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Predictive Maintenance (PdM) is not new...

Visual Instrument Real time
inspection inspection condition monitoring
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The digital revolution creates new opportunities

Analytics
Wireless Industry 4.0

Condition monitoring Infrastructure Blg Data
Maintenance Data driven decisions making

Predictive maintenance™ """

Intelligent machines  Availability FPrognostics

- Data
SenSOfS Fallyre Technology driven C I 0 u d

Encrypted computer processes Predict
Equipment  GComputerization failures Data collection
Analysis Transmitters COStS autonomously
loT infrastructure

e
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The PdM Maturity Matrix

Big Data & Statistics

1.
Visual
inspections

3.
Real time
condition
2. monitoring

Instrument
inspections

Unpredictable
Failures

, Reliability

»
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Definition of PdM 4.0
PdM 4.0

* Predicting future failures of an installation and
prescribing the most effective preventive measure
(when and what) by applying advanced big data
analytics techniques with data about :

« Technical condition of the installation

» How to use the installation

» The environment of the installation
« The maintenance history
 Standard maintenance tasks

« Comparable installations inside and outside the
company
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PdM Market Survey

» Goal: Measure the PdM maturity and —strategy

Involved countries:
Belgium, The Netherlands & Germany

» Feedback 2017: 282 companies
» Feedback 2018: 268 companies
« Organizers: Mainnovation & PwC

Survey executed by: Kantar TNS
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2018: Feedback from 268 companies

Distribution of the involved sectors & industries (all companies > 100 FTE)

3% Power plant
9% Rolling asset

2% Civil engineering construction

4% Single equipment

Primary
asset
under

maintenance

7% ()['hc,‘ .................

75 % Production plant ............................. ¥

24 Other E 23
24 : :

Transportation :

31 Manufacturing:

Ul/h’l‘ --------
25 ;\/Im.rz(;‘l(clm'm‘q;
food e

20 Manufacturing:
"\ rubber & plastics

Industrial
sectors with
10 or more
respondents

24 Manufacturing:

@ metal products
11

Country Respondents
The Netherlands 102
Germany 95
Belgium 71

The survey was conducted during June and July 2018.

Construction @

:10 Civil engineering

7 Manufacturing:

chemicals

27 Manufacturing: .
electronics
‘13

Manufacturing:
metals

Manufacturing:

paper 0

23 Manufacturing:
transportation

€uro Copyright © 2018 — Do not use without permission or proper licence from the author and rights holder

MAINTENANCE

pwc



The PdM Maturity Matrix

4 Steps

Big Data & Statistics

3.

Real time
condition
monitoring

2.
Instrument
inspections

1.
Visual
inspections

o

»

Reliability
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Current Maturity in PdM

Different levels

45
40
35
30
25
20
15
10

Current Predictive Maintenance maturity level?
m 2017

27
25
22
20
W 2018
11 11

No PdM Level 1 Level 2 Level 3 Level 4
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%
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Plans for P[dM 4.0

Is PdM 4.0 on the agenda?

Future plans for PdM 4.0
60
50
40
X 30
25 24
[ |
0 2017
20 17 m 2018
10 7
6 4 6
; Bl m
Yes, we are doing a Yes, we start next year Yes, we start within 3  Yes, but we have no No
pilot / are years start date yet
implementing
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No Future plans for PdM 4.0

Why companies do not want to implement PdM 4.0?

Future plans forPdM 4.0

51

(i

m 2017
W 2018

No

23% No data / not enough
data available

Main reason

to not implement
or plan for PdM 4.0

8% Lack of data
analytics capabillity

29 Other

4% No commitment from higher sswssssssmmsoes
management

63 % No good business case /

not relevant
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Yes, future plans for P[dM 4.0

Future plans forPdM 4.0

51

m 2017
W 2018

Companies’ goals for adopting PdM 4.0?

1 1% Cost redUuction .weesessssesss

8% Reduction of safety, health,
environment & quality risks

7% Lifetime extension
of aging asset

Primary goal
for adoption
of PAM 4.0

1% New revenue Streaim =sssess

7% Higher
customer satisfaction

-----------------

1% Better product design

1% Energy savings "
1% Dealing with employee turnover s arrarnares f 51 %
No from an aging workforce 79 Other wccoeessercres Uptime
improvement
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Critical success factors

Critical success factors for a successful PdAM 4.0 implementation

100
90
80
70

60

m 2017
m 2018

50

%

40

30
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Budget Culture Technology Availability of Data  Data Security Other

20

10
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PdM Maturity Stages

Capability 1. Visual Inspections 2. Instrument Inspections 3. Real Time 4. PdM4.0

Conditions Monitoring

Processes - periodic inspection - periodic inspection (physical) - continouos inspection (remote) - continuous inspection
(physical) - instruments - sensors (remote)
- checklist - digital recording - digital recording - sensors and other data
@ - paper recording - digital recording
Content - paper based condition - digital condition data - digital condition data - digital condition data
= data - single inspection points - multiple inspection points - multiple inspection points
- multiple inspection - digital environment data
points - digital maintenance history
Performance - Visual norm verification - automatic norm verification - automatic norm verification - automatic norm verification
Measurement - paper based trend - digital trend analyses - digital trend analyses - digital trend analyses
analyses - prediction by expert opinion - monitoring by CM software - prediction by statistical
- prediction by expert software
............................ R R R e EEEd e s SUPPOT...
IT - MS Excel/MS Access - embedded instrument - condition monitoring software - condition monitoring software
software - condition database - big data platform
- wifi network
- statistical software
Organisation - experienced craftsmen - trained inspectors - reliability engineers - reliability engineers
- data scientists
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Current use of data for PdAM

What types of data are used for Predictive Maintenance?

100
90

87 33 84
70
60 51
50 42 44
' 29
3 21 m 2017
2
m 2018
: [ .

Condition of the Usage of the = Maintenance Condition data Condition data Environmental other
asset asset history and maint. and maint. data
History of other History of other
assets in the assets from
company  other company

%
o o o O
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Actual IT solutions for PdM

Which hard & software solutions are used for Predictive Maintenance?

100
90
&80
67
70 64
62 59
60
® 50 2 46
40 m 2017
40 36 34 34 38
18 18 20
20 14 14 5 14
o m
0
MS Excel & Statistical Condition Data Cloud Other WiFi Mobile Internet of
Access software monitoring warehouse networks  Things
software
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Actual roles involved with PdM

What functions are involved with Predictive Data?

100
90 84
20 79
70
60
50
40
30
20
10

%

m 2017/

56
39
m 2018
25 26
18 19 20
- i

Technician Maintenance Reliability Data Scientist  Quality Inspector IT specialist Other
inspector Engineer
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The added value of PdM 4.0

Results of PdAM 4.07?

Contribution

Results from PAM 4.0 (percentage of respondents that report results for each value driver)

value driver improvement
environment & quality risks duct
of aging asset Reduction of safety, health,
Now tevanuestream environment & quality risks 14%
. Lifetime extension of aging asset 20%
satisfaction |
W Positive results o
Dealing with employee turnover 79
from an aging workforce &
B No results (yet)
Energy savings
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100
. Resulits No results
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PdM 4.0 Champions

Value 142 PdM 4.0 Companies

Value Utﬁiszsa‘ition Value
>+25% >-25%
Capital
ocation
W >-25%
Value m PdM 4.0 Champion  m Others using PdM 4.0
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PdM 4.0 champions versus others using PdM 4.0 (1/2)

Use of Data types - Data sources

percentage that use specific capabilities
0% 20% 40% 60% 80% 100%

Data types

Condition data and maintenance
history of other assets within the
company

Condition data and maintenance

history of assets from other
companies

Environmental data

Data sources

Instrument inspections

Sensors

Interface with maintenance
information system

m PdM 4.0 Champion  ® Others using PdM 4.0

. N

. EUro j

&AIN%E\NANCE Copyright © 2018 — Do not use without permission or proper licence from the author and rights holder ma | n HGUG t'@ﬁ pwc



PdM 4.0 champions versus others using PdM 4.0 (2/2)

Hardware & software

Condition monitoring software
Mobile networks
Internet of Things

Cloud

Functions

Reliability engineers
Data scientists

Quality inspectors

IT specialists

0% 20% 40% 60% 80% 100%
m PdM 4.0 Champion  ® Others using PdM 4.0
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Implementation approach for PdM4.0

Big Data

. Maintenance . . Standard
Maintenance . Environmental Condition .
KPls & Failure Process Data Maintenance

Histo Data Data Tasks

2 3 4 5 - 7.

Asset Reliability PdM Real Time PrFeaclllig’:iZn Preventive
1. Selection For Modelling Algorithm Performance Task
Asset Value
Ranking &
Feasibility
Study

PdM (FMEA/RCA) Design Monitoring b2l Prescription

Warning)

Algorithm Optimization

Lessons Learned Through Machine Learning

loT Infrastructure Management

Organizational Alignment
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Call To Action

Blueprint for PdM 4.0 success

(]
Plot your
PdM 4.0
strategy
@

D0

[
@
Create Define the Become a
inital pilot capabilities you virtuoso in data
prOJects need analytics

® ©® ©

[&]

o ®
Transform e
into a digital Actively plan
maintenance an ecosystem
approach

orgamsatlon

® ©
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Conclusions

» Predictive Maintenance is not a hype: More and more
companies show interest in PdM 4.0

' Predictive Maintenance 4.0
Beyond the hype:

* These companies use new data sources, new hard & software
solutions. New roles in maintenance & asset management are
created

PdM 4.0 delivers results

* 95% of the companies with experience in PdM 4.0 have
tangible positive results. On average:

* + 9% Uptime

* - 12% OPEX Costs

« -14% SHEQ Risks

« +20% Lifetime extension of aging assets

» The PdM 4.0 Champions can be used as role model to tune your mainnovation
future plans
« PwC and Mainnovation can help you in this journey * Mainnovation: booth C1-3
 PwC: booth A1-1
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