Fundamentals of Asset Management

Background: Optimized Investment Decision
Making

A Hands-On Approach
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Three fundamental management decisions

1. What are my work crews doing, where are they
doing it—and why?
2. What CIP projects should be done—and when?

3. When should | repair, when should | rehab, when
should | replace?

These decisions typically account for over 80% of a
utility’s annual expenditures
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Asset decision framework

Big picture Micro view

e Whole portfolio o Event based
perspective « Specific asset focus
* Trends

o (Case-by-case decision
» Macro forces points

o Policy framework
o Budget arena

Repair? Refurbish? Replace? Augment?

Advancing Asset Management



Managing the “asset consumption” process

Detenoration Curve
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There exists for every asset, a theoretical “best”
Investment

Decay Curve
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Option Ranking

Catastrophic Failure
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Bringing it all together

Repair-refurbish-replace decision
Fix when broken (run to failure)
End of prescriptive life
12 years old
3,000 run-time hours
35,000 miles
Rule of thumb
3 breaks per mile or in 24 hours
Poor condition (and worst first)

FCI > 6% (Faclility condition index—O&M as a
percentage of replacement cost)

Optimized renewal decision making (ORDM)
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What is optimized decision making?

e Systematic search for lowest-cost renewal
Investment
e Based on interaction of
« Cost trends (direct O&M, indirect)
« Condition trends (decay/survivor curve)
* Risk-consequence trends

e Three major approaches
* Valued expert judgment

« Lowest projected average life-cycle cost per year of
residual life;

Operational costs
Risk-weighted, full economic costs

* Intervention factors; condition, performance, reliability,
Business Risk Exposure, etc.
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Three levels of ORDM

e Level 1 Decision tables/trees

« Structured, often substantially qualitative, value
judgment-based

- Event-focused, scenario-based
o Level 2 Lowest average PV life cycle cost scenario
analysis
« Specific decision event-focused
» Spreadsheet-driven
« Can be used to refine decision tables/trees
o Level 3 Integrated intervention and full economic
life cycle cost optimization
« Sophisticated modeling
* Objective function-driven
» Both portfolio- and event-driven
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So, what to we mean by...

Minimum life cycle cost strategies

e Fundamental asset management options available to the
management team are

Do nothing (zero-based strategy)
Status quo
Operate differently

Maintain differently—run to failure, preventive-based,
predictive-based (condition, usage)

Repair
Refurbish/rehabilitate
Replace [ It’s all investment! ]
Decommission
Non asset-based

e Which strategy for each asset?
e Combinations over life cycle

Advancing Asset Management
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‘ What do we mean by “alternative treatment

options”™?

Maintain
and Repair

Option 1

. J

( )

Option 2

\ J/

|

) )
[ Refurbish [ Replace
J J
Option 1 Option 1
Option 2 Option 2
Option 3
Non-asset
Options
[ Option 1 ]
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Our “decision rule”

(\

Maintenancg

N

Costs

Maintenand

Capital

Costs

Maintenance/repair Option 1...N

Operations

Maintenance

Total

NPV Total

l

Estimated total costs for the effective life of the solution (capital, operations, & maintenance)
Look for “alternative treatment” with lowest average annual (present value)

Capital

Operations

Maintenance

Total

NPV Total

Costs

Yr 1

Yr 2

Yr3 Yr 4 Yr5

Capital

Operations

Maintenance

Total

NPV Total

Say, a 40-year solution

cost (average annual cost = total annual cost/year)
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ORDM decision rules

o Which strategies?
Lowest average annual cost (PV) is used to determine
which strategies to use
e When to change strategies?

* Lowest marginal cost is used to determine when to
transition to the next strategy, or

* When intervention point is triggered by interaction of
trend lines

PV is present value

Advancing Asset Management
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ORDM future costs

_—

Future total maintenance costs

Unplanned maintenance

T
Total Maintenance Costs <

Planned maintenance

Low

Decreasing Age of Assets Increasing
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ORDM—where do the savings come from?

Future total maintenance and
operations before renewal

Future total maintenance and
operations after renewal
— Potential

Renewal work completed .
savings

T
Total Maintenance Costs £

\ — Estimated future
unplanned costs
Estimated future planned maintenance cost

Decreasing Age of Assets Increasing

Lo

=
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ORDM—timing the renewal

High ... .
Optimizing the savings
(Vs]
i)
(Vs]
o
@)
(D]
(©)
c
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qC) Trial: Several renewal dates 5
+ 4
=
Low
LTD +5 +10 +12 +14 +16

Time

ORDM is optimized renewal decision-making, LTD is life to date
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Setting up the basic analysis: lowest annual life
cycle cost

£ Microsoft Excel - ODM Example. xls

@ File Edit Mjew Insert Format Tools Daka Window Help  Adobe PDF ;lilﬂ
Dl &R Y & B @& = A 2% 4R e -3,

Arial -0 - B I UEEEHRH S %, WY EE G-D-A- T
| H31 ~| =

A B € B] E F €] H | d K L =

1 |Discount Rate ) 4.0%| Avg Annual § |
2 | Repair/Maintenance Total 1 2 3 4 5

3 | Capital 5 4 500 C 4500 % - 5 - ] -

4 | Operations F 2033 § 35000 § 40250 F 41458 F 42701 | § 0 43982

5 | Maintenance § 1.803.29 F 55000 % 35525 % SB0SS F 0 3B5899  F 371.48

B | Total Costs § 833720 § 1667 $ 520000 % 757.75 | § 77515 % 793.00 % 811.30

7 | NP Tatal Costs F 804376 § 1,609  $5,200.00 $728.61 $716.67 $704.97 $693.50

=

9 | Refurbish 1 2 3 4 3 G I L

10 | Capital $35,500.00 $ 177500 % 177500 % 177500 % 177500 | % 1775.00 %$177500 %177500 %1,77500 ) %1775
11 | Operations F 751519 $ 32500 % 32983 F 33482 F 33985 §F 34484 F 35012 § 385357 § 3600 | §F 366
12 | Maintenance § BA87.73 $ 27500 % PR3 | §F 28331 F ZE7AE 0 Z91E7 O 29625 F 3000 F 50521 | 3090
13 | Total Costs 4000292 % 2495 % 2375.00 % 238400 % 239314 § 240241 % 241182 $2421.37 $2431.07 $2,440.91 | $2.450.
14 | NPY Total Costs F34 98497 % 1,749 $2,375.00 $2,292.31 | $2,212.59 | $2,135.73 | $2,061.63  $1,990.19  $1.921.31 $1,854.89  $1,790.
15

16 | Replace 1 2 3 4 3 G I L

17 | Capital $&1,000.00 $ 152500 % 152500 % 152500 % 152500 | % 152500 %$152500 %152500 %152500 ) §15251
18 | Operations $10853.58 $ 20000 % 20300 F 20605 § 20914 0§ M2X7 § M546 F MBEI O ZNE7 § 2250
19 | Maintenance 51224367 $ 20000 % 20000 § 20000 § 20000 % 20000 % 22500 % 228358 % 23180  § 2350
20 | Total Costs F84 09725 % 2,102 % 1,925.00 % 1,928.00 % 193105 § 193414 % 1,937.27 $1,96546 $1,972.06 $1,978.77 | $1,985.
21 | MNP Tatal Costs F42165961 § 1,054  $1,925.00  $1,853.85 | $1,785.36 | $1,719.44 | $1,655.99 $1,615.46  $1.,558.55 $1,503.70 @ $1,450.
22
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Setting up the basic analysis: lowest annual life
cycle cost

£ Microsoft Excel - ODM Example. xIs £ad
Eile Edit Miew Insert Format Tools Data ‘Window Help Adobe PDF .= H

DEed ES&LY tBRad - W E Aozl E RS -2 TR

rial -0 - B I USE=EBE $%, WM EE - -A-FHA A
| F25 =] =

A B © D E F G H d K L =

1 |Dizcount Rate ) 1.0% Avg Annual § —
2 | Repair/Maintenance Total 1 2 3 4 5

3 | Capital ] 4 500 ] 4500 % 8 ] = ) -

4 | Operations $ 203539 § 35000 % 40250 % A14558 | § 4271 % 43982

5 | Maintenance $ 1.803.29 § 35000 % 35525 F 360SB §F 36599 F  371.48

B | Total Costs § 83370 8 1,667 | § 520000 § 757.75 § 77515 % 793.00 § 81130

7| P Total Costs $ 825945 8 1,652 $5,200.00 $750.25 $759.88 $769.68 $779.64

g

9 | Refurbish 1 2 3 4 5 6 7 8

10 | Capital %35 500.00 B 177500 0 5 177500 5 177500 F 177500 % 177500  §1.775.00  §1.775.00 %1.775.00 | 1,775
11 | Operations ¥ 7481519 b 32500 % 32983 F 53482 fp 33985 F 34484 F 58012 F 35557 % 3E0Y0 F 3EB
12 | Maintenance ¥ 685773 § 27500 0% 27913 §F 28331 F 2E7Ae % 29187 §F ZOB25  §F 30070 % 30821 | § 300
13 | Total Costs §49002592 § 2495 | § 2,375.00 § 2,384.00 § 2,393.14 § 240241 % 241182 $2421.37 $243107 | $2.44091  $2,450
14 | PV Total Costs §4538214 % 2,269 $2,375.00 $2,360.40  $2,34598  $2,331.75  $2,317.71  $2,303.85  $2,290.17 | $2,276.68  $2,263
15

16 | Replace 1 2 3 4 5 b 7 8

17 | Capital $51,000.00 $ 152500 % 152500 § 152500 % 152500 % 152500  §1,.525.00 §1,525.00 152500 §1525
18 | Operations $10,853.55 b 20000 % 20300 F ZOR05 fF 20914 F M227 F 21546 F 21BRI O 22ME87 | § 225
19 | Maintenance 1224367 b 20000 % 20000 % 20000 § 20000 % 20000 §F 22500 § 22858 % 23180 §F 2355
20 | Total Costs 8409725 § 2,102 || § 1,925.00 § 1,928.00 § 1,931.05 $ 1.934.14 § 1,937.27 $1,965.46 $1,972.06  $1,978.77  $1,985
21 | PW Total Costs fEI24055 § 1,731 $1,925.00 $1,908.91  $1,893.00 $1.877.25 $1,861.68 $1,870.06 $1.857.77  $1,845.63 @ $1,833
2
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‘ Adding uncertainty: a decision tree approach —

]
Tom’s pump e Weighted
A Chance Point
: Max Failure: (800%) ($6,000) Average

Repalr ‘f‘ $78,000/2
’ $39,000

] Min Failure: (500%) ($6,000)

Max Failure: (300%) ($17,000)
Pump Options :- Refurbish A $76,500/2
$38,250

| Min Failure: (150%) ($17,000)

(Assume 40 year life)

Max Failure: (90%) ($70,000)

$98,000/2

: ’. $49,000
. Min Failure: (50%) ($70,000)

¥ A ¥,
o * L} 0‘
An option o — .
An outcome Proozat‘?g'r?]/ec’f Cost of Outcome
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Adding non-financial decision elements: weighted

decision tables

Refurbish
Weight

Criteria B
Life cycle cost 3 10 30 8 24
Safety 1 8 8 8 8
Environmental impact

Noise 1 7 7 8 8

Odor 1 7 7 9 9
Performance

Level of service 1 7 7 9 9

Reliability 2 7 14 10 20

Availability 1 8 8 7 7

* Scored 1 (low) to 10 (high)

Advancing Asset Management
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Faclility condition indices

Cost of deferred

Famhty maintenance/renewal
Condition =
Index (FCI) Current replacement
cost of asset
Poor
Fair
Good

= X%

> 10%
5-10%
< 5%

Typically applied to buildings and related facilities

Advancing Asset Management
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‘ TeamPlan main screen

‘IeamPlan View Setup CIPfCapex Model Reports  Help

Mewlocation  New Asset  Copy  Delete attributes [0 CIPjCapex [0 Cost-Rp O cCost-Rh O cost-0p O risk O oom-Rh O oDM-Rp O ooM-Mn O oom-op O oom
2 EDENHOPE ~ Node ID 78369 MS Applied GRAVTY-VCP ]
3 (RME ST 24635 MS OWR v
3 ACROSS SCHOOL OVAL Asset MS CRAVTY-WCP
3iaioeat | armeuie ] Mgtsteat | Appied ] mpoted | overwiite | cCalculnted |
g ANDREWAT Mo Node hiame 24635: LANGFORD STREET 24535 LANGFORD STREET
il i et hsset
3 ATERORE RETIC RETIC
3 ATTANK
3 CHARLES 8T 171967 THneT? THHaT?
3 CHURCHILL 8T 1977 1977
3 COLERAINE - EDENHOPE RD | size  EES 150 150
3 oAbt n m i
2 L = g s
3 EDINBURGHRD = “ =
3 EDINBURGH 5T
3 Eiamie T T - 14 14
3 GEORGE ST m i LJi S
3 GLENELG AVE ve Ve
3 GLOUCESTER 8T
3 GOVERMMENT RD
= & Gravity Main NATS NATS
RS 4537: LaNGFORD STREET
48 2536 LANGFORD STREET
AL BT LANGFORD STREET -
|
458 24633 LANGFORD STREET L
+ B it | Process |
v 4 Manhles v
;58 ot
# 3 HALAHAN ST i
# -3 HARROI RD
# -3 HORSHAM RD 24
-3 INSCHOOL 5
-3 KADMOOK ST 2 34
+ 8L KANIVAEDENHOPE RD S
H 3 LAIDLAW AVE 41
w3 LAKE AVE .
# 3 LAKERD Bl R S N R R P e R R B BB E R LR R BB 8585885
# 3 LAKE ST HRRRRRRRRRRNRRNRNRRRRRNRARRRERERRRRRRRSRRERRERRERsanE
5 B LAk 1 o1
# -3 LANGFORD 5T #5000
%3 MACQUARIE 5T
# 3 MARGARET 5T
+- 3 MOLLISOM 5T 5 00004
#-3 ORME ST WGP Replace | &
-3 RDAROUND LAKE RD W CP-Rehab § $5000
+ 3 SCRUBBY CREEK RD
© 3 SCRUBBY LAKE RD 9
%3 BORLLIBY LAKE RD N N e I N e e e I B R
+- 3 TO KOWREE SPORTS CENTRE RD - RERRRRRERRERRRRRERRERRRRRRRERRRRRRRSRRRERERRRRSRERRasna
3 TOTowUCD o LAKE T
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Management strategy groups

e Grouping of assets with similar renewal and behavioral

patterns
e Purpose
Allocate defaults to assets (missing data)
Assign asset lives and decay curves
Calculate current replacement costs
Calculate business risk

Consequence of failure

Probability of failure
Determine appropriate investment intervention
o Example

Gravity pipes, RCP, built <1950, high H,S

Advancing Asset Management
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reating management strategies

B Microsoft Access - [Mgt Strat]

i3 TeamPlan View Setup CIPfCapex Model Reports Help 8
[ MNews Group ] [New Mat Stategy } [ Celete ] [ Copy ] [ SETUP ]
b o v
MSID GRAYTY-DIP o)
aj ke
@ ST WARE e v .
S
& POLYVINYL CHLORIDE
g i
&) UNKNOWN PIPE TYPE e ==
- ria
& VITRIFIED CLAY PIPE
& 2_CONCRETE PIPE ITH PVC LINER, [Material] Like " CONPWC™ o
i - 6 2_Gravity sewer from CIP project g
€ MANHOLES o
©- o
Con
€ 2_LIGHTING, STRUCTURE
&) 2_MANHOLES 0CSD T T ' ©
€ 2 outralL | Deptuna
1 €D 2_PLANT PIPE [ lnore  NETA
€ 2_Rooms, INTERIOR 11111990
@ - staneire
€ 2 srucTURes ®
&) 2 TANKS (INCLUDES RECEIVERS) =
+-__| ELECTRICAL ASSETS
1 INSTRUMENTATION ASSETS
L1 MECHANICAL ASSETS
=t
it il
[+ DEFAULTS
| MaxRisk |
:
| MnStat |
DUCTILE IRON FIPE thl_TYFPE_DATA
T (!isterisl] = 'DICL' AND [Typel-RETIC! tl_TYPE_DATA
et
[ on 0 NG
OpCrelD Flat -
" Close |
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TeamPlan decision logic

35 160
— Do F
30 4 Risk + 140
= = = MinRisk
= = = MinCon
—Vng 1 120
25 4 Op$
—Cum$ S
—
o >
2 ! 100 +;
[&] o
(%)) O
[ o
2 @
£ +80 2
S £
2 S
z .
2 160 &
17
o
O
- 40
N
¢ 20
0
2055
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Advanced level ORDM example: asset operations

e Operate?

e Average operations costs?
e Which curve?

e Curve shape factor?

Unit Maint./Op. % of RV
= N INd w w >
wu o o (=3 w1 (=3
o o o o o o

e
=3
=]

o
o
=}

0.00

4

Unit Maintenance % of RV
[ n

=#=Bathtub (10)
—&— Bathtub (9)
Bathtub (8)
—¢— Bathtub (7)
—%— Bathtub (6)
—e— Bathtub (5)
—+— Bathtub (4)
—— Bathtub (3)
——— Bathtub (2)
Bathtub (1.5)
Bathtub (1)

Condition Rating

Advancing Asset Management
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Advanced level ORDM example: asset maintenance

e Maintain?
* Managed (CMMS)?
* Non-managed (CMMS)?

Fd
=}
S

w
o
=}

w
=3
S

+  Run to failure (CMMS)?
e Average maintenance

COSts?
« Use CMMS as base

e Which curve?

== Bathtub (10)
e Curve shape factor? B
Bathtub (8)
3.00 ~¢— Bathtub (7)
—*— Bathtub (6)
—e— Bathtub (5)

—+— Bathtub (4)

250 ——Bathtub (3)
> ——— Bathtub (2)
% Bathtub (1.5)
L 200 Bathtub (1)
S 2
o
2
©
g
[
H
‘s 1.50
=
.E
=}

Condition Rating
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Advanced level ORDM example: asset rehabilitation

e Rehabilitate?

- Non-managed (CMMS)? /%
*  Run to failure (CMMS)? o
o Effective life?

% maximum potential life ——Late ncrease

e Installation factor? , e nrens 5 [
-
e COSt Cu rve? 200 I=0==—0 e v —+—Early Increase (0.6) [

(
—— Early Increase (0.4)
o Cost shape factor? o e
e Condition curve shape e 2

3 1
10T A
f ’) === ate Decay (4
aCtOr H \ —&— Late Decay (3]
97 Late Decay
Late Decay
Late De
i

C

A —#— Late Increase

% of Repl
- -

/
I<+
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Advanced level ORDM example: asset replacement

Is asset type valued by size?

What is the default size and unit code of
the asset?

Should asset type strategy vary by size?

Does the length and depth of the asset
type effect value?

What is the maximum potential of this
asset type?

What is the unit cost of the asset (per
unit)?

What is the installation/difficulty factor?

Which curve represents the decay curve
of the asset type?

T

N

=== _ate Decay (4)
—=— Late Decay (3)
Late Decay (2) —
Late Decay (1.5)
—%— Late Decay (1)
=@ inear (0.74)
—+— Early Decay (0.6)
—=—Early Decay (0.4) [
——— Early Decay (0.25)
Early Decay (0.1) | |

0% 10%
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Random life statistical model

e Assets are allocated a random life centered around the
allocated average life

e Utilizes the normal distribution bell-curve
o Reflects real life asset failure uncertainty

Average asset life

Distribution of Asset Lives

- 30% (Distribution factor)
+ 30% (Distribution factor)

v

Advancing Asset Management Asset Life (Years) 30



‘ Reporting and scenarios

K2 Microsoft Access - [Reports] i r_‘

lan  Wiew Setup CIPfCapex DModel Reports Help &

Copy Delete Mew Series  Show Data  Export Chart  Exit

E w;::m il Future Investment Chart Assel Selection

; Renewal (178) =me G Future Expendiiure - First Draf Mode Fef Givater
1 Replacerment 180} 2007 Inelide Sub &
[ Rehahiltaton 1152) 2107
7 Rehabiltation Fiatened 214)
- 4/ Totel Renewal (184) Commert Don't know
L5 Renewal Average 1183)

ﬂ Operations (193]
: / Sewer Retic Blockages (194)
- 20 Sewer Refic Blockayes RS (19) SV Future Expenditure - First Draft
: / Sewer Retic Mairtenance (197)
% Sewer Refic Maintsnance RS [199) AR $12,000,000

- Af@ Operational Maintenance (199)
/ Qperational Adrmin (200)

- Z1 Operstionsl Admin RS 207)

=0 CIP Mew Growth (202)

: 7 Growth (03) §10,000,000 -
I GIP Growh RS 204
/B Growth Refiab and Renemal (205)

/@ Growth and Growth Rehah and Renewal (206)

=k ; Renewsal Current Program (207)

! / Renewsal Current Program Total {208)

T Totals 209) 32,000,000 1 $2,000,000
4/ Total Expenditure i210)
3 Total Excpenditure Avg. 211)

& Y@ BIRCHIP Renewal {155)

10,000,000

&
k1 ARARAT (139) @
5
2 6,000,000 ——$6,000,000
5 7
3
&
4,000,000 4 i — - — — — — — —r$4,000,000

i

204] T——
—
— t——
S —— ——
— —

{
T
=]
]

TG T ——

]
|

‘ 2,000,000
l ¥0

o o 2

3 b =

2 =] =

s = =

[ ] @ = m - e = oo O I T - T - NS~ Ry U W Sy~ n oo
S = R ETi 5 T 5T o IR i G DR LR D DD DD D ® S50 S90C
=IR=R=t=i=] IR =a=| =] S oSS g =1 =i=t=1 S0 o000 D0D 0000 D oD g0 == =
iR i ] &8 8 ] SR &&&A & 888 EREARARAAREARERRRAEAE S nEn
B m Renewal Current Program Total Growth Rehab and Renevwal B 2 Growth F 0 Operational Admin RS
B 0 Operational Maintenance I Rehabilitstion F 1 Replacement e Trtal Expendiure Avo.
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‘ Drilling into assets

K Microsoft Access - [Reports]
i TeamPlan Wiew Setup  CIP/Capex  Model Analysis  Help =

Copy Delete ShowDats Export Chart  Import  View Assets Exit

¥ Fepors ) Import Data from Model Series Settings v Chart Settings

¥ Bxes Number 4

K Collection System (155
i Knot Teunk (172)

X Axes MName

Mame  Rehahiltation

Ear Flot Type 1-ColumnStac

Q Renewal (173) r v
1 Replacement (I75] CIP-Rehab § v Fore Color || =
. h] EelabiieioflfE) Import Function  Sum v H _E e
® ilil Testing (128 Line Thicks hd Legend Fort Si v
Showy Dats Gridines-[] oS Tille Fort ~
Rehabilitation
80000

70000

60000

50000

40000

L
JIILJhmH“§JLU LH”I J

2040 2041 2042 2043 2044 2045 2046 2047 2045 2048 2050 2051 2052 2053 2054 2055 20356 2057 2058 2058 2060

o

| B 4 (Rh) Rehabiltation ‘
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Asset renewal decision model

120 18000
—&—Con
oo + 16000
100 CoF
—=— Risk
—— Min Risk T 14000
= \in Con
Mn$
80 op$ 12000
% —#—Cum$
[5)
(%]
c + 10000 _
2 2
T o 7
o
3 {8000 ©
X
©
o
40 6000
AN A [
20 ——=
iy gV
- .
okl e, 1hiitn Yebttas TEY.I0 S S RAS A0 AN
[ =i o WAND A 4 £ ) AVANPAN =______________________-_________ﬁ -0
2000 2010 2020 2030 2040 2050 2060
Year
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‘ Overall projected (optimized) expenditures

Expenditure - $M (Current Dollars)

600

500

400 -

w
o
o

N
o
o

]
-
»
100
0
O O N IO 0O o I I~ 0O M O© O
O O o dd N N N 0O OO M ™M
o O O O O O O O O o o o
AN N N NN AN NN NN NN NN NN NN N

2042
2045
2048
2051

2054
2057
2060
2063
2066
2069
2072

Year

FILLT T I -

mmmm C|P Existing - Current Program
s CIP New - Future Growth
I C|P New - Future Levels of Service
I CIP - Future Rehab and Replace (New Levels of Service / Growth)
I CIP - Future Rehab and Replace (Plants)
CIP - Future Rehab and Replace (Collections)
I Operations (Operations)
[ Operations (Maintenance)
W Operations (Overhead)
= = Book Value
Replace Value
Average Expenditure

2075
2078
2081
2084
2087
2090
2093
2096
2099
2102
2105

12,000

10,000

8,000

6,000

Asset Values - $M

4,000

2,000
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Key points from this session

How do | optimize O&M and capital investment?

Key Points:

o Follow a logical best
practice process —
Optimized Decision
Making or Life Cycle
Costing Analysis.

e Get the best information
and data you have,
consider all feasible
alternatives, and
generate your best
strategy.

e Consider non-asset
solutions!

Associated Techniques:

Optimized renewal
decision-making
Life-cycle costing
(including projections)
Decision-tree analysis
Weighted decision tables

Advancing Asset Management
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