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William Herbert Heinrich Safety pyramid rule of thumb

The safety pyramid

—
illustrates how an at
— risk behavior can
easily escalate to =
become a lost time Q
injury or even a >
fatality >_.8 g
5 - 28
o ‘ ~ o©
100- Recordable injury
9! \ - &

1000 - Near miss incidents 3
c
5
=5
At risk behaviors — 10,000 unsafe acts < 9
L) D qv a g
A EE

!The only place we have control over the outcome is at the bottom of
the pyramid, when we choose to do, or allow, an at-risk behavior,
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Agenda

1. Introduction to JCAMS

Defining Reliability & Availability

Reducing Total Cost of Ownership while Improving Availability & Reliability
How CBM can Reduce Costs and Improve Availability & Reliability

How a robust Inventory System can Reduce Costs and Improve Availability

Case Studies
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Introductions

Gareth Boyd:
o Regional Business Development Manager — EMEA

o 14 years experience in global petrochemical sector

o MEA experience - 5 years MEA experience — previously based in Abu Dhabi, UAE,

worked on projects in RSA, Botswana, Algeria.

Mike Judd:
o  Technical Authority

o Background — Asset Management, Reliability, Maintenance, Condition Monitoring,

Software, and Electrical / Electronics Engineering

o >35 years experience in oil and gas, refining, power generation, defence,

transportation across the complete asset lifecycle

o  MEA experience — Petrofac Sharjah, UAE, Qatar, Kuwait, Iraq, North & West Africa.
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Introduction to John Crane Asset
Management Solutions (JCAMS)

Gareth Boyd
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c.23,000 00+ c.170  £2,498m

PEOPLE COUNTRIES YEARS REVENUE

R— t94om ¢.6,100 .
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What JCAMS does Our Markets

We are the Asset Management Solutions business of John Crane,
providing reliability, maintenance, inventory and asset health ol Gas petrochemical
management services across a client’s entire plant @

®
®[E

Power & Water Pharmaceutical

We support our customers improve equipment reliability and availability by implementation
of our data driven programs, through a combination of our consultancy, services and
technology solutions.

Asset Management Reliability ,
Integrity Asset Health Management Pipelines FPSO
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Full Plant Reliability Support

Process Focus

Equipment Focus

CONFIDENTIAL

Hierarchy Definition
p—
Enterprise E E Corporate level
Plant Individual facility
End to end process
Unit for a product
—

Collection of
equipment serving the
process

Key piece of equipment

(e.g., pumps,
Compressors)

<3 Key element of
Component equipment
4 Includes spares/
— W
- consumables

Feasibility & )
Conceptual Design & Installation and Operations and Late Life and
Studies FEED Engineering Commissioning Maintenance Decommissioning
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Defining Reliability & Availability

Mike Judd
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Out of control

Poor
condition

Highest cost

Lowest
Availability
Most
incidents

Major effort
needed

Regressive

Fix on fail
Many defects
Firefighting
High
downtime
High cost

Many
incidents

Reactive

Fix before fal
Mainly PM
High cost

Higher
availability

Fewer
incidents

Less waste
Cost Focus
Unstable

Credit: Winston P. Ledet (Dupont, Manufacturing Game), Terrence O’Hanlon (ReliabilityWeb)

’ 20% - 45% reduction in lifecycle costs

Planned

Lower cost
High
availability
Few Incidents
Little waste
Value Focus
Stable

’ 5% improvement (e.g. 82% - 87%) in asset availability

’ 20% - 60% reduction in MRO inventory

' Improved Safety & Environmental performance

Precision

Design out
IEEES

Reliability
culture

Technology
enabled

Lowest cost

Highest
availability

Fewest
incidents

Least waste
Best in Class
Most stable

L)

World Class

Revenue
(Production)

‘ Cost
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Reliability Defined

The probability that an item will continue to perform its intended function without failure for a
specified period of time under stated conditions

Availability Production
(item) Availability
:
o Faire o roducton SnpaEEien

Organisation
;
_
- Accessibility
Etc

Operating conditions Modularisation

Storage

Configuration
Utilities

Linepack

Substitution

Etc. Etc.

Etc.

ISO 20815 — Production Assurance and Reliability Management
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Reliability Centred Maintenance

What are the
functions and
associated
performance
standards of
the asset in
its present
operating
context?

What should
be done if a
suitable
proactive task
cannot be
found?

What
happens
when each
failure
occurs?

What can be
done to
predict or
prevent each
failure?

In what ways What causes
does it fail to each
fulfill its functional
functions? failure?

In what way
does each
failure
matter?

_ pattern A 490 Pattern D /0f
&\ / &
o Q
o i
| |

Technically feasible and economically viable response T i
f . ) ( . ) 1\ 20/ A 5
» Scheduled restoration  Redesign E Pattern B0 m Patten E 1149
» Scheduled discard * Run to failure 7 il
 On condition Tme? g

* Failure finding task

« Combination of tasks ‘ILCW) u[\ Pattern F 68%
Proactive Task Default Actions | . J

| Time” | Time *

P
CPI
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Reducing Total Cost of Ownership While
Improving Reliability & Availability

Gareth Boyd
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What Now?

Regressive

Survival Techniques

1.Decommission facility

2.Reduce facility throughput

3.Sell the facility to an organisation
with the resources to restore
sustainable performance

4.Increase resources deal with
failures

5.Improve planning, scheduling,
procurement, work management
processes

6.Lower standards of performance

expected

CONFIDENTIAL

Reactive

Pursue Planned Domain

1.Understand that that the status quo is no

longer acceptable.
2.Maintenance based upon RCM principles

3.Optimise work identification, planning,
scheduling and work execution

management.

4.Requires strong organisational structure

and succession planning
5.Liable to revert back to reactive domain

6.Pursue precision domain

Planned

Pursue Precision Domain

1.Strong leadership

2.Strong business case

3.Establish culture of defect
elimination

4.Empower workforce to make
decisions

5.Maintenance based upon RCM
principles

6.Typically requires 12 — 18 month

implementation programme
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Establishing Effective Maintenance

Corrective
Maintenance

Create optimised
PM programme

Identify and
classify assets

L

Assess asset
criticality

L.

Determine failure

Schedule characteristics

Select mitigating
measures

Execute

Create PM

—

programme
Report

All stages
optimised for
effective
performance

Align to outage
schedule

Analyse

Optimise
resource profile

Improve

CONFIDENTIAL

RCM principles
apply

Accelerate using
maintenance
templates

All stages optimised

for effective
performance
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Our Approach — 6 Step Improvement Methodology

Goal Setting Prioritisation & Short Term Medium Term Longer Term
HEI) Savings Improvement Improvement

* Fast Track Inventory

+ Longer term actions

* Develop a

Establish client goals and threats to those goals. Optimisation. to improve reliability culture,

* Removal / Deferral of reliability, defect identification

* Review and assess available information. non-value adding & non- maintenance, and elimination.

urgent activities. integrity and *  Optimisation of

* Recommend way ahead. * Identification & inventory processes, work
* Prioritise and plan in line with goals. actors. * Longer timescale planning,

« Extend maintenance and/or more scheduling, close

Establish combined team, including facility intervals. resource than short out, reporting and

personnel. * Shut down, isolate and term improvements. improvement.

| |
1 1
1 1
1 1
1 1
| |
1 1
1 1
1 1
1 1
| |
! - . 1
! rectification of bad !
| |
1 1
1 1
1 1
1 1
| |
| |
1 1
! preserve redundant !
| |
1 1

| |
1 1
1 1
1 1
1 1
1 1
| |
1 1
1 1
1 1
1 1
1 1
| |
1 1
| |
1 1
! performance. !
| |
1 1
1 1
1 1
1 1
1 1
| |
1 1
1 1
1 1
1 1
1 1
| |
equipment. | |
1 1

: |
H 1
H 1
H 1
H 1
H 1
: |
H 1
H 1
H 1
H 1
H 1
: |
H 1
: |
H 1
: identification, |
: |
H 1
H 1
H 1
H 1
H 1
: |
H 1
H 1
H 1
H 1
H 1
: |
H 1
H 1
H 1

This approach can be applied to focus on early cost savings for the following categories without unduly impacting longer term
objectives.
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How CBM can Reduce Costs and
Improve Availability & Reliability

Mike Judd
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What are CBM and CM?

 Strategy or mindset in which  Activities undertaken to
assets are maintained based on determine the condition of an
condition, rather than time or asset
operating hours

Condition Monitoring

Condition Based
(&%)

Maintenance (CBM)

. 1. Where technically feasible and economically viable, CBM strategy has the lowest lifecycle cost

. 2. Provides assurance that operations can be continued safely

. 3. Helps identify and eliminate the underlying causes of defects leading to functional failure

. 5. May allow reduction in inventory |

. 6. Detects the onset of failure early, reducing the costs of corrective action and reducing operational impacts |

. 7. May allow an asset owner to reduce insurance premiums |

- =
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4. Provides assurance that defect causes are not reoccurring |

Benefits




Optimum Monitoring Interval

Sample Interval (at least 2 samples per P-F interval)

Potential
'y | | | Failure
_| I H?jtection
I [ I [
l I 1 [
[ I K [
[ I [ [
I I I [
[ I ] I
I I I I
I 1 I |
| | [ | | [
Time
el TotalFaiure
<€ >
Early
detection aﬁtlgg\rlwvfo Early Increases Reduces
(l)rﬂﬁ:r(;)r\éeess - warning availability cost
Reduce o
interval to Eliminate I;/Icahxgm;sg
track fault surprises e
progression > flexibility celm
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Supercharge CBM — Prevention is Better Than Cure

Potential Failure
A Detection

——0—

Defect Elimination

Functional

« Standards Failure

* Precision Alignment

* Precision Balancing

» Precision Lubrication * Root Cause Analysis

Equipment Condition

* Commissioning

Total
Failure

» Condition Monitoring

hd Loss Costs

PM, Repair 2

Time

Focus Efforts Here: To Reduce Impact Here:
Proactive Defect Elimination Reactive Maintenance

Increase monitoring after startup to ensure correct operation and to reduce 'infant mortality’

- =
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What Makes CBM Successful?

> \ Technically Economically
y Feasible Viable
Se|eCt Technlcally Economically
/Methods / Feasible Viable
Setup for : Success

/ SUCCESS / Install Baseline Alarms Routes measures
Condltlon Detect .

Monitor : Diagnose Recommend Alert
/Monltorlng / Anomalies e
-. A\ Schedule Eliminate

: Execute Root Cause -
»» corrective : ; recurrin

i ACTION / action >> cidion >> Analysis >> causesg >

Review .

Identify TAKE
success )
measures >>|mprovement>> ACTION >
John.cFa.n.e \
:‘-,‘.
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How CM Improves Reliability, Availability & Cost

-

» Support Precision

Maintenance

oMonitor post

commissioning
oMonitor post intervention
* Eliminate repeat failures
oldentify common causes

oMonitor for recurrence

Increase

Reliability

(
* Identify faults early

* Repair only when needed
* Minimise repair scope
» Schedule action when

impact is low

Increase
Availability

-

» Support precision

maintenance
* Eliminate repeat failures
* Identify faults early
* Repair only when needed
» Minimise repair scope
« Schedule action when cost

is low

CONFIDENTIAL

*e ;'. -
john crane®s.,
[ ]

i




ot

s e e BEMECHESS
G

How a Robust Inventory System can
Reduce costs and improve availability

Mike Judd
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Importance of MRO inventory

v 1
Stay Safe + Maximise Revenue ] >L Minimise Cost + Minimise Risk

| S—

Business Success =

| B =

—

%
:‘EE-]

/—0—\

CONDITION SAFETY
MONITORING SUPPLY STOCK
BREAKDOWN MAINT. @ '@
(UNEXPECTED & URGENT) @
PREVENTATIVE/CORRECTIVE
H MAINT. (PLANNED & SCHEDULED) INSURANCE
DEMAND SPARES

MAINTENANCE
ENGINEERING

./

Holding too little inventory risks increased downtime and reduced revenue

Holding too much inventory leads to excessive costs

Having the wrong spares adds risk and cost

- =
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Information Required to Optimise Stock Levels

1. Material 3. Maintenance

» Stock/non-stock * Type « Criticality * Returns process * Materials ID

* Rules ' 1+ Material Master i i+ Failures ' 1+ Repair i 1+ Vendors

* Stock movement * Material use * Classification

________________________________________________________________________________________________________________________

8. Asset .
6. LORA 9. Inventory 10. Strategies

* Vendor managed + Status of Asset + Stock visibility / * Inventory

+ Consignment analysis strategies

» Forecasting

________________________________________________________________________________________________________________________

All elements of inventory management require accurate, up to date, consistent and controlled information

Establishing and controlling inventory processes and information is vital for managing inventory effectively

e ;'. -
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How Inventory Impacts Performance Over Time

A Inventory data is often a second thought at the project
stage and starts off life in poor condition

Change to the plant over time tends to further degrade

(<]
O
<
5.
L This gives poor visibility of the true inventory position,
leading to excess inventory and increased risk
—
> This risks lower availability AND higher costs

Time
= Plant Change — Inventory Visibility == Inventory Holdings

Unusable Spares Poor visibility typically leads to up to 60% excess
inventory

Excess Spares _ _ _
Much excess inventory is not available for use

Optimum

Obsolete Spares Spares
Holding Often critical spare parts are not held
Out of Policy Spares

Our process drives the plant back towards optimum
spares holding.

Unnecessary Costs

Revenue

Orphan Spares
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john crane®s.,
%

L]
.

[ ]
%
L ]

CONFIDENTIAL



Typical Inventory Improvement Project

Our phased approach takes account of the current business environment by focussing on early cost savings without unduly
impacting longer term objectives.

Maintenance — Deferral/removal of non-critical activities
Operations — Shutdown/isolation of redundant equipment

Materials — Justification to keep spares inventory

Cost reduction in 6 steps

Goal Setting m ;:'(%tl':r?mg Short Term Savings Medium Term Savings Longer Term Savings

Inventory Reduction Fast Track Detailed Review Culture and Process Change

Govern and control

Inventory holding Cost of @, Desktop review to select Detailed review of @ business processes

woicallv b I priority materials list < opportunities for across the organisation
can plca e ca ita i i CULTURE & PROCESS
y y p Nt cemeoreven  IMProvements to inventory re s PR and influence mindset

reduced by between [ . ;
5 y = aro%nd performance changes to inventory
20% and 60 (y 10% @/a\Y  Frequent stakeholder
0 A\l workshops to ensure
. Py
Storage Multiple wouxsior rapid delivery of
overheads stores can inventory reduction.

are between exponentially

10%:-20% increase spares ﬂl [  Werehouse

holding 95  walkdown with
WAREHOUSE experienced team to
identify anomalies

Y .'. -
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Spares Holding Optimisation Process

» Optimise spares forecasting & replenishing. * Analyse the inventory material list.
» Compare spares consumption vs asset register. « Cumulative value, looking at the highest value by
» Reliability problem areas and unnecessary spares volume.

holdings. Known problems & issues.

6. Optimise

* Remove any excess, obsolete &
duplicate stock from the
inventory.

» Items for Consignment Stock or
for Maintenance Provider.

-

\_ &

4. Review 3. Standardise

« Compare asset register, material,
maintenance & warehouse data.

» Understand what assets require
which spares & which are critical.

» Compare WQO’s & PO'’s to verify what
components / spares have actually been
consumed & at what frequency.

* Frequency of goods receipt — goods issued.

» Master data cleansed to a structured format.
» This reduces excess inventory by identifying
duplication and commonality across all data.
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Case Studies

Gareth Boyd
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Recent Projects

JCAMS have delivered a range of Reliability, Maintenance, CM and Inventory projects across the world

Chrysaor, E&P, CM
Basell Polyolefins, Motion Contract, 2019

Amp (project), 2020
LT
Canads oA / ¥ Exxon Mobil, Holland, MRP
o AT & CM Contract, 2017
5 & Uritosd P F
” . . rgoam

r A ¥ Bihnn:

' 3 Valero, Pembroke, MRP /. b £ (5 - e
; ’ ’ : L e -4 Jeane .
| P66, USA, CM .| &cMcContract, 2019 i A 7 Irag, gt'\r":t"es fr%";ﬁﬁﬁ”?ngéma'{gfzame
Contract, 2019 apiatdhr : o 9y P ’
T . N(Ees " span Urtwkistis o
N g P — MEA, SCE compliance, 59% growth [,
: BP Amenas, Algeria b 9 s
- ' P ' Towa . maint equip; 20% growth SCE, 2017
/. i Maintenance Build, 2018 [ wewr—@ iy auip: 27 9
; f <. Podisten Eoral Cvbi
. Nasos Ubys Eamt ]
— seaen ®—_ | UAE, SCE Implementation
LyondellBasell, CM, Tullow Oil, Ghana, | ™ il By into CMMS, 2020
Maint & Spares, Spares Review & Miirtasie) oy Higar: | S : <, .
oo Wi e o ! ) AMNT, Indonesia
Contract, 2019 Optimisation, 2016 |. e b Dor o Bl Qo | ’ :
' ey ) ' . Lk CM Contract, 2020
i KSA, Asset register Data i
Limetree Bay, US Virgin == : ) 5t tcui | Cleanse and validation, 2021 [# u&e...
Islands, MRP & CM : Tullow Oil, Ghana, Jubilee | Kawys | A S U T LR e R R
Contract, 2020 ¥l Srs & TEN FPSO, Maint : DACHRE AT W
& Review & Schedule, 2019 oems TR L T
Furu - | s
S el ¢ it Zamiic Mozomb que
Holtvw _, ¢
L Naritio Ziwbebwe =) s v [aral tom
arasiis o —
" .\ RSA, Sapref, Lubrication
Trident Energy, Eq. Guinea, Audit, 2020
Okume FPSO, CBM &

Diagnostics, 2009-On-going
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r Maintenance Data Optimisation ‘e '. 1

Operational Reliability Engineering jOhn Cra Ile :.
®

25%

Reduction in ; 1< $1.6M USD in Reduction in
annualised — reduction in safety
maintenance critical

maintenance
man hours

costs ‘ backlog
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unavailability unavailability per occasion i ® [
downtime risk

' Critical Spares Analysis - Materials Management "o l

Sk/year

JeNV

Critical | ‘
spares nventory $750K of
: d for Optimisation :
reviewe ; capital freed
oil export Software
utilised up

upgrade
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The Prize

Increased Reliability & Availability, Reduced Total Cost of Ownership, Continuous
Improvement

World Class

20% - 60%
less
inventory

1. Reliability — eliminate defects through
Precision to reduce failures and cost

2. Maintenance - ensures correct amount of effort
(money) is spent in areas where it adds value —

5% better criticality focused

ava”abi”ty 3. Condition Monitoring is a key part of the

maintenance strategy — Increasing availability

and reducing costs by ensuring intervention

20% - 45%
reduction in
Iifecycle costs 4. Inventory — right spares at the right time and

only when necessary

in the right condition maximises availability and

minimises cost
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