation
includes {standard) inspection lists and CM
reports

Processes &
Documentation

te a listof all critical
sets and a list of potential
candidates for CM

Capture the optir

combination of
techniques on assets in CM
concepts and data concepts

A CM program budget & capacity is set for the
development/purchase of new CM technologies.
Expanded annual budgets & capabilities to run
CBM and manage CM technologies

Defined processes for developing and imple-
menting new CM applications. Documentation:
list of critical assets, FMEA and CM concepts from
the pilots

The CM moments are recorded in @
maintenance management system and the
inspection reports are approved by certified

inspectors

Governance

The maintenance teams are familiar with the
o basic principles of CBM, the CM teams master
Skills easy-to-learn and easy-to-use CM techniques

Knowledge &

There is a bureaucratic culture, within the
Culture (maintenance] organization there is o strong
need to work according to a process and plan

Maintainina tho o

Engage in a reliability
improvement journey

Employ or train data
scientists, data architects,
data engineers, and
operation experts in IT

Make agreements with
internal/external parties
about the ownership,/use of
data

Share success stories

Make agreements with
internal/external parties
about the technological /
organizational standards

Organize full training
program for maintenance
employees to create experts
that have a consulting role

Abbreviations:
AD:-

Accat Owneaer

Design includes reliability and maintenance in
projects. Clear agreements with internal/external
parties about the ownership/use of data and

: 1
g g tional

Maintenance teams are familiar with the asset
failure mechanisms and can perform FIMEAs/
RCAs. CM teams master difficult-to-learn CM

technigues and can develop new CM applications

There’s a reliability culture, increasing reliability is
embraced by different teams. Also o pioneering




Technology

Organization

Description

CM Technologies

Assets

IT-infrastructure

Strategy & Goals

Decisions

Strug

Budget &
Capacity

Processes &
Documentation

Governance

Knowledge &
Skills

Culture

Level 4
Proactive Condition-Based
Maintenance

CBM is proactively used to increase the reliability
and productivity of assets (reliability perspective)

Required steps to reach Predictive maintenance maturity level 5

Level 5
World Class
Condition-Based Maintenance

CBM is optimally used to increase the value
achieved from assets (asset monagement

perspective}

Structural research is carried eut to determine the
optimal (combination) of CM techniques per
asset. This involves experimenting with difficult-
to-develop and difficult-to-learn CM technigues

Build the optimal
combination of sensors into
the existing machine

Develop or purchase
machine learning algorithms

Create an autonomous
system where no humans
walk around the factory

Al successful CM technigues have been scaled up
and are used structurally. We are continuously
experimenting with new CM techniques

CBM is also structurally applied to assets for
which reliability and/or productivity can be
increased

Process data, product data, environmental data
and failure data are also used to perform
reliability and risk management analyzes and fo
develop CM technigues.

The IT infrastructure also makes it possible to link
process data, product data, environmental data
and failure data, both for the development of new
CM applications and for their structural use.

Integrate all CM technologies
in a sustainable manner to
more assets

Establish maxim
the data of the clients

CBM is also structurally applied to the assets for
which the ROA can be increased and/or TCO con
be decreased

Isolate data and connect
failure modus to be 99%
predictive maintenance

Inventory and forecasts data from production
planning, environmental conditions and market
conditions are used to perform the production,

purchasing, project and design analyzes

Enable the M-infrastructure
to link data across different

systems

The IT infrastructure is standardized, so that it is
easy to connect new CM applications to it. The
CM systems are linked to production planning,

purchasing and p control syst:

The organization has the strategy to increase the
reliability and productivity of the assets and has
started o CM program. The OEE, MTEF and
maintenance cost are the most important KPIs

Make a asset management
framework with the most
important KPI's

The organization has the strategy to optimize the
value from the assets and is committed to o CM
portfolio. ROA, TCO and LCC are the most
important KPIs

The high-frequency and detailed information
about the condition of assets is alse used for
religbility and risk management decisions

There is a centrally organized CM program that
works closely with the intemal CM teams and
external specialist CM service providers. The CM
teams work with reliability and process engineers

A CM program budget & capacity is set for the
development/purchase of new CM technelogies.
Expanded annual budgets & cap abilities to run
CBM and manage CM technologies

Expand the annual budget

and capacity to execute and
manage CBM

Make decisions based on the
machine learning data and

the expertise of the CM
team(s)

Detailed information about the {future) asset
condition is used in a range of asset management
decisi ,,J,a ISt ) Jr:sp'mjecml

production, procurement and design of assets

CM portfolio is centrally managed. C\M teams are
integrated in a network of knowledge institutes,
manufacturers, specialist CM service providers
and data sdentists.

The annual budgets & capabilities for executing
CBM and managing CM technologies have been
expanded

Defined processes for developing and imple-
menting new CM applications. Documentation:
list of critical assets, FMEA and CM concepts from
the pilots

Defined processes for continuously improving the
CM portfolio and using information about the
condition of assets in decision-making processes

Design includes reliability and maintenance in
projects. Clear agreements with internal/external
parties about the ownership/use of data and

;. 1
gical/org tional

Design for monitoring is @ mandatory part of
projects, the organizotion is asset management
certified and technological and erganizational
standards are used as much as possible

Maintenance teams are fomiliar with the asset
failure mechanisms and can perform FMEAs/
RCAs. CM teams master difficult-to-learn CM
technigues and can develop new CM applications

Find optimum between

machine learning and
employee expertise

Teams involved are familiar with the drag-
degradation mechanisms of the assets, the
effects of degradation on production and the
latest innovations in CM technology

There’s a reliability culture, increasing reliability is
embraced by different teams. Also a pioneering
culture, the people involved in the CM program

like experimenting with new ez;!mos

A
Vo a S ot g aSut

=

Abbreviations:
AO: Asset Owner

Legend:

An asset management culture, everyone feels a
shared ownership of the assets. An analytical
culture, in which le want to make decisions




Roadmap predictive maintenance
WCM SAMEN: Overview of key steps

Technology

Organization

People

DSD&CO

Step 1

Experiment

Easy-to-adopt CM technologies
Small number of assets
Easily dismountable

Step 2
Institutionalize usage
Integrate hardware and software

Improve CM technology
Secure data transfer

Step 3 Step 4
Grow & expand Overcome growing pains

More online and advanced CM
technologies

More applications per CM
technology

More clients (OEMs/SPs)

Efficient data storage
Plug-and-play IT

Low budget
Do-it-yourself/external CM provider

Design processes & roles
Dedicate resources

Design contract

Adjust maintenance concept
Etc.

Increase resources
Experimentation program
Implementation program

Involve more departments
Network of believers/ambassadors

Portfolio management
Adjust contracts/Partnering
Ecosystem

Curious

Employ/train/contract CM
specialists

New skills and knowledge regarding
degradation, data science, IT, etc.

Reach outside maintenance team,
connect to the designers

Learn how to work together with Al

Culture shift towards integral data-
driven decision making

Connect to larger innovation
network

Maintaining the Future @ Gasunie
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Interactieve sessie

De weg er naartoe

Je kunt beter nét boven een maturiteitsniveau zitten dan nét eronder

Arm omhoog
Klopt, dit geeft je wat marge!

Armen omlaag
Tja, dat is athankelijk van de situatie, maar beiden zijn niet optimaal



INnteractieve sessie

De weg er naartoe

In maturiteitsdenken gaat het om alignment.

Als de technologie en mensen bijvoorbeeld op niveau 3 zijn
ingericht, maar de organisatie nog niet, maak je wél (een groot
deel van) de kosten, maar haal je niet de volledige waarde eruit
die je op niveau 3 kunt behalen.

Hetzelfde geldt als je vooruit gaat lopen: Als je alvast investeert
in mensen (specialisten) om richting niveau 4 te gaan, maar de
technologie en organisatie onveranderd laat, kost dit extra geld,
zonder dat je er veel waarde uithaalt.

Natuurlijk is het geen statisch geheel, om de transitie te
realiseren zul je geleidelijk moeten investeren in technologie,
organisatie en mensen. En het zal niet in één keer goed gaan.
Het is innovatie. Het is onzeker. Dus ga op zoek naar de
mensen die hier écht mee aan de slag willen.

l . SD&CO Maintaining the Future @ Gasunie
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Simulatiemodel

Geeft inzicht in de samenhang tussen elektriciteitsopwekking, waterstofproductie, waterstofvraag en het beheer van het netwerk
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Onderhoud andere organisaties?

(- s

Toewijzing onderhoudscapaciteit
The squseiy wnes! gets e gresse
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Waarom simuleren?

g - »—interconnector

Om alvast een gevoel te krijgen voor LE: 1’ /f /f‘ R

> Hoe ontwerpkeuzes van invloed gaan zijn op de | e -]
onderhoudsbehoefte = ™

> Welke variabelen rondom onderhoud echt van belang zijn
(en dus verstandig zijn om mee te nemen in de
ontwerpkeuzes)

Voor het onderhoud is het bijvoorbeeld nog onzeker

> Effect waterstof op MTBF, MTTR, HoTT en monteurs/activiteit?
> Effect offshore op MTBF, MTTR, HOTT en monteurs/activiteit?
> Effect start/stop productie op MTBF?

> In welke mate capaciteit uitgewisseld kan worden?

> |s er voldoende onderhoudspersoneel te vinden?




Dynamiek in waterstofnetwerk

Legenda
Groen: berekend door model
Oranje: zelf in te vullen

Het model rekent in tijdsstappen van een maand zodat we goed kunnen zien wat de uitbreiding van de capaciteit doet

Elektriciteit Opwekking Windsnelheid: gemiddeld hoger in
de middag
Curtailment (obv elektriciteitsprijs)

Beschikbaarheid windturbines

Dynamiek vindt

plaats binnen ...

Windsnelheid: gemiddeld
hoger in september t/m maart

Gemiddelde curtailment
Gemiddelde beschikbaarheid

Decennia

Uitbreiding capaciteit
windturbines (off-/onshore)

Uitbreiding zonnepanelen,
kernenergie, import, etc.

Minder gebruik ‘s nachts
Balans: opslag in batterijen, etc.

Minder gebruik in weekend

Minder gebruik in zomer

Toename gebruik (uitbreiding
elektriciteitsnet, minder congestie)

Waterstof

Opwekking

Beschikbaarheid elektrolyzers en compressoren
Waterstofvraag en verdeling over productiemethoden (offshore, onshore, grijs, import)

Waterstofprijs

Uitbreiding elektrolyzers en
compressoren

Uitbreiding transportassets

Opslag

Korte-termijn aansturing opslag

Aansturing opslag: wanneer
vullen/terugleveren

Uitbreiding zoutcavernes

Baseload vs minder gebruik 's
avonds en ‘s nachts?

Baseload vs minder gebruik tijdens
weekend?

Baseload vs minder gebruik tijdens
vakantieperiodes?

Uitbreiding installaties
industrie, etc.

Onderhoud

Huidige gebruik assets (start-/stopmomenten), mate waarin preventief

onderhoud uitgevoerd wordt, etc. b

epalen degradatie en kans op falen

Minder capaciteit ‘s avonds en s
nachts

Minder capaciteit tijdens weekend

Minder capaciteit in vakantie
Uitwisseling capaciteit

Uitbreiding onderhoudsteam

Productiviteit

Korte-termijn planning (incl. prioritering)
Beschikbaarheid reserveonderdelen en tooling

Prioritering en backlog
activiteiten bij ondercapaciteit

Leercurve
Inrichting onderhoudsorganisatie

Maintaining the Future @ Gasunie
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Interactieve sessie

Een nieuwe weg: waterstof

Stel dat de betrouwbaarheid van offshore elektrolyzers en compressoren slechter blijkt
te zijn dan men in eerste instantie verwacht (MTBF / 2), met hoeveel procent verslechtert
de business case van waterstofproductie in NL dan volgens de simulatie?

Arm omhoog
Van een ingeschatte +15% naar +13,5%

Armen omlaag
Van +15% naar +5%



Interactieve sessie

Een nieuwe weg: waterstof

Inschattingsvraag

In de simulatie zien we dat als er structureel te weinig onderhoudspersoneel

beschikbaar is, het rendement van waterstofproductie in NL van een ingeschatte +15%
(vrij ineens) naar -50% kan gaan. Bij welk percentage gebeurt dit in de simulatie?

Percentage = beschikbaar personeel / benodigd personeel * 100%
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Maintenance workforce

- + Prioritization of corrective
Gap in maintenance workforce over preventive maintenance
for all maintenance activities activities

+

Maintenance plan: Preventive
maintenance activities =
+ desired

. . + Preventive maintenance
Desired maintenance workforce activities performed

-+

R: Insufficient capacity
for preventive maintenance +
leads to more degradation
and failures over time
Corrective maintenance
activities desired
+

Reliability of elektrolyzers
and compressors

Asset failures \\ -

Effects of hydrogen,
offshore and intermittent
production on reliability



Capacity for corrective
maintenance activities

+
- Maintenance workforce
) ) - + Prioritization of corrective
Gap in maintenance workforce Gap in maintenance workforce over preventive maintenance
for corrective maintenance for all maintenance activities activities
activities
N +
Maintenance plan: Preventive
maintenance activities -
+ + desired
. . + Preventive maintenance
. Desired maintenance workforce activities performed
Backlog of corrective
maintenance activities +
R: Insufficient capacity
for preventive maintenance +
+ leads to more degradation

and failures over time
Corrective maintenance

activities desired Reliability of elektrolyzers

and COMPressors

Asset downtime
+

Asset failures -

Effects of hydrogen,
offshore and intermittent
production on reliability
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,We are system dynamics specialists and domain
experts. Together we work on issues we care about,
as partners in decision-making.”



actories operate successfully
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Planetary boundaries

Anno 2025: 7 out of 9 boundaries crossed

The planetary boundaries framework displays the state of nine
processes that together maintain a stable and resilient Earth system,
each of which are affected by human activities. The planetary
boundaries were first proposed in 2009 by a group of 28
internationally renowned scientists led by the Stockholm Resilience
Centre. Afterwards, researchers have quantified the current state
and safe operating space (i.e., the amount of human pressure the
process can endure while remaining stable) for each process.

Planetary boundaries are interdependent. The long-term large-
scale stability of the past, which allowed human societies to develop
and thrive, comes from the complex interactions of biophysical
processes within the Earth system. This means we cannot consider
planetary boundaries in isolation in any decision-making on
sustainability. Action that affects one process in the planetary
boundaries framework will affect the risks of the other processes.
Only by respecting all nine boundaries can we maintain the safe
operating space for humanity.

The framework presents how far we're away from the safe
operating space (distance), as well as the amount of risk we're
facing (color: red indicates higher risk, yellow/orange lower risk).

https://www.stockholmresilience.org/research/planetary-boundaries.html

DSD&CO
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https://www.stockholmresilience.org/research/planetary-boundaries.html
https://www.stockholmresilience.org/research/planetary-boundaries.html
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