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… start with the creation of a reliability, 
availability and maintainability value map
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VALUE

VALUE

REVENUE
•
•

CAPABILITY
•

income from 
selling mined 

minerals

sale of 
consumer 

goods
military 
vehicles

emergency 
equipment

money based benefit function based benefit

REVENUE
•
•

CAPABILITY
•

VALUE

benefit is based 
on money

benefit is based 
on functionality

… which can be 
difficult to 

conceptualize
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REVENUE
•
•

CAPABILITY
•

VALUE

COST OF RAISING CAPITAL
•

VALUE

… such as the 
Weighted 

Average Cost of 
Capital (WACC)

… this is market-based – if security holders believe they are not being 
paid enough for their capital they invest their money elsewhere
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OPPORTUNITY COST
•

COST OF RAISING CAPITAL
•

VALUE

… such as the 
Weighted 

Average Cost of 
Capital (WACC)

… a characteristic of management 
decision making

VALUE

COST OF RAISING CAPITAL
•

OPPORTUNITY COST
•
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PROCUREMENT COST
•

DEPRECIATION
•

… they amount of money that can (hypothetically) be 
generated from the sale of the asset

… the asset will 
have specific cost, 

reliability and 
other 

characteristics

… which is often a 
function of 

reliability
VALUE

REMEDIATIONPREVENTION

preventive 
maintenance (PM)

condition based 
maintenance (CBM)

corrective 
maintenance (CM)

feature based 
maintenance (FBM) DAMAGES

… cost of 
insurance

VALUE

corrective 
maintenance (CM)

… this can be the actual cost of 
maintenance particularly in an 

asset management or managed 
service provider setting 

… it could be the warranty costs in a manufacturer setting…
𝑤𝑎𝑟𝑟𝑎𝑛𝑡𝑦 𝑐𝑜𝑠𝑡 = 1 − 𝑅௪ × 𝑛 × 𝑐

where 𝑅𝑤 is the warranty reliability, 𝑛 is the number of units 
sold and 𝑐 is the expected warranty cost

16

17

18



2020-06-25

7

VALUE
REMEDIATION

REVENUE

CAPITAL COST

OPPORTUNITY COST

PROCUREMENT DEPRECIATION

PREVENTION

condition based 
maintenance (CBM)

feature based 
maintenance (FBM)preventive 

maintenance (PM)

CAPABILITY

DAMAGESmaintenance (CM)
corrective 

maintenance (CM)

… they are based on relatively 
‘certain’ characteristics and 

parameters

VALUE
REMEDIATION

REVENUE

CAPITAL COST

OPPORTUNITY COST

PROCUREMENT DEPRECIATION

PREVENTION

condition based 
maintenance (CBM)

feature based 
maintenance (FBM)preventive 

maintenance (PM)

CAPABILITY

DAMAGESmaintenance (CM)
corrective 

maintenance (CM)
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VALUE
REMEDIATION

REVENUE

CAPITAL COST

OPPORTUNITY COST PREVENTION

feature based 

CAPABILITY

DAMAGESmaintenance (CM)
corrective 

maintenance (CM)

TIME TO MARKET (or SCHEDULE)
•

MARKET SHARE
•

VALUE
REMEDIATION

REVENUE

CAPITAL COST

OPPORTUNITY COST PREVENTION

feature based 

CAPABILITY

DAMAGESmaintenance (CM)
corrective 

maintenance (CM)

TIME TO MARKET (or SCHEDULE)
•

MARKET SHARE
•

… these are business characteristics that are 
based on corporate judgment and estimates …

… hence they are called ‘soft’

VALUE
REMEDIATION

REVENUE

CAPITAL COST

OPPORTUNITY COST PREVENTION

feature based 

CAPABILITY

DAMAGESmaintenance (CM)
corrective 

maintenance (CM)

TIME TO MARKET (or SCHEDULE)
•

… these are business characteristics 
that are based on corporate 
judgment and estimates …

… hence they are called ‘soft’

MARKET SHARE
•

reputationmarketing

new customer lost customerreturn customer

… return and lost customer perceptions are based on 
the performance of the system or product … more 

than marketing

22

23

24



2020-06-25

9

MARKET SHARE
•

reputation

new customer return customer lost customer

marketing

MARKET SHARE
•

new customer

marketing

return customer lost customer

reputation
which one would 

you buy?

VALUE
REMEDIATION

REVENUE

CAPITAL COST

OPPORTUNITY COST PREVENTION

DAMAGESmaintenance (CM)
corrective 

maintenance (CM)

feature based 

CAPABILITY

MARKET SHARE

TIME TO MARKET (or SCHEDULE)
•

reputation

marketing
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VALUE
REMEDIATION

REVENUE

CAPITAL COST

OPPORTUNITY COST PREVENTION

DAMAGESmaintenance (CM)
corrective 

maintenance (CM)

feature based 

CAPABILITY

MARKET SHARE

reputation

marketing

TIME TO MARKET (or SCHEDULE)
•

assurance

analysistesting

confidence limits requirements

VALUE
REMEDIATION

REVENUE

CAPITAL COST

OPPORTUNITY COST PREVENTION

DAMAGESmaintenance (CM)
corrective 

maintenance (CM)

feature based 

CAPABILITY

MARKET SHARE

reputation

marketing
TIME/SCHEDULE

confidence limits

testing analysis

requirements

VALUE
REMEDIATION

REVENUE

CAPITAL COST

OPPORTUNITY COST

PROCUREMENT DEPRECIATION

PREVENTION

condition based 
maintenance (CBM)

DAMAGES

corrective 
maintenance (CM)

corrective 
maintenance (CM)

feature based 
maintenance (FBM)preventive 

maintenance (PM)

CAPABILITY

MARKET SHARE

reputation

marketing
TIME/SCHEDULE

confidence limits

testing analysis

requirements

VALUE
REMEDIATION

REVENUE

CAPITAL COST

OPPORTUNITY COST

PROCUREMENT DEPRECIATION

PREVENTION

condition based 
maintenance (CBM)

DAMAGESmaintenance (CM)
corrective 

maintenance (CM)

feature based 
maintenance (FBM)preventive 

maintenance (PM)

CAPABILITY

MARKET SHARE

reputation

marketing
TIME/SCHEDULE

confidence limits

testing analysis

requirements

exam ple 
reliability, 

availability and 
m aintainability 

(RAM ) value 
m ap
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exam ple 
reliability, 

availability and 
m aintainability 

(RAM ) value 
m ap

VALUE
REMEDIATION

REVENUE

CAPITAL COST

OPPORTUNITY COST

PROCUREMENT DEPRECIATION

PREVENTION

condition based 
maintenance (CBM)

DAMAGESmaintenance (CM)
corrective 

maintenance (CM)

feature based 
maintenance (FBM)preventive 

maintenance (PM)

CAPABILITY

MARKET SHARE

reputation

marketing
TIME/SCHEDULE

confidence limits

testing analysis

requirements

exam ple 
reliability, 

availability and 
m aintainability 

(RAM ) value 
m ap

VALUE
REMEDIATION

REVENUE

CAPITAL COST

OPPORTUNITY COST

PROCUREMENT DEPRECIATION

PREVENTION

condition based 
maintenance (CBM)

DAMAGESmaintenance (CM)
corrective 

maintenance (CM)

feature based 
maintenance (FBM)preventive 

maintenance (PM)

CAPABILITY

MARKET SHARE

reputation

marketing
TIME/SCHEDULE

confidence limits

testing analysis

requirements… for example, preventive 
maintenance is conducted 

because of and to 
influence corrective 

maintenance
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VALUE
REMEDIATION

REVENUE

CAPITAL COST

OPPORTUNITY COST

PROCUREMENT DEPRECIATION

PREVENTION

condition based 
maintenance (CBM)

DAMAGESmaintenance (CM)
corrective 

maintenance (CM)

feature based 
maintenance (FBM)preventive 

maintenance (PM)

CAPABILITY

MARKET SHARE

reputation

marketing
TIME/SCHEDULE

confidence limits

testing analysis

requirements

maintenance (CM)
corrective 

maintenance (CM)

marketing

… warranty 
reliability (𝑅𝑤)

… warranty repair 
cost

+

… warranty 
period

+
… number of customers seeking 

long warranty

E
X

A
M

P
L

E

what are the expected warranty costs?
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E
X

A
M

P
L

E

… the hazard or failure rate is the expected number 
of failures per unit time … such as failures per year

E
X

A
M

P
L

E

ha
za

rd
 (o

r f
ail

ur
e)

 ra
te

years

‘infant mortality’ 
failures generally 
associated with 
manufacturing 

defects

E
X

A
M

P
L

E

ha
za

rd
 (o

r f
ail

ur
e)

 ra
te

years

‘wear-out’ or 
degradation 

failures
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E
X

A
M

P
L

E

ha
za

rd
 (o

r f
ail

ur
e)

 ra
te

years

reliability - 𝑅
( 𝑡)

… the black line is 
the reliability 

function defined by 
the hazard rate 

curve

E
X

A
M

P
L

E

ha
za

rd
 (o

r f
ail

ur
e)

 ra
te

years

reliability - 𝑅
( 𝑡)

warranty reliability 
of 92.4%

warranty period 
of 2 years

E
X

A
M

P
L

E

 𝑤𝑎𝑟𝑟𝑎𝑛𝑡𝑦 𝑐𝑜𝑠𝑡 = 1 − 𝑅௪ × 𝑛 × 𝑐

𝑅𝑤 𝑛
𝑐

 = 1 − 0.924 × 10 000 × $ 125

 = $95 000
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E
X

A
M

P
L

E

𝑉 = − 1 − 𝑅௪ × 𝑛 × 𝑐

E
X

A
M

P
L

E

𝑅𝑤
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E
X

A
M

P
L

E

year

pe
rc

en
ta

ge
 of

 sa
les

 re
ve

nu
e
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E
X

A
M

P
L

E

year

pe
rc

en
ta

ge
 of

 sa
les

 re
ve

nu
e

… the effect of cost-cutting on build quality 
is clearly evident in increased warranty costs

the Global Financial Crisis placed 
companies under financial strain

E
X

A
M

P
L

E

year

pe
rc

en
ta

ge
 of

 sa
les

 re
ve

nu
e

… perhaps due to the 
increasing functionality 
(‘smart’ features) and by extension –

more complexity?

the reason for 
recent 

increases in 
accruals and 

costs is 
unclear …

E
X

A
M

P
L

E

year

pe
rc

en
ta

ge
 o

f s
ale

s r
ev

en
ue

for typical profit margins of 5 to 10 per 
cent, 1 to 2 per cent of revenue dedicated 

to warranty is a major cost driver
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E
X

A
M

P
L

E

year

pe
rc

en
ta

ge
 of

 sa
les

 re
ve

nu
e

‘satisfactory’ warranty percentages 
can range from 1 to 10 per cent (the 
computer industry is around 5 per 

cent)

1       2       3       4      5       6      7       8      9

100%

fa
ilu

re
 ra

te

years

12.6%!!
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wa
rra

nt
y c

os
t

($ 
m

illio
ns

 pe
r y

ea
r)

200

100 actual

what it
would

have been$ 808 million saved

1       2       3       4      5       6      7       8      9

years

… start with ‘lost customers’

MARKET SHARE
•

reputationmarketing

new customer lost customerreturn customer
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MARKET SHARE
•

reputationmarketing

new customer lost customerreturn customer

MARKET SHARE
•

reputationmarketing

new customer lost customerreturn customer

customers 
with warranty  

claims

satisfied

neutral

dissatisfied

30%

50%

20%

can be estimated 
from historical 

warranty reliability 
estimates

estimated breakdown 
of customer 
satisfaction

customers 
with other 

issues

satisfied

neutral

dissatisfied

complain

don‘t complain

55% 40%

40%

20%

45%

note that products 
are expected to 
operate beyond 

warranty periods …

… and this affects 
customer perception
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customers with no complaints

… note that a fraction of customers with no 
complaints will not repurchase an organization’s 

product …

… this is referred to as ‘natural attrition’

… note that a fraction of customers with 
no complaints will not repurchase an 

organization’s product …

… this is referred to as ‘natural attrition’customers with no complaints

cu
rr

en
t c

us
to

m
er

s

7%

12%

81%

customers 
with warranty  

claims

customers 
with other 

issues

complain

don‘t complain
45%

55%

30%

50%

20%

satisfied

neutral

dissatisfied

satisfied

neutral

dissatisfied

20%

40%

40%

13 % 0.01

23 % 0.03

90 % 0.06

14 % 0.01

20 % 0.03

83 % 0.06

80 % 0.04

12 % 0

customers with no complaints

cu
rr

en
t c

us
to

me
rs

7%

12%

81%

customers 
with warranty  

claims

customers 
with other 

issues

complain

don‘t complain
45%

55%

30%

50%

20%

satisfied

neutral

dissatisfied

satisfied

neutral

dissatisfied

20%

40%

40%

13 % 0.01

23 % 0.03

90 % 0.06

14 % 0.01

20 % 0.03

83 % 0.06

80 % 0.04

12 % 0

2.1 % 13 % 0.01

3.5 % 23 % 0.03

1.4 % 90 % 0.06

1.3 % 14 % 0.01

2.6 % 20 % 0.03

2.6 % 83 % 0.06

5.4 % 80 % 0.04

81 % 12 % 0

19.28 % 0.00677

cu
rr

en
t c

us
to

m
er

s

customers 
with warranty  

claims

customers 
with other 

issues

customers with no complaints

satisfied

neutral

dissatisfied

satisfied

neutral

dissatisfied

complain

don‘t complain

7%

12%

81%

45%

55%

30%

50%

20%

20%

40%

40%

baseline … 
for every 

customer, 0.12 are 
not repurchasing

actual … 
for every customer, 0.20 

are either not 
repurchasing or not 

considering purchasing 
due to poor ‘word of 

mouth’
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customers with no complaints

cu
rr

en
t c

us
to

m
er

s

7%

12%

81%

customers 
with warranty  

claims

customers 
with other 

issues

complain

don‘t complain
45%

55%

30%

50%

20%

satisfied

neutral

dissatisfied

satisfied

neutral

dissatisfied

20%

40%

40%

13 % 0.01

23 % 0.03

90 % 0.06

14 % 0.01

20 % 0.03

83 % 0.06

80 % 0.04

12 % 0

2.1 % 13 % 0.01

3.5 % 23 % 0.03

1.4 % 90 % 0.06

1.3 % 14 % 0.01

2.6 % 20 % 0.03

2.6 % 83 % 0.06

5.4 % 80 % 0.04

81 % 12 % 0

19.28 % 0.00677

cu
rr

en
t c

us
to

m
er

s

customers 
with warranty  

claims

customers 
with other 

issues

customers with no complaints

satisfied

neutral

dissatisfied

satisfied

neutral

dissatisfied

complain

don‘t complain

7%

12%

81%

45%

55%

30%

50%

20%

20%

40%

40%

baseline … 
for every 

customer, 0.12 are 
not repurchasing

actual … 
for every customer, 0.20 

are either not 
repurchasing or not 

considering purchasing 
due to poor ‘word of 

mouth’

… which is $ 11 938 in lost profit if (for 
example) the profit per sale is $ 15

… start with conducting 
sensitivity analysis
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… changes in this 
value (currently 12 
per cent) will have 

the biggest 
impact in terms 
of ‘reputation 

cost’

… and it also means that (as it stands) 
reducing this percentage will have the 

biggest positive benefit on reputation cost

… so where do we ‘stop’ analysis – in terms of trying 
to model reliability value?

… typically, after you have made your business case 
(which starts on ‘hard cost drivers’)
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… but what happens when we need to take into more 
performance characteristics than reliability metrics?

… for example – how do we compare the value of expensive but 
reliable systems to inexpensive but faulty ones?
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