THESAINOPROJECT

STRATEGIC ASSETS: LIFE-CYCLE VALUE OPTIMISATION

Optimizing the management
of aging* assets

*This includes ‘prematurely’ aging assets, obsolescence etc!

Jack Huggett
Principal Consultant
TWPL

www.SALVOproject.org
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Project Summary

nationalgrid
3-year R&D project to produce:

: SP ENERGY o dafinit
55 UNIVERSITY OF * Best practice definition
4P CAMBRIDGE IV * Process & methods guidance
 Decision-support tools
Sas0oL ‘@ o « Case studies & templates

Started Sept 2009

ﬁTll_l_I_l Completion due 2012

Scope: identification of optimal strategies
and decisions for managing asset aging
N Scottish & degradation, obsolescence, renewals,

y 4
- Water ;'alcrow refurbishments and changing inspection
=

& maintenance requirements.

r o E mo First deliverables imminent:

e - optimisation of individual assets renewal

timing & cost/risk justification
IfM Distributed Information
and Automation Laboratory
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http://www.sabic.com/

Business impact

Phases needing a Life Cycle view
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Asset health, performance, condition, value

End of useful economic life is inherently ‘fuzzy’

2. Renewal options
& timing optimisation
-

—
—
—_—

Uncertain mix of random/external and - ~——
age- or use- related damage mechanisms ) |
e
\ ——————— )
\\ 3. Upgrade,

change or dispose?
1. Various options to repair,

refurbish & extend life

Uncertainty compounded by

* Variable deterioration rates

* Quality of measurement/knowledge
* Variable functional demand & usage

Time or usage
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SALVO: top-down targeting & bottom up optimisation

5. Whole portfolio needs, costs &

risks forecasting .

1. Asset population & e.g. Capital mvestment ptans resourcing

Systems segme_n_tatlL" needs, risk & cost forecasts
e.g. Types, age, condition,
performance. criticalitv ™

Dollars (Millions)

A\

4. Work programme integration

and optrmrsatron
a) Optimal blendrng

actions & options
e.g. Inspéction, maintenance,
modification, renewak,

b) @ptimal bundlig [
3 Optrmrsatrqn of e LA ¥

Hard data + tacit knowledge
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SALVO: top-down targeting & bottom up optimisation

5. Whole portfolio needs, costs &

risks forecasting .

1. Asset population & e.g. Capital mvestment plans resourcing

Systems segmen_tatlL" needs, risk & cost forecasts
e.g. Types, age, condition,
performance. criticalitv ™

s (Millions)
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4. Work programme integration II-
and optlmlsatlon
a) Optimal blending

actipns & options
e.g. Inspéction, maintenance,
modification, renewal,

b) @ptimal bundling [
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Step 1. what assets are worthy of attention, and how
can we group them for common needs, urgency etc?

Mapping c. 40 possible decision ‘triggers’ & clustering criteria, including:
* Asset types, modularity, reparability, replace-ability

« Demand and utilization forecasts

 Asset ages, usage, performance history (including trends & forecasts)

« Asset ‘health’ (current condition, performance etc)

« Asset criticality/value

« Technology overtake/obsolescence

—>

 Legislation & standards changes Q Z;'glr'zgor
e SEE ®
sg=| @
QT ©
(@]
£%53 ® O

Urgency of attention ——
(e.g. proximity of expected replacement)
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Step 2: Intervention options to consider

Intervention Type

[N

Alternative Finan

Alternative Finance/Service Provision

Insure

Comptetency Manageme|Alternative Finance/Service Provision

Purchase asset function instead

Decomission Alternative Finance/Service Provision

Re value (change priority)

- - Competency Management Gap Analysis
Invest in Co ntlngen Cy Competency Management Retirement and succession planning
Mage Stakeholder ExgCompetency Management Training
Decommission Dispose
M Od\lﬁk Decommission Mothball
Modify Asset/System C ajlbecommission Scrap for spares
Mod ify Asse\tfﬁystem Op Invest in Contingency Buy a spare
Invest in Contingency Competency

Monitoring/Inspestion

Invest in Contingency

Contingency planning

Planned Maintenance,_

Invest in Contingency

Increase buffer stock/capacity

Invest in Contingency

Quality Control System

Supply chain deal

Re engineer

Replace

Sampling (1 off information capture)

54 possibilities identified so far!
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Step 3: Individual task evaluations

* Individual asset replacements (justification & optimal timing):
In field trials right now

« 1-off interventions (e.g. refurbishments or modifications):
In definition stage

 Enhanced inspection, condition monitoring & maintenance:
IN process mapping stage

Structured capture of tacit knowledge plus 20+ {Optionum
hard data correct usage (where available) 1
|
oooooooo bjects & corrosion damage 1 ] /
duced / reducing risk: i # Total
% would be lost during first Year(s) :3 I
Random / constant risks : . - g - } NG G sequences / Planned maint.
Underlying 1:1‘:1::’:?;;:5{:'::2 E:?LUSEE m;’;g pefore he st o deteroraton - ] Of d el ay
Deterioration / increasing risks | / # Restore failure
St M 1 55

art [ 8 |vear(s)
Rate 90.00 [% would fail by 15 vearty | T TmmmEEETmmmoommes

£/occasion gloccason  Suvial
120

ials & labour) [ DIRECT | 10,000 |
of occasions i 00
Penalty Costs (Downtime, lost oppty's) [ VARYING 90 1,000 w ——
10 10,000
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Field trials are already showing

1. Business case justification for like-for-like renewal has been
badly handled historically (versus Capex for new
demands/technology)

2. Big LCC impact, therefore, for better case-by-case evaluation &
optimized timing for renewals

3. Diverse asset types can be modelled with a generic approach
(don’t need asset-specific models)

4. Data quality is not the limiting factor - structured presentation
of the right questions, asked of the right people, is more important
(plus correct calculation & interpretation of the answers!)
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Optimisation
modelling &
calculations

Better

o _ Decisions
Sophisticated analysis focus: G.I.G.O.

How we interpret
and use the data

E B EEEEER l.
terative, “what if?” analysis: find which assumption$

I
really matter & what data is therefore worth collecting

“Get better data first” usually fails

Subjective (what data, when, how good?)

judgement

Quality of Data
2 to 3 (-ish)

‘Guesstimates’ Measurement
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Step 4 - optimal task bundling

e Only early trials so far

* Re-mixing minor and major shutdowns & work
alignments: scope for further large savings (esp.
In planned downtime)

H E h‘
= )




Next on the cards

« Refining the individual asset renewals justification
process, tools, guidance etc.

* Broadening the scope of different intervention types and
combinations

« Extending the programme aggregation up to full
population implications (without ‘double-counting’)

 Developing suite of guidance notes, case
studies & templates

THESAINOPROJECT

Guidelines for the optimal
management of aging assets

« Next update - mid 2011.... ——

B U IVERAITY O
oF CAMBRIDGE

john.woodhouse@twpl.com L5y ==

www.SALVOproject.org
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Draft SALVO field case
studies:




Case 1: Escalators
Estimated life cycle of the step chain type A:

Restore Failure Curves - functional failure

|l-E) | (S|

Survival - funchional failure

100
5
S0
ELIPP
I
S 10 20
Ags of zzzsf (¥aers)
Failure Denzity - functional failure Hazard Rate - functional failure
-
&
o
0 o 10 15 20
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Optimal replacement interval of this step chain:

MNew asset life cycle

SO0
. Optimum

3 eee0e1

Z0e0e0e0e 1

Coat (PV LY ear)

Equrvalent Annual

1 0ee0e0e0-

Lit cpcle Yaens)
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Comparing 3 maintenance strategies:

New asset life cycle

00D Age based fixed interval
=T preventive maintenance
= @ 40000
_:_:E = OFM with critical spares but
== 00000 reputation at risk
= e
i fa -
o 0 peczcczzzsszzssszzosszzss T e —— =
B % | :
DOO00-- |
r_r_"T'.'_l 1 ! :
D I } _ _—
I:I j 1|:| -Ic " L

Lie oycla Yean(s)
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A escalators with £30000/wk
downtime penalty:

Assembled - 1 NOV MYA - 2w. MYA £30000/wk - £30k LCH/week no crit spares

Task details

Schedule periods & dates

E quiprent,/ T ask: 112134856 )718f(3]10]N1

12

13

1711813 j2001]22(23

27

28

29

30

kil

32

33]134[35|36 |37 394041 (4243

M4 escalator: Tw. Drive chain
M4 escalator: 3w, Step chain

_CH

M4 escalator: dw. Electics

WA escalator: Bw. Gearbox

M4 escalator: Bw. Hand rails

WA escalator: Pw. Drive mokor

M4 escalator: BwkSw dler

WA escalator: 10w TOP shaft
M7'A escalator: 11w Steps

by
bttt

=525

TG
|Agzembled

— .
||| % |Ba| #| Total impact (NFYE 5

Best found: £

™ Resources [~ Totals

ZBA800 Near
230200 Mear ‘

- Task ocounences
o4 p|e]|H|— ’.E..

Mowve all
following tasks

Task details

Schedule periods & dates

(=)

Equipment,/T ask: 112131415161 7181911

11 12|13

—
=

20f21|22)23) 2425

27

a0

3 36 e} 42 | 43

by escalator Tw. Drive chain

M4 escalator: 3w Step chain

by escalator, 4w, Electics

M8 escalator: Bw. Gearbox

by escalator, Bw. Hand rails

M8 escalator: T, Drive mator

by egcalator BwiSw [dler

MA escalator 10w TOP shaft

M ezcalator 11w Steps

EiE @

Kl

i —
|Dptimised >B"'| ul b4 !l ﬁlTotal impact (NFV]: i

Best found: £
I Resources ™ Totals

239900 Aear
230200 fYear

i Tazk occurences

al ] v[n|4+||8

Move all
following tazhs
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Criticality summary:

Metronet escalators:

Red Orange Green
Escalator type: 54000 to 2000 to <1000/ wk Total
=S000/wk 1000 to 50
HD B 7 11 17 35
C 4 4
LHDM 2 8 13 28
I H 2 2
Ha 7 7 o 15
B 2 2
I ki 3 3
A 14 21 2 37
P - 6 G
S 1 7 8
S 2 2
SX-08 1 2 3 6
RAC 2 3 5
RTHD M4 4 2 4 10
LULZ 2 3 o
RTP 1 2 2
2 2 ke 12
Totals 60 184
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A escalators with £70/wk downtime penalty:

Assembled -1 NOV MYA - 2, MYA - £70 LCH/week no crit spares

[=@E=]

T azk details

Schedule periods & dates

Equiprment/T ask: 18

23

3013

3738 133(40(41 |42

G0 | 6162

4 escalatar 1. Drive chain

v ezcalator 3. Step chain

4 escalator 4. Elechics

b4 escalator: 5. Gearbox

4 escalator 6. Hand rails

YA escalator: 7. Drive motar

b4 escalator 843 |dler shaft

YA escalator 10 TOP shatt

v ezcalator 17 Steps

4 J
- Schedules

~ Task occurrences

g !Assemhled Z"‘ | = | w I ' Y | Tatal impact (NPY]; i

71560 Mear

ol (Do |n|H-| 8

] Optimisedl - 1 NOV MYA - 2. MYA - £10 LCH/week no crit spares

T azk details

Schedule perinds & dates

EquipmentsT azk:

30[33/40( 4 [42

59| 60| 61]62

FYé escalatar 1. Diive chain

7 ezcalator 3. Step chain

hYd escalatar 4. Electics

Y escalator: 5. Gearbox

FYé escalator: B, Hand rails

rYd escalator: 7. Drive motor

l{

FYd escalator: 853 |dler shaft

T4 escalator, 10 TOP shaft

M7 ezcalator 11 Steps

4 J

=5
al n X ¥y | Total impact (NPY): £
Best found: £

Optimigedl

[~ Resources [ Tatals

53490 /v ear
59430 Near

i~ Task occurences

] }»-|-—|-E-

Maove all
following tasks

THE
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Draft conclusions:

* High criticality escalators

« Age based fixed interval planned preventive refurbishments
and replacements (long term planning)

o Low criticality escalators

« Comprehensive condition monitoring & inspections

« Condition based flexible interval planned preventive
refurbishments (short to medium term planning)

 The combination of long & short term planning
needs to produce a constant work load to enable

optimised resource levelling & constant work
loads for contractors.
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Case 2: Membranes for water purification:
(big plants in cities)

MNew asset life cycle
1 De0e{e(e0

Chptionum
BY  B00
=fe
f o SOO00+
S
5 — 40000
B 200004




Small water purification plants:
(Each membrane cleaning requires water importing)

MNew asset life cycle
10000

COptimum
BY 0007
=fe
j‘:‘ = SO000H
Sa
5 — 40000+
S0 200004
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Draft conclusion:

Membranes cannot be kept in stock as they deteriorate
quickly
The deterioration of membranes in service will enable

functional failure to be predicted and replacement
planned for with some certainty

Condition based preventive replacement of membranes
will produce considerable benefits

Smaller plants need to consider replacing membranes at
shorter intervals that larger plants, due to the increasing
cost of importing water to make up for the loss of
production output due to chemical cleaning. (Larger
plants can accommodate this loss of output and without
Inconveniencing customers)
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Case 3.
1807 PMs for work bundling




PM task durations:

Analysis of PM task durations:

Task durations (hrs):
New or contract PM

2.3

3.3

0 200 400 600 800 1000 1200 1400

Number of tasks:
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PM task intervals:

PM intervals in
years:

Number of all types of PM task

200 400 600
Quantity:

800 1000
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First task (reverse) optimised in APT-
MAINTENANCE to get 1yr interval:

™1 KAREN WHITEHALL - BAP 1 M2 PM 2 month - JH example 27-10-10

Aszsset: PM For 5TwW STC

El Flarnned T azk I
G Operating Cozts I

Firzt interval calculated:

Calculate eveny:

El Failure Modes I

I 2 Month(z)
I 2 anth(z)

G Falling Performance

(=M= ]==]
Planned Taszsk: M2 schedule

Bl Paich & Continue |

a FResztore Failures I
ﬂ Reszults

I @ Frolongation

Current interval; I 0 tdonth(z]
Selected interval: IU 'I bonthz)

M2 schedulz| Direct | Penalty| Total Euaine&a;l
Inkeryval Costs |Costz | Impact
Morthis)) [/ |Er &S
tonth]| Month] | Manth]
a 71 133 504
10 2 167 478
12 278 20 475
14 251 233 485
16 235 2BTF  B0Z2
a8 225 30 525
20 21.8 333 BARZ
22 21.4 3BT 581

Dahle click an line be diznlaoe S chedole Detail

s

™ KAREN WHITEHALL - BAP 1 M2 PM 2 month - JH example 27-10-10

= =S

FAREMNYWHITEHALL - BAF 1 M2 Fh 2 month-JH example 27-10-10

150 |Dpt1mum
= 100 \ |
=
= 50 |
L]
o )
0 3 10 13 20 23

M2 schedule Interval Monthi(s)

# Total Businens Impact
A Diract coats

A Peality coats
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APT-SCHEDULE analysis of the four
12 monthly PM tasks:

Optimisedl - KAREN WHITEHALL - Grouped PM 12 month PM - DAP 1+2+3+4

T azk detailz Schedule penods & date

E quiprnent/T azk: 1121314161617 1819 (10)n1 12113 (141611617 )18]19)20]21122)23124
PM for STW & STC:
PM for STwW & STC:
PM for ST & STC:
P for ST & STC:
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First task (reverse) optimised in APT-
MAINTENANCE to get 3yr interval:

™ KAREN WHITEHALL - BAP 1 M2 PM 36 months 6mth - JH example 27-10-10 | = || = |[ 22

Aszet: PM for STwW STC Flanned Task: M2 schedule
Bl Planned Task I Bl Failure Mades I 2% Restore Failures I Bl Patch & Continue |
a Operating Cozts I a Falling Perfarmance I E Prolongation El Rezults
First interval calculated: I 12 Monthiz] Current intereal: 0 Month(s]

Calculate eveny: I B tonthiz] Selected interval: ID "I kM onth(z]

M2 schedule| Direct | Penalty| Total Business = |
Interval Coztz |Costz | Impact
[Manthl=]] [ [ES [E4
bonth]| Month] | konth)
24 146 1.67 16.3
20 13.2 2.08 15.32
26 125 25 15
42 12.3 292 15.2
48 123 333 156
54 1256 3758 16.3
B0 128 417 17
56 133 458 17.8 _

™) KAREM WHITEHALL - BAP 1 M2 PM 36 months 6mth - JH example 27-10... [ = |[ = |3

KARENWHITEHALL - BAF 1 M2 PM 36 months
Groth-JH example 27-10-10

25 Optimum
20H |
= 15 | # Toszl Bminenn Impact
= s ==
&3 5 I
10 20 30 40 50 60 70

M2 =chedule Interval Monthis)

© The Woodhotise Partnershin | td 2010




APT-SCHEDULE analysis of the four
36 monthly PM tasks:

Optimised] - KAREM WHITEHALL - Grouped PM 36 month PM - DAP 1+2+3+4

Tazk details Schedule periods & dates
E quipment/T azk: 1 (213 [4 )66 718 (9110011 12(13 14161617 (18 (1920121 |22 (23|24 |26 (26 )27 12829030 (3 |32(33 |34 |35[36
P for ST & STC:

P for STW & STC:
P for STW & STC:
P for STW & STC:

il
— Schedules Tazsk ocourences
[Optinised] = || % |Ba| g Totalimpact NPy 3 5657 Mear «| 4] ||+ Iﬁ
Best found: £ 5857 Mear b v Al
[” Resources [ Totals el sl
Assembled - KAREN WHITEHALL - Grouped PM 36 month PM - DAP 1+2+3+4
Task detailz Schedule penods & dates
E quiprnent /T ask: 1123141616178l al0n {2y 13{14115 16117 (18119200 |22 23241202627 1282913031 )32 (33436136
P for ST & STC:
PM for 5Tw/ & STC: ||
P for STW & STC:
P for STW & STC: -
KN
— Schedules Task ocourmences
[Bssembled = || |B| @@ | Total impact (4P 3 745 Mear | 4 v|»]|+]—] |§
Best found: £ RB5.Y Mrear Mave al
[” Resources [T Totals follawing tasks
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Draft conclusion:

e The Initial step of packaging work on a
daily basis will improve field staff efficiency
by 10% to 20%

e Optimising intervals between PPMs could
produce even larger benefits.




N
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