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Content

= How to support transparent investment decision making by
structured expert judgements?

= Categorization of decision making situations
* Problem statement

= Two practical examples about methods to support replacement
Investment decisions

= Cost and benefit based method
» Risk analysis based method
= Aim of the methods is to structure expert knowledge to useful form
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Decision Making Situations in industry

Strategic
level
_ Development of current
Tactical assets or functions to
level improve business
profitability
Operational Da|_Iy operation and.
maintenance to achieve
level :
strategic goals

Changing current assets
or functions to improve
business profitability

Effect and time

Frequency oé

to use for
decision

decision
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Problem statement

List of investment proposals

Production line A — investment 1
Production line A — investment 2

Production line B — investment 1
Production line B — investment 4 ﬂ?
B

Production line F — investment 8

Total 3 500 000 €
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Selected investment portfolio

Production line A — investment 2

Production line B — investment 1

Production line F — investment 5

Total 2 000 000 €



Method development vs. application

Method development
(research project)

v'Definition of parameters to assess
investment proposals

v'Definition of key performance
indicators

v'Definition of required calculations

v'Specifications of a calculation tool
(a demo-tool by Excel)
v'Data input
v Presentation of result

v'Testing and verification of the
method
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Method application (annual
investment decisions by companies)

v Assessing investment proposals
by valuing defined parameters

v'Conducting calculations
v'Decision making



Kunttu S, Raikkonen M, Kortelainen H. & and Komonen K. (2014).
Investment Portfolio Evaluation: A Practical Techno-Economic
Approach to Support Corporate Asset Management. EuroMaintenance
2014, Helsinki, Finland, 5 - 7 May 2014, Congress Proceedings, pp. 166
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Investment decisions based on economic
criterion

= Assessment of investment proposals

= Costs and benefits

= Life time of current equipment

» Risk analysis

= Market and competitive analysis
= Selection of investment portfolio based on selected indicator
= Uncertainty analysis

= Monte Carlo simulation
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Assessment of Investment Proposals

Data Input

or select an existing
proposal for editing:

Add a new
investment proposal

Replacement of conveyorl -
Craine automation update

New mold storage
Section 1 replacement

Description | Replacement of conveyor1
Criticality of
Department | Conveyors ﬂ investment target
Sub-system | 45113-81-14-07 ] | 08
Expected Minimum Maximum
Investment cost | [
Economic life time 2] 6 | « E
A
Failure cost | so0 ] %0 T 7000

Benefits

Expected Minimum Maximum
Waste material [ton] | 10 | 5 | 13
Unavailability time [h] [ 10 | 8 | 13
Maintenance cost [€] | 5000 | 4000 | G000
Fixed cost [€] | 5000 | 4000 | 5500
I PP WP - Il | |

Expected life time

Expected remain life time A

[vear]

emAr

08 /"' ‘\
06
Shape of Weibull

distribution a8

R

(1]

Risk analysis

Inwestment type

L

| Required

Risk analysis for required investments

Investment reason | j
Conseguendes | j
Probability | j

Risk priority number Investment type in calculations

|

L

10/11/2016




Costs and benefits of investment proposals

10/11/2016

Results

Investment proposals I Investment portfolios |

New cleaning system
3se of storage capacity
w tunnelsto section 1
New saltwater tank
New salt dispenser
Meoding replacement
Section 1 replacement
New mold storage

ne automation update

ace ment of conveyorl

Investment cost and change in main cost categories

-600000€ -400000€ -200000€ o<

200000€ 400000€ 600000€ BOOODOE

B investment cost
M Waste material
B U navailability
W Mainte nance
M Fixed costs
Raw material
M Production volume

H Failure cost

Select result chart

Investment Risk matrix
proposals

Profit vs. pay
back time

(=]

Analysis phase

1. History data analysis

2. Bottleneck analysis

3. Investment proposal analysis

3.1, Basicdata | 3.2, Datainput

4. Benchmarking

M % /4



Investment portfolios

Results
Investment proposals  Investment portfolios
Portfolio 1 Portfolio 2 Portfolio 3 Portfolio 4 Portfolio 5
30% Investment cost 980000 € 995000 € 975000 € 910000 € 840000 €
H Life cycle profit 1009148 € 1200314 € 971365 € 1046045 € 1216318 €
=
=
Pay back time [year, 2,2 2 2,3 2 1,7
£ 5% y [year] | 2 5 :
E IRR 42 % 49 % 40 % 47 % 57 %
3
£ 20%
t Name of Moding replacement MNew mold storage MNew mold storage Section 1 replacemer Section 1 replacemer
=}
8' 15% [] investments in Mew salt dispenser Moding replacement Section 1 replacemer Moding replacement Moding replacement
I
& the portfolio
po Mew saltwater tank Mew salt dispenser Moding replacement New saltwater tank Mew salt dispenser
10% New tunnels to secti New saltwater tank New saltwater tank New tunnels to secti New saltwater tank
Increase of storage Increase of storage Increase of storage Increase of storage Increase of storage
59 Mew deaning system New deaning system
0%
s
0 -
& &
€ °
Hide detzils |

Analysis phase

1. History data analysis

2. Bottleneck analysis

. Investment proposal analysis

3.1 Basicdata | 3.2, Data input
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Investment decisions based on risk analysis

= A method to support investment portfolio selection when
Investment proposals are from electricity, water and district
heating networks

= Due to the intangible values achieved by investments, traditional
economic indicators are not relevant

» For example, payback time cannot usually be calculated because
replacement investments have only a minor effect on the
company’s profit.

= Two criteria for selected investments
= Residual risk must be minimized
= Total investment cost must be lower than the budget
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Risk assessment

= Risk identification
= All the risks an investment proposal will reduce are identified

= Risk analysis
= Probability and consequencies were categorized to five categories

= Consequences were defined by four different aspects
= Consequences to human and environmental safety

= Consequences to customers, which describes inconvenience caused
to customers

= Economic consequences, which includes all costs the company need
to pay because the risk has been realized

= Asset functionality, which covers issues related to a network's ability
to perform its function also in the future, for example, the availability
of spare parts and capacity
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Risk matrix x 4

Conceqguencies for each of the four aspects

Level 1/ Level 2/ Level 3/ Level 4/ Level 5

P ~ 0.05 - “Hard to imagine a scenario
where this risk will be realized. Several
things have to go wrong.”

P ~ 0.25 - “In some circumstances this
risk could be realized.”

P ~ 0.5 - “It seems rather possible that
this risk could be realized.”

P~ 0.75 - “It is much more probable
that this risk will be realized.”

P~ 0.95 - “It is hard to imagine a future
where this risk will not be realized.”

10/11/2016
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Comparability of consequencies

= How to align consequence levels?
= Numerical reference value was given to all levels

Safety Customers Economic Functionality

Level O — no_ 0 0
consequencies

Level 1 — Minor 5 10
Level 2 50 100
Level 3 500 1000
Level 4 20 000 100 000
Level 5 - severe 300 000 1 000 000

10/11/2016
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Risk evaluation

= Risk values are calculated to each aspects probability x
consequences

» Risk index for an investment proposal is the weighted average of
risk values

= Weights for considered four aspects were defined by case
company’s steering committee

= Analytical hierarchy process (AHP) was applied

10/11/2016 16



Yyvar

Interface for risk identification and analysis

Investointiehdotuksen riskianalyysi @
Investointiehdotuksen nimi | Verkosto ¢ Limpd  Sihko  Talousvesi © Jitevesi  Hulevesi B
Investoinnin hinta [ e Ikaantymisestd johtuvat kustannukset | €/vuosi
Monelle vuodelle investointi jakautuu |1— vuodelle

Risk et o roba- Concequencies ‘F‘ -
Identification bility _Safety  Asset Customer Economy e

Risk 1 |NOW ilzﬁl...
|After [+ 2 [SIE

Risk 2 enne estointia

o [ o O o o |
| IR | IR | (N | IR |
IRECTT AR AT EET TR R

estoinnin jalkeen)

nnen investointa

|investoinnin j&lkeen

opoo =/~ Q0 [+]] ] =] i
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Key performance indicators

Investment 1
Investment 2
Investment 3
Investment 4
Investment 5

300 550
120 200
80 300
50 150
200 600

80
50
80
40
250

470
150
220
110
350

638 €
800 €
364 €
455 €
571 €

Proportion

of costs

40 %
16 %
11 %
7%
27 %

Proportion
of risk
reduction

36 %
12 %
17 %
8 %
27 %

10/11/2016

Total cost 750 k€

Total risk reduction 1300
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Example of key performance indicators

40 %
c ¢
o
S 30%
9 ¥
x ¢ Investment 1
E 20 % Investment 2
o
g Investment 3
E 10 % X Investment 4
o 0 X
o ¥ Investment 5
a.

0 % [ [ [ |
0% 10 % 20% 30% 40 %

Proportion of investment cost
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Selection of the investment portfolio

* The selection of investments to be realized from a long list of
Investment proposals is known as the traditional knapsack
problem, where the objective is to select a set of choices that
optimize the selected parameter and meet the defined
constraints

= Constrain: budget

» Optimized parameter: residual risk after realization of the
investment portfolio

= In the tool was applied Excel’'s Solver add in

10/11/2016 20



Knapsack example

Budget 400 k€ (total cost of proposals is 750 k€)

Investment 1

Investment 2
Investment 3

Investment 4

Investment 5

300
120
80
50
200

550
200
300
150
600

80
50
80
40
250

470
150
220
110
350

Cost/ Proportion

reduc-
tion

638 €
800 €
364 €
455 €
571 €

of costs

40 %
16 %
11 %
7%
27 %

Proportion
of risk
reduction

36 %
12 %
17 %
8 %
27 %

Cost of investment portfolio 400 k€
Residual risk 1080 (total risk now is 1800)

10/11/2016
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Interface for results

Risk reduction

Tulostaulukke

Investointibudjetti 500 000 €

Investointiehdotusten 3150 000 €
kokonaishinta

Risk reduction by all
investment proposals

» _ | . ;
s s mw we wx wmx mw ne we ws ws  RESIAual risk after all

investment proposals

Valittu tuotealue: Kaikki
— Invegtointichdotukset
Riskin pienentyminen Riskin pienen- Investointiehdotuksen
O . . . . tymisen hinta osUUS =
oteu- euraaville antymises X - nissa

- — tetta- InvkUSENnUS  ngile jave  aiheutunest Riski Riskiinv. Erotus  fari. &jpiste fari. riskin- kokonais- . nayt.
— vatinv) Investointikohde Verkosto o kustannus kustannukset I jakeen poistosta _hinnasta inv.

O V investointi 1 Lampa 40 000 € € € 46 3 42 7 956 € 5 2% 1% 5 I
H_' =2 investointi 2 Lampd 40000 € € € 46 5 42 7 956 € 5 2% 1% 5 v =

| - 2 investointi 3 Lampa 35 000 € € € 68 7 62| 5 S69€| 4 3% 1% | 4 |~

O Iz2 investointi 4 Lampd 150 000 € € € 54 5 49 6 3081€| 10 3% 5% 10 v

D_ ¥ investointi 5 Lampd 40 000 € € € 42 4 37| o 1069€| 7 2% 1% 7 I

72 investointi 6 Lampd 80 000 € € € 268 2 266 3 300 € 3 14 % 3% g v

- ¥ investointi 7 Lampd 50 000 € € € 268 2 266 3 188 € 2 14 % 2% 2 I

C 72 investointi 8 Lampd 50 000 € € € 337 34 303 2 165€ 1 16 % 2% 1 v

m r investointi 9 Lampd 45000 € € € 28 6 22 | 10 2035€ 9 1% 1% 9 |

§ r investointi 10 Lampd 20 000 € € € i 2 4|11 1456 € 8 1% 1% 8 (]

r investointi 11 Lampd 1300000€ | 1300000€ € 720 50 670 1 3881€| 11 35% 83 % 11 |
J
Key performance —
- o2
Indicators
-
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Conclusions

* The aim of the developed investment comparison methods is to
Increase transparency in decision making and to ensure
development of actually problematic targets not only the latest
problems

* The method can be used in the decision-making of a
management group that needs structured and comparable
Information about investment proposals from different
departments/functions/business units.

= Although the method provides an investment portfolio created
according to the given objectives and constraints, it is not
Intended to be adopted without further consideration.
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VIr

Utilization of expert judgements in investment
decision making

= Data input assumes concensus expert judgements

= Experts give their judgements related to systems of their own
companies

= Variation between expert judgements is small

= How to consider expert judgements when the best experts have
own interest to overestimate benefits/criticality of proposals from
their own department?

= [ntentional or unintentional

10/11/2016 24






Market demand and competitive analysis

Strong

Trend of
Market Demand

Weak

-

10/11/2016

Life Cycle of Investment
(years)

6 6 10| 10 | 10| 10 | 10

6 6 6 | 10 | 10| 10 | 10

3 6 6 6 10 | 10 | 10

3 3 6 6 6 | 10 | 10

3 3 3 6 6 6 10

3 3 3 3 6 6 6

3 3 3 3 3 6 6

Weak Strong

Competitive Position
of Company

Market demand—competitive
position matrix for the
determination of an investment’s
economic life cycle
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