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d IEC 60300-3-3 has been prepared by IEC technical committee 56:

This second edition cancels and replaces the first edition published in 1996, and constitutes a
full technical revision.

This edition expands upon the technical guidance in response to requests from practitioners.
The examples in particular have been enhanced.

The text of this standard is based on the following documents:

FDIS Report on voting
56/942/FDIS 56/962/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IEC 60300 consists of the following parts, under the general title Dependability management:

Part 1: Dependability management systems
Part 2: Dependability programme elements and tasks

Part 3: Application guide

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the dafaTetatedto the SPECITIC PUDIICation. At s ddale, the pubDlCation wil

* redonfirmed;

thdrawn;

* replaced by a revised edition, or
+ amgended.

® w

A bilingual version may be issued at a later date.

@C‘@
3
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INTRODUCTION

Products today are required to be reliable. They have to perform their functions safely with no
undue impact on the environment and be easily maintainable throughout their useful lives.
The decision to purchase is not only influenced by the product's initial cost (acquisition cost)
but also by the product's expected operating and maintenance cost over its life (ownership
cost) and disposal cost. In order to achieve customer satisfaction, the challenge for suppliers
is to design products that meet requirements and are reliable and cost competitive by
optimizing acquisition, ownership and disposal costs. This optimization process should ideally
start at the product's inception and should be expanded to take into account all the costs that
will be mcurred throughout its lifetime. All deC|S|ons made concermng a products de3|gn and

manufa maintenance
suppoft requwements etc., and ultimately determlne |ts price and owngrshi sposal
costs.

Life cycle costing is the process of economic analysis to assess the to fof {isition,
g i i i ' cision-
igrs can

making disposa P oduc

optimize their designs by evaluation of alternatives and by performing. ttade-off ‘studieq. They
can evjaluate various operating, maintenance and disposal t product|users)
to optimi i . Li i i dpplied to evaluate
the cogts associated with a specific activity, for exampls different mainténance
concepts/approaches, to cover a specific part of a produ ase or
phases$ of a product’s life cycle
Life cylcle costing is most effectively appliedNin™t garly design phase to optimize
the bgsic design approach. However, i ‘ be updated and used duripg the
subseq i isk.
The n brmally
depen life cycle costing provides a useful input to
design

any deésign decision-n
procesls, to the tf



https://iecnorm.com/api/?name=bbbc7a3476ea97eafc4eda52e97405ce

60300-3-3 © |IEC:2004(E) -7-

DEPENDABILITY MANAGEMENT -

Part 3-3: Application guide —
Life cycle costing

This s
produd
approdches involved. It also identifies typical life cycle cost el
programme planning.

General guidance is provided for conducting a life ¢
model [development. lllustrative examples are provid

2 Normative references

The following referenced documents &
For dafed references, only the edition
of the feferenced document (includ

IEC 6Q050-191:1990,

ability and qualiz@

IEC 60300-3-12, De
logistid

IEC 61
terms

IEC 62 wvanagement — Application guidelines

3 Tdrms and definitions

iers of

deneral
jact and

le cost

ument.
edition

epend-

grated

upport

For the purposes of this document, the terms and definitions given in IEC 60050-191 and

IEC 61703, together with the following definitions, apply.

31
life cycle
time interval between a product’s conception and its disposal

3.2
life cycle costing

process of economic analysis to assess the life cycle cost of a product over its life cycle or a

portion thereof
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3.3

life cycle cost

LCC

cumulative cost of a product over its life cycle

3.4
base date
fixed point in time set as the common cost reference

4 Life cycle costing

004(E)

41 Dbjectives of life cycle costing

Life cycle costing is the process of economic analysis to assess the, total co
ownership and disposal of a product. It can be applied to the wholg
to partp or combinations of different life cycle phases.

The primary objective of life cycle costing is to provide inp
phases$ of a product’s life cycle.

An important objective in the preparation of LCC mpde
major jmpact on the LCC or may be of special
important is to identify costs that may ofily influe

The mpre common types of decisions to
includg, for example:

— evagluation and compadhi
teghnologies;

- id ntificationif{:} '
— evaluation a C

L of ‘acqdisition,
oduct or

y or all

have a
Fqually

5 input

bptions

, test,

inspection, mai

— evaluation and on~of different approaches for replacement, rehabilitafion/life
exfensio

— allgpcation\of available funds among the competing priorities for product development/
imprQvemen

— ass$essmentOf produet assurance criteria through verification tests and its trade-off;

— long-tepm fina

Life cyclevcosting can be used to provide input to integrated logistic support analysis. See

IEC 60300-3-12 for detailed information on integrated logistic support analysis.

4.2 Product life cycle phases and LCC

Fundamental to the concept of life cycle costing is a basic understanding of a product life

cycle and the activities that are performed during these phases. Also essential
understanding of the relationship of these activities to the product performance,
reliability, maintainability and other characteristics contributing to life cycle costs.

There are six major life cycle phases of a product as follows:

a) concept and definition;
b) design and development;
¢) manufacturing;

is an
safety,
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d) installation;

e) operation and maintenance;

f) disposal.

The appropriate life cycle phases, or parts or combinations of these phases, should be
selected to suit the special needs of each specific analysis. In a general way, the total costs
incurred during the above phases can also be divided into acquisition cost, ownership cost
and disposal cost.

LCC = Cost,equisition + COStownership * COStyisposal

Acquisition costs are gpnprally visible and can be rpadily evaluated hefare the acquisition
decisign is made and may or may not include installation cost.
The ownership costs, which are often a major component of LCC exceed
acquisjtion costs and are not readily visible. These costs are diffictlt t ay also
include the cost associated with installation.
Dispodal costs may represent a significant proportion of fota equire
activities during the disposal phase that for major proj NOR eay’ power sfations,
involvg a significant expenditure.
Figure|1 shows the life cycle phases of should
be addressed by a life cycle costing
N N\
Cdncept and Design and . | Ilati Operation and .
definition e\/Légapment Magufasiurin nstallation maintenance Disposal
<k&\\> r i
o|New i \/> Design trade-offs ® System integration and * Retirement cost impact
verification
o|Analysis of. s ® Source selection * Rehplacement/renewal
concept and-opti Cont deh e Cost avoidance/cost schemes
® Configuration and change reduction benefits !
o|Praductselection controls * Dllsposal and salvage
® Operating and value
L4 Tcuimuiugy setection +Fest bualcgiub mainienance cost
.. ) monitoring
® Make/buy decisions ® Repair/throwaway
) ) decisions e Product modifications and
® |dentify cost drivers service enhancements
® Performance tailoring
® Construction assessment * Maintenance support
S rt strategi ;
OManufacturabiIity * Support sirategles respu_rce_allocatlon and
assessments ® New product introduction optimization
® Warranty incentive
schemes
IEC 715/04

Figure 1 — Sample applications of life cycle costing


https://iecnorm.com/api/?name=bbbc7a3476ea97eafc4eda52e97405ce

-10 - 60300-3-3 © IEC:2004(E)

4.3 Timing of LCC analysis

Early identification of acquisition, ownership and disposal costs enables the decision-maker to
balance dependability factors against life cycle costs. Decisions made early in a product’s life
cycle have a much greater influence on LCC than those made later in a product’s life cycle.
Experience has shown that by the end of the concept and definition phases, more than half of
a product's LCC may be committed by decisions. The opportunity to perform trade-offs
becomes increasingly limited as the product advances in its life cycle.

Life cycle costing may address the whole life cycle of a product or only part of it. The life
cycle costing should be tailored to suit a particular product/project in order to obtain the
maximum benefit from the analysis effort.

4.4 Pependability and LCC relationship
4.41 General

Depenpability of a product is the collective term used to desgfi
performance and its influencing factors, i.e. reliability perfor
ance jmd maintenance support performance. Performangceé™i

lability
Irform-

ave a
and/or

signifigant impact on the LCC. Higher initial costs ma
maint

costs.

Depenfability considerations should be. an i al pa d LCC
evaluations. These considerations should i roduct
specifications, and be continually evalua \ desi btimize

produdt design and the life cycle cost.

4.4.2

Costs pssociated with de

— sygtem recm@/rr:;o
— préeventive maintena

— COf

Figure
costs.
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Symbol{

4.4.3
4.4.3.1

When
incurrg

In

techniques to determine costs of adverse impacts on the company's:

T pep—

zx [(average cost of maintenance support per failure
(MPHsite X cost/h) + (MPHworksHop X cost/h)
(average cost of spares per failure)]

JZAN

A

Damage to image and reputat
service provision, warranty cos

wat[
liability cost;

CO9

t\due to loss of revenue;

AN }(7(
S

91).

| |
| Availability |
} U 4 |
| |
: | || I :4— Dependability
|| Reliability Maintainability Maint. support | |
! MTTF MRT MLD, MAD !
| |
e SRS RO PR
y
Eail Replaceable
a}[ ures )| Repairs Preventative | p,| units, spares _,\ _ Cost OE ]
maintenan ancHacititres investmant for
— ¢ P —\/ logisticsupport
. AN
Quantity x ((MPH x cost/h) +
(material cost per unit)) ost of p @
maintenance
v v A AN

Mcorrective

maintenance

Consequential
cost

IEC 7]

eCcomes unavailable, a series of consequential costs n
include:

116/04

hay be

costs for providing an alternative service.

addition, further consequential costs should be identified by applying risk analysis

image,
reputation,
prestige,

which in turn may result in loss of clients.
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Costs of recovering from, or mitigating against these risks should be included in
consequential costs.

In most cases, these costs are difficult to assess, but sometimes it is possible to quantify
them. For example, these costs may be estimated based on publicity campaign costs and
costs of marketing efforts or compensations in order to retain the clients. Where applicable,
these costs should be accounted for.

The unavailability of a product can significantly affect its LCC. Therefore, the availability
performance of a product and associated life cycle cost needs to be optimized. With
increasing reliability (all other factors held constant), the acquisition costs will generally

increage but maintenance and support costs will decrease. The LCC is eptimized wHen the
incre:jental increase in acquisition costs due to reliability improyv Is the
incremental savings in maintenance and support costs, and in co . At a
certain point, an optimum product reliability, which corresponds to the cost, is
achievgd.

It shoyld be noted that the results of LCC calculations might 3 served
costs. |This is because there are many influencing randé mental
conditipns and human errors during operation, whic accurately modelled| in the
calculgtions.

Enviropmental issues, as well as traditional : to be
considered in LCC calculations. Thefefore ' c d rank
envirophmental consequences of different activities. bases
for eny ing

4.4.3.2 Warranty costs

Warranties provide pro recting
produdt failures, in pa ost of
warranties is usu b nability
and m intenanc@p ¢ the product. Suppliers can exercise sigfificant
contro| over thesechara design and development, and manufacturing phases
thus influencing the\w

Warranties imited period of time, and a number of conditions generally
apply. de protection against consequential costs incurred py the
custom

Warranties may be supplemented or replaced by service contracts whereby the sppplier
performs, ¢dnsaddition to any arrangements made by the customer, all preventiyje and
corrective’maintenance for a fixed period of time that can be renewed for any period ug to the

nrod etime ntheg e S hg nplie e mo ed to b d —obhtimum

4.4.3.3 Liability costs

A liability will arise where, for example, a supplier fails to comply with his legal obligations.
The cost of compensating for a breach of the law needs to be considered as part of the LCC.
This is especially important in the case of products that have a high potential to cause human
injury and/or environmental damage. Liability costs are also important for new products for
which risks involved may not be fully apparent and/or well understood. Where required, a risk
analysis, together with past experience and expert judgement, may be used to provide an
estimate of these costs. For guidance on risk analysis, see IEC 62198.
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4.5 LCC concept
4.5.1 General

An LCC model, like any other model, is a simplified representation of the real world. It
extracts the salient features and aspects of the product and translates them into cost
estimating relationships. In order for the model to be realistic, it should:

a) represent the characteristics of the product being analysed, including its intended use
environment, maintenance concept, operating and maintenance support scenarios as well

as any constraints or limitations;
be C;

aking,

f LCC

fituting

study,

dthe conditions undelnl which
e. Before selecting a model,
entifiedNogether with the results expectgd from
odel is needed to review it sp as to
relationships, elements and other
efore using any existing LCC model, it
ng study under consideration. To do this,
known example, along with the opernational
to which the model provides realistic resylts.

using
determ
consta
should
the co
scenar

Many
For s\
enhan¢
these

y long life, for example buildings or power stations.
s, for instance for functional changes or product
during the life of the product and techniques to dgal with

LCC m
= CO<
- p
— seleetion of cost categories,

=

q akdown structure,

— selection of cost elements,
— estimation of costs,
— presentation of results.

When applicable it may also include:

— environmental and safety aspects,

— uncertainties and risks,

— sensitivity analysis to identify cost drivers.

The cost breakdown structure presents a breakdown of costs incurred over the major phases

(or phases of interest) of the life cycle of a product. Annex C includes examples of
presentation of costs related to cost breakdown structure.
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The product/work breakdown structure is composed of a detailed breakdown of hardware,
services and data identifying all major tasks and supporting work packages. Annex E gives an
example of a product breakdown structure and LCC summary for a railway vehicle.

Detailed expressions for costs for the different phases can be developed separately. The cost
elements, factors, etc. should have unique identities. In a situation where analyses cover
several phases, the identities of cost elements, factors, etc. should be unique in the total LCC
model. It is normally an advantage to maintain the product/work breakdown structure unvaried
for the particular study.

4.5.2 LCC breakdown into cost elements

In orde¢r to estimate the total life cycle cost, it is necessary to break do C into
its corfstituent cost elements. These cost elements should be individu 50 that
they cpan be distinctly defined and estimated. The identification o d their
corresponding scope should be based on the purpose and scope of<th

The cpst element is the link between cost categories and\ the Q! kdown
structyre. The selection of cost elements should be relatec i roduct,
as wej as to the cost categories of interest in accordance kdown
structure. See the example in Annex C.

olves the breakdown of the
le phases. This approagh can
atrix shown in Figure 3. This|matrix

One approach often used to identify the required
produdt to lower indenture levels, cost categefie
best b illustrated by the use of a tf i
involvgs identification of the following asp

— brgakdown of the product to low (i.e. the product/work bregkdown

struicture);

— thg time in the life c ivity is to be carried out (i.e. the life cycle
phases);

— thg cost categor i €) resouyces such as labour, materials, fuel/gnergy,
ovérhead, tr ati i.e.the cOst categories).

This k a high

level o

Annex

An example § icle is
preser 3

Costs [associated with LCC elements may be further allocated between recurring and non-
recurri g—costs—so that-the—totatof—att |cuuui||y and IIUII‘IUbuII;IIy costs cquab te€. LCC
elements may also be estimated in terms of fixed and variable costs. The latter costs, for
example, will vary with the number of copies of the product to be produced and put into use.

To facilitate control and decision making, and to support the life cycle cost process, the costs
information should be collected and reported to be consistent with the defined LCC
breakdown structure. A database should be established and maintained to capture results of
previous LCC studies in order to serve as a source of experience feedback.
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4.5.3
4.5.3

Examgles of methods tha

— engineering cost

— pafametric cos; 7

— analogous c

1 General

Cost
categories
Product/work [ e S
breakdown I
structure I s e N
s — [ 1——
N\
\\

\V\/ cost

Life cycle phases

Power supply

IEC 717

Figure

Estimation of cost

Examgles of applicatio

When |carryi

method

In order to reduce different types of uncertainties involved in the analyses, it sho

possible to~perform

ensitivity analyses, for example by introducing minimum and m4g

values|ta the parameters of the model into the cost estimation equations.

4.5.3

clude:

these

uld be
Ximum

.2 Engineering cost method

When using the engineering cost method, the cost attributes for the particular cost elements
are directly estimated by examining the product component by component or part by part.
Often, standard established cost factors, e.g. the current engineering and manufacturing
estimates, are used to develop the cost of each element and its relationship to other
elements. Older estimates available may be updated to the present time by the use of
appropriate factors, e.g. annual discounting and escalation factors.

The engineering cost method can be illustrated by the following example concerning the cost
related to a recurring cost element:
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The labour cost for the manufacture of a power supply is to be estimated. The following
information is given:

Product: power supply

Life cycle phase: manufacturing phase

Cost category: labour cost.
According to detailed assessment of manufacturing steps provided by the manufacturing
department, the time consumption for the production of one unit of the particular power supply

is 38,80 person hours. Suppose the labour cost is currency unit (CU) 54,50/person hours. The
total labour cost for the production of one unit is then 38,80 x 54,50 = CU 2 114,60.

4.5.3.3 Analogous cost method

In this|method, cost estimations based on experience from a similag’prod gy are
used. Historical data, updated to reflect cost escalation, effects of tec advancés, etc.
are ut|lized. This technique may be one of the least comp ; suming
methodis. It is easily applied to components of the product fo g expegrience
and adtual data.

The analogous cost method can be illustrated by thg following hate of
the copt for parts and materials for a power su i < power
unit, isjused.

The following information is given:

Prqduct: power supply
Lif¢ cycle phase: manufacturing p as%

Cost category:

For a somewha ts and

materi

The ca

Theref

4.5.3.4 Parametric cost method

The parametric—tost—method—uses parameters and—varrabtes todevetop—Ttost—estimating
relationships. The method might be used differently in other areas.

The relationships are usually in the form of equations where, for example, person hours are
converted into costs.

An example of the parametric cost method used for a calculation of active corrective
maintenance cost for a subsystem P4, is given in Figure 4.
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A

Product breakdown
structure (P)

Pmax

Cost element (CE): R7; P14

Rio is the labour cost, workshop (recurring);
P14
Costo bsystem P4, for a 10 year period =
Co 14) * Cost(Rqg: Pq4) + Cost(Rq5: Py4)} x 10
NOTE is defined in IEC 60050(191), see definition 191-08{07 and
Figure 1
where, j elated to element (R;; P44) is calculated as follows:
Co is the~lapour cost, active corrective maintenance at site for sub-system P,
Copt(R7: 14 X ZP 44 X C x n X MRT cost/year
where

QP4 is the quantity or number of items, in this example QP44 = 1;
ZP44 is the expected number of failures/year for subsystem P,;
CL is the labour cost/hour;

n is the number of persons required to carry out the repair;

MRT is the mean repair time in h/action.
Assume:

QP44 = one item /system
ZP 4 = 0,3 failures/year
C_ = CU 50/hour

n = one person
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MRT = 2,4 h/action.
Then
Cost(R7:P44) =1x0,3x50x 1x2,4=CU 36/year.

To calculate the labour cost over 10 years, the result should be multiplied by 10 (ignoring the
effects of inflation, etc.).

If different factors, for instance inflation or discounting, have to be taken into account, this
could be included in the estimation of cost related to each element or at a higher cost element
level in the LCC model.

Cost(Rlyq; P14), etc. are calculated in a similar way.

4.5.4 Sensitivity analysis

In ord brmed.

To fac such a
mann this is
autom
It may bution.
The L(

4.5.5

Severa money
changI eed to
be taken into account.

Annex|B introduc sed to

take a¢count of the

4.6

4.6.1

The life bciated
with aq roduce

results| which~can be’usefully and correctly employed, any life cycle costing analysis [should

be conldudeted in a structured and well-documented manner using the following steps:

a) life cycle costing plan (including definition of life cycle costing objectives);
b) LCC model selection or development;

c) LCC model application;

d) life cycle costing documentation;

e) review of life cycle costing results;

f) analysis update.
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The above steps may be carried out in an iterative fashion if efforts at any stage indicate a
need to revisit and modify work accomplished at earlier stages. Assumptions made at each
step should be rigorously documented to facilitate such iterations and to aid interpretation of
the results of the analysis.

Life cycle costing is a multidisciplinary activity. The analysts should be familiar with the basic
principles of life cycle costing (including typical cost elements, sources of cost data and
financial principles), and should have a clear understanding of the methods of assessing the
uncertainties associated with cost estimation. Depending upon the scope of the analysis, it
will be important to obtain cost inputs from individuals who are familiar with all phases of the
product life cycle. This may include representatives of both the supplier(s) and the
custonyer{sy:

4.6.2 Life cycle costing plan

Life cycle costing should begin with the development of a plan which add yurpose
and scpe of the analysis. The plan should address the following elem :

a) Define the analysis objectives in terms of the outpu q e i by the
analysis and the decisions as to which outputs will sed ‘ alysis.
Typical objectives include:

— | determination of the LCC for a product i
budgeting or similar needs;

acting,

- aches,
C of a
- duct in
b) Defi period
(life gupport
scenario to be.emp
c) ldg ch as
mir|| | cost
lim|
d) Id¢g ative action to be evaluated (if it is a part of the apalysis
objective]. The_h sed alternatives may be refined as new options are ideptified,

e) Prq e e ob resources required and a reporting schedule for the analysis, to
i sis results will be available in a timely manner to support the

de :ision-ma' g processes for which they are required.

The anmalysis plan should be documented at the beginning of the LCC analysis progess to
provudkmwmmﬁmmmrmm%rs of

the analysis results, both from a customer and a supplier perspective, to ensure that their
needs have been correctly interpreted and clearly addressed.

4.6.3 LCC model selection or development

LCC models of sufficient detail to meet the objectives of the analysis should be selected or
developed taking into account the availability of data and the following factors:

a) degree of selectivity required to discriminate between options;

b) degree of sensitivity required to provide the necessary output accuracy;

c) time available for performing and reporting the life cycle costing analysis.
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4.6.4 LCC model application

Life cycle costing should include the following steps:

a) Obtain data for all of the basic cost elements in the LCC model for all product options,
subsystems and support option combinations.

b) Perform LCC analysis of product operating scenarios defined in the analysis plan.

c) Report analyses with a view to identifying optimum support scenarios.

d) Examine LCC model inputs and outputs to determine the cost elements that have the most
significant impact on the analyses.

e) Quantify any dlfferences in product performance, avallablllty or other relevant constraints
be in the
LCC model outputs.

f) Categorize and summarize LCC model outputs according to an gi Qupings, for
example, fixed or variable costs, recurring or non-recurring costs isiti ership
or halysis
re

g) Copduct sensitivity analyses to examine the impact of assump lement
ung¢ertainties on LCC model results. Particular attentiQ b . jpr cost
conmtributors and assumptions related to product usage ion re e time
value of money.

h) Reyi hat all
goals have been fulfilled and that sufficient j ion ¢ : i ort the
recjluired decision. If the objectiv ] i and/or
modifications to the LCC model may_bereg

The arjalyses, including all assumptions, should\be Its can

be ver{fied and readily replicated by a othﬁalu

4.6.5 Life cycle costing documentatic

The rgsults of the Iife cy ysti ' be documented in a report that allows ugers to

clearly| understap J 1. thé implications of the analysis, including the limi-

tations| and unce 2 W|th he results. The report should contain the following:

a) Exg opsis of the objectives, results, conclusiorls and
reg his summary is intended to provide an overview of the
an akers, users and other interested parties.

b) Pufpose a ol ement of the anaIyS|s objective, product description, in¢luding
a fdefiniti operating and support sceparios;
assu i ints, and alternative courses of action considered in the analysis, as
discussediin)4.6.2. Smce this information is included in the analysis plan, the plan may be
incjudedsin:the mentation as a reference.

c) ons, a

nd the
way in which they were estimated, and a description of the way in which cost elements
were integrated.

d) LCC model application — a presentation of the LCC model results, including the
identification of significant cost contributors, the results of sensitivity analyses and the
output from any other related analysis activities, as discussed in 4.6.4. Annex F illustrates
the use of a spreadsheet for LCC analyses and for presentation of the results.

e) Discussion — a thorough discussion on and interpretation of the analysis results, including
any uncertainties associated with the results, and of any other issues that will assist the
decision-makers and/or users in understanding and using the results.

f) Conclusions and recommendations — a presentation of conclusions related to the

objectives of the analysis, and a list of recommendations regarding the decisions which
are to be based on the analysis results, as well as an identification of any need for further
work or revision of the analysis.
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4.6.6 Review of life cycle costing results

A formal, possibly independent, review of the analysis may be required to confirm the
correctness and integrity of results. The following elements should be addressed:

a) review of the objectives and scope of the analysis to ensure that they have been
appropriately stated and interpreted;

b) review of the model (including cost element definitions and assumptions) to ensure that it
is adequate for the purpose of the analysis;

c) review of the application to ensure that the inputs have been accurately established, that

the model has been used correctly, that the results (including those of sensitivity analysis)
ha a - hoan arlaqnai‘oly avaluated and discussaed and that thgo nhjnr\fi\lnc of tha 2o a|ysis

haye been achieved;
d) review of all assumptions made during the analysis to ensure tha nable,
angl that they have been adequately documented.
4.6.7 Analysis update
It is advantageous in many life cycle costing studies to keep the L € that it
can bg exercised throughout the life cycle of the product: ;) ithay be desirpble to
updatg the analysis results initially based on prelimi i ata with more deetailed
data ap intaining and updating the
LCC model may involve modifications fo the LC : cture and changes o cost
estimating methods as additional infgrmati engvailable, and alteratjons in
assumptions embodied in the model.
The ugdated analysis should be documented.an ginal.
4.7 Uncertainty and risks
LCC if an estimate of the.co isiti v i i its life
cycle. |[As emphasize i cycle
costing depends $ made
in the LCC model and il
Factorp ormation at the beginning of the project, introduction ¢f new
technology o q . e of optimistic estimates in order to justify the project,|use of
unattainable y research and development projects with unprecTctable
results], { essimism, etc. all contribute to uncertainty and risk. Elements such
as prefdicted_inffatio 8, labour, material and overhead costs to be incurred over|a long
period|of timei ture can also cause considerable uncertainty in the results of lif¢ cycle
cost apalysis. Therefore, erroneous conclusions may be drawn and wrong decisions made
due to|thé use of incorrect models, incorrect data and/or the omission of some cost significant
items.

The uncertainty and risk are further compounded by the fact that many important factors
relevant to a decision may not be quantifiable in terms of costs. Value judgements based on
experience should be used to account for such factors. Such value judgements are generally
qualitative. In practice, decision-making based on life cycle cost of a product often involves a
combination of quantitative and qualitative considerations. The quantitative results provide a
baseline reference, whereas qualitative assessments provide reinforcement for further
support of the recommendations and decisions.

In order to reduce the risks involved in quantitative assessment, sensitivity analyses should
be performed, with a range of potential values considered primarily for parameters of
significant cost contributors and other important variables. The results of these sensitivity
analyses should be assessed in detail and the possible range of variation in resultant life
cycle costs determined. The degree of verification of the analysis should be commensurate
with the seriousness of the impact of analysis results and the value of the decision.
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For example, for supporting decisions that require significant expenditures, the analysis may
require verification by independent experienced personnel.

It is important that the specific risks involved and the possible range of variation of life cycle
costing results are brought to the attention of the decision-maker for consideration.

Any decisions made about a product’s design and manufacture can affect its performance,
safety, reliability, maintainability, maintenance support and, ultimately, its acquisition,
ownership and disposal costs. There are many factors beyond the designer's control that may
introduce cost uncertainties with attendant economical consequences.

These

a) cofnmercial and legal relationship between the owner and other orge
b) economic circumstances of the organization, country, e.g. excha
c) po
d) tedhnology and technical issues such as safety and environ

itical circumstances including legislative changes and factors;

e) nafural events, human behaviour, etc.;
f) unavailability due to system failures;
g) nofusing latest available data;
h) ingdequate data traceability.
Systematic methods should be used ate uncertainties and risks
associpited with any product, activity, functi c ess. This should be done in a way that

will enjable the organization to mini aximize gains) and to quantjfy the
probaljle consequences. A hould be carried out.

One objective of uncertai is ses is to separate the minor acceptable risds from
the major risks and to i 3 hay be
expres

To get nay be
perforr st the
custonper in loss © of production, in fines, etc. if the actual number of failures
is twic [

The un cost of
owners pDsts in

suitabl

5 L

Society is becoming increasingly concerned about the environmental impact of products and
services. All decisions made about a product’s design, manufacture, use, etc., including the
environmental impact, may affect the price, ownership and disposal costs.

If the costs of the actions that have to be taken to fulfil environmental regulations are included
in the LCC studies, this will provide important inputs into the decision-making process for
product design, development and use.

Suppliers and users of products and services should pay attention to environmental
consequences of production, operation, maintenance and logistics activities. The cost
advantages of cheap but harmful activities have to be carefully considered.
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Annex A
(informative)

Typical cost-generating activities

A.1 General

Each phase of the life cycle includes activities that contribute to the costs for that phase. This
annex |lists some typical activities for each phase for which the costs should be idehtified.

Costs for additional activities should be identified, as appropriate.

Design psal of
hardwTre and software include activities that contrlbute to the LCC. idated with
the acfivities may be grouped, based on the type of resource used

A.2 |Typical costs in the product life cycle p

A.21 Concept and definition

Concept and definition costs are aft re the

feasiinty of the product under considera

a) mgrket research,
b) prdject management,
c) prqduct conceptandd

d) prgparation of a re¢ i e product.

Desigr@ g

A.2.2

Design € attributed to meeting the product requirgments

specificati i of compliance. These typically include costs for

a) prd

b) desi \gineerd including reliability, maintainability and environmental protection
acfivities

d) prqtotype fabrication,

e) software development,

f) testing and evaluation,

g) producibility engineering and planning,
h) vendor selection,

i) demonstration and validation,

i) quality management.

A.2.3 Manufacturing and installation

Manufacturing and installation costs are quantified in terms of making the necessary number
of copies of the product or providing the specified service on a continuous basis. The
activities (costs) in this phase are subdivided between those that are non-recurring and those
that recur with each product or service provided. These typically include costs for
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a) non-recurring activities/costs

1)
2)
3)
4)
o)
6)
7)

)

industrial engineering and operations analysis,
construction of facilities,

production tooling and test equipment,

special support and test equipment,

initial spares and repair Kits,

initial training,

documentation,

software

A.2.4

The cd
are ind
the fol

type-approval testing (qualification testing);

urring activities/costs

production management and engineering,
facility maintenance,

fabrication (labour, materials, etc.),
quality control and inspection,

assembly, installation and checkout,

packaging, storage, shipping and

ongoing training.
sts of operation _ ipment
urred throughout the S ; : . i include
owing:
5ts assoc
non-recurring gpares,
equipment

or labour, consumables, power, on-going training and
5ts associated wi eéntive maintenance

3, e.g. costs for acquisition of test equipment and tools,
spares{and
facilities;

réeurring costs, e.g. costs for labour, spares, consumables, on-going trainin

r'lnmlmnnfni‘inn;

replacement of parts with limited lifetime (may be recurring or non-recurring).

c) Costs associated with corrective maintenance

initial

ns mables, and initial training of staff and initial documentation and

g and

non-recurring costs, e.g. costs for test equipment, tools, initial spares, initial training of

staff, initial documentation and facilities;

recurring costs, e.g. costs for labour, spares and consumables, on-going training and

documentation;

consequential cost due to loss of production or capability including costs for

compensation and loss of income.

Indirect costs that may be significant over long life cycles may also be included here.
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A.2.5 Disposal

This phase includes the costs of decommissioning and disposal of older versions of the
products. In some service industries, such as the chemical and nuclear industries, the
disposal of products can become a significant cost factor. In some countries, environmental
legislation is mandating re-cycling of automobiles and electrical equipment. The costs of a
product’s disposal typically include costs for

a) system shutdown,
b) decommissioning,
c) disassembly and removal,

d) redycling or safe disposal.
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Annex B
(informative)
LCC calculations and economic factors

B.1 Opportunity costs, discounting, inflation and taxation
B.1.1 General
The e1tacts of discounting, escalating, opportunity costs, inflation, taxation and exchange rate
are referred to in 4.5.3. In this annex, these and other factors and al tho hay be

used tp take them into account are discussed in more detail.

B.1.2 Opportunity costs

In ordgr to improve a product, it is often necessary to pro
life cygle. Thus, to achieve improved dependability andi

in the
hay be

necesgary to provide extra resources, such as prgtotypeshandstest facilities, in thg early

stages| of the project life cycle. However, it is i

represgnt funds that could, at least in theory, ha i 0 earn a return on
The “opportunity” to earn this return is \ r adé to improve depend
The Igst return is known as an oppo heviife cygle cost analysis shoul
account of the lost opportunity cost wh [ benefits of improved depen

or othgr similar improvements.

B.1.3 Inflation

Due to| the difficulties of'a
be prepared at
cycle groject, it
analysjs.

inflation are fu

B.1.4

Taxes [and subisidies (including grants and tax expenditures) can affect relative prices.
prices [that include_them may, for this and other reasons, not accurately reflect oppd
cost of benefit. In life cycle cost analysis, the adjustment of market prices for taxa

ources
capital.
ability.
d take
dability

ysis to
ort life
in the

ted by
g!!).

Market
rtunity
tion is

approgriaté only where the adjustment may make a material difference. This is a ma

ter for

case-by-case judgement, but it may be important to adjust for differences between opt
the incidence of tax arising from different contractual arrangements, such as in-house
versus buying-in, or lease versus purchase.

ions in
supply

It is usually desirable to exclude most indirect taxes. "Value added" type taxes in particular
should be examined to determine whether or not their inclusion is relevant to the analysis.
Value added type taxes should be deducted from the market prices of inputs and outputs and

thus excluded from the cost calculations. No such adjustment should be made for
taxes, such as income and corporation taxes, nor for import tariffs or property taxes.

direct
Direct

taxes, import tariffs and rates should normally be treated like any other costs and included in

the normal way.
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B.1.5 Exchange rate

The exchange rate is the price at which one currency is exchanged for another currency. This
rate will change depending on supply and demand conditions for the relevant currencies in
the market. The exchange rate should be considered when products or services are bought
from, or sold to, different countries and in different currencies. The terms of the contract may
define where the risk associated with exchange fluctuation lies.

B.2 Application of financial evaluation techniques

B.2.1 General

CertairI\ financial evaluation techniques can usefully be applied to life (cycle™costing. It is,
therefqre, important that their concepts are fully understood before they are ¢

B.2.2 Discounted cash flow (DCF)

The discounting of cash flows is a fundamental principle thaf_is a : lethods
of invgstment appraisal. The purpose of DCF analysis is 40 de [ value
(NPV) [of different future cost flow streams.

B.2.3 Internal rate of return (IRR)

Interngl rate of return may be used i ; i i ther a
prospgctive investment is viable. e ) is 3 i ' quired
rate of|return, then the investment opportt ' 3

The IRR is a special case S c it on the
investment is calculated 3 e . This i [ -even"
case, Whereby the discoun a , idi inimum

rate thpt has to be met o ) ample, i P % for
a new project to be wo ing inatf
B.2.4 Depreci;i »

These|are known as\no

e money
to ignore them for LCC purposes as they tend to mgsk the

on them. LS UE

sensitijities of a co -.(v s ating cash flow analysis comparisons.

Depregiati iS\é ing convention for tax purposes that allows companies tq get a
benefit penditures as assets, such as computers, plant, machinery, ptc. to

account for thel wear-out. There are usually set periods over which an asset may be
deprediated_before it'is "written off" or scrapped and replaced.

Amortization is a technique for writing off intangibles such as "goodwill" when taking over
another company, being forced to amortize over a set period of time according to generally
accepted accounting principles (GAAP).

B.2.5 Cost-benefit analysis

Given a series of LCC options, a method has to be used to identify the effectiveness of each
option in meeting the specified requirements.

A common term used is the "bang-per-buck" factor. It expresses the result of a trade-off
analysis which identifies the most cost-effective solution of those available.

There is a real risk in accepting the cheapest LCC option without considering how many of the
requirements have been sacrificed in comparison with other, more expensive options.
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Common factors used to trade-off for LCC are

— operational availability,

— intrinsic availability,

— spares cost,

— manpower cost,

— probability of mission success.

Comparison of options against similar evaluation criteria may significantly change the order of
preference of the options.

@C‘@
3
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Annex C
(informative)

Example of a life cycle cost analysis

C.1 General

The following example describes the life cycle costing procedure and some methods for

estimation of life cycle costs. The example refers to a product called “data communication

network (DCN)”. The product breakdown structure, shown in clause C.3
elements included in the DCN.

predeflned levels (e.g. x % of total LCC). To simplify the example
important costs have been excluded, e.g. costs for documentation
administration, installation and maintenance of test equipmen

The analysis is based on “constant prices” and long-term
technigal parameters. A period of 15 years of operatio
the analysis.

The ayailability of this type of data co
corresponds to approximately 30 min accu

fferent

ceeds
tential
Licture,

st and
ted for

b. This

The following costs, related to the opekati intenance phase, are considered relevant

for thig example:

Cost gdlement Abbreviation

Total ¢osts for @ea COM
Investiments Cl
Operafion CcoO
Mainteinance CM
Costs|for inve s naintenance CIM
Spare e CIMSRU
Facilities for mtai nce at site CIMFS
Facilities for maintenance at workshop CIMFW
Costs|forannual operation CYO
Leasing of the data transport network CYOL
Software upgrading CYOS
Penalty costs due to accumulated downtime of the DCN Cyou
Costs for annual maintenance (labour and consumables) CYM
Preventive maintenance CYMP
Corrective maintenance CYMC
Corrective maintenance at site CYMCS

Corrective maintenance at workshop CYMCW
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The cost breakdown structure (CBS) for the product under consideration is shown in

Figure C.2.

Communication system (CS) Data transport network (DTN)
Communication system 1 (CS 1) < >
Communication system 2 (CS 2) < =
HU

Communication system 30 (CS 30) L

Hub is a device used for data traffic
concentration and distribution

The arfalysis is performed

ing the fol wi%ps.

— delinition of an appropriate cost breakdg@wn strueture (see Clause C.2);

— delining a detailed prodt
cost data for

— delinition of c

— esfablish relafia
defined by mé
— esfablis

- perfo
— prgse

C.2 |Cost ,breakdown structure (CBS)

IEC 71

p/04

al and

pgories

The cost breakdown structure (CBS) 1S a life cycle oriented way of classifying costs. T

links the different costs to meet the needs of the analysis.

The individual cost is defined by a corresponding cost element. See Clause C.1.

The CBS below describes the relationship between costs applicable to this example.

e CBS
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Total LCC
[

(C.6.5) Cost of operation and
maintenance

Total cost for 15 years' operation
dltd llldilllelldlllﬂd

—p COM
CIMSRU
Total cost Costs
investment investments for <
maintenance

A

A

o N‘i

I
(\\%’7\2w

CIM

Con
Total cost ~
operation (C.6.3)
< CYOS
< n |
co i
Cyou
sts (C.6.4)
TS@S’[ an CYMP
mainténanc /\ ma tenance i CYMCS
CYMC
CYMCW

IEC 720/04

C.3

To perform the required calculations in accordance with the cost breakdown structure given in
Figure C.2, a detailed product breakdown structure should be worked out. The product
breakdown structure gives the breakdown of the product to lower indenture levels.

Tables C.1 to C.5 present a product breakdown structure, in three indenture levels, together
with some product dependability and cost data.

As shown in Figure C.1, the product “P” under consideration is a data communication network
(DCN) consisting of N identical communication systems (CS) and a data transport network
(DTN). The data transport network contains all data links within the DCN.
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Data communication network

Level 1 Item name Abbreviation Required availability performance QuaNntlty
Py Communication system CS All downtime results in penalty cost 30
Py Data transport network DTN 99,995 % per link 30
(1 per link)
Table C.2 — Second indenture level - Communication system
ol Failure |nten3|ty (z) Cost per item Quantity
emname
Level 2 It —Abbreviation fatraresrotm w\ N
P11 Power supply system PSS See Table C.3 See We C.3 1
Pio Main processor MP See Table C.4 S}e\%\able m 1
Pi3 Display console DC (RU) 5 per item éQO 2
P14 || nput/ output unit IOU (RU) |4 per item { 300 \ x 1
Pis Fan system FS See Table C.5 S eﬁble\Q 1
NOTE [Replaceable unit (RU) is to be repaired at the “workshop lev \cN\b\Qplég\i\{)% ‘site level”
Tableg C.2 to C.5 give the cost for the purchase of répl and consumables {for the
operatlon and maintenance (O&M) phase

The d
breakd

e units” and their
other items is descriped in

further

Tableg( C.3 to C.5.
Table Cgf\hlw nt%vm 2ower supply system
ailure intensity (z) Cost per item Quantity
Level 3 Item name /\ XQewaan\ Wesmo 5h CU N
P1.1.1 || Power supplywnit,|  PSUNRUY) > 18 per item 350 2
P1.1.2 || Power conw Pb&k(R\U\)\ 4 per item 200 1
P13 || Battery® EQTT\(C\ Negligible 100 8
le C.4 —Third indenture level — Main processor
e Failure intensity (z) Cost per item Qyantity
Level 3 \k&aﬁr\e Abbreviation failures/10°/h cu N
Pqo1 Central Msso} CP (RU) 15 per item 4 000 2
P4 2 o || Pfogram store PS (RU) 18 per item 1 000 2
P1 2 3 Data stora. DS (DI I) 22 par Htaem. 800 4
P4 24 |Data bus system DBS (RU) 3 per item 400 1
Table C.5 — Third indenture level — Fan system
. Failure intensity (z) Cost per item Quantity
Level 3 Item name Abbreviation failures/10%/h cuU N
P15.1 Fan FAN (C)? Negligible 40 4
Pq.52 |Alarm unit AU (RU) 2 per item 80 1

Consumables. The battery and the fan require preventive replacement due to wear-out failures.
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C.4 Cost categories

The costs represented in the cost breakdown structure are grouped into cost categories as
shown in Table C.6. Investment costs are the total costs for the period under study, 15 years
in this example. The remaining costs are on annual basis.

Table C.6 — Cost categories

Cost category Cost for
R4 Investment in facilities for maintenance at site
Ry Investment in facilities for maintenance at workshop
R3 Investment in spare replaceable units (SRU)
Ry Cost of consumables for maintenance at site
Rs Cost of consumables for maintenance at worksho
Rg Cost of preventive maintenance >
Ry Cost of corrective maintenance at site
Rg Cost of corrective maintenance at worksh
Rg Cost of software upgrading
Rqo Cost of leasing of data transpor o
Rqq Penalty cost due to accumulme

VS

C.5

A cosf] it the product/work bregkdown
structyre and a cost category under consideration. elements are defined item by ifem as
applica ers to the cost elements defined in
Figure all calculations, as well as for the
aggreg own structure.

Product br

structure
(See Tables C. ple: co-ordinate (Rs ; P1.5)
A
P s EN C
Pis.
Py, CE
Py % C CE CE CE
P13 C CE CE CE CE
Ris CE CE CE CE
Py 4 CE CE
Pios CE CE CE
Pi24 CE CE
Py 4 CE CE CE CE
P14 CE CE
Pi12 CE CE
P13 CE CE
P CE
P, CE
P, CE CE
p Cost categories
R4 Ry R3 Ry Rs Rg R7 Rg Ry Ryg Ry (See Table 06)

IEC 721/04

Figure C.3 — Definition of cost elements
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Me
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Calculation of costs

Preconditions and assumptions

004(E)

alculations in this example are based on the following estimated performance
parameters and costs, and on other conditions:

an repair time (MRT) = 0,5 h;
an technical delay (MTD) = 0,25 h;
an administrative delay (MAD) = 4 h;

n logistic delay (ML.D) = to be calculated;

Co
Co
Us
Us
No
Co

Interval for software upgrading = 1,5 years;

5t per person hour (CPH) = CU 15;
5t for DCN service downtime (CSD) = CU 25/min per communicd

pful life of a battery = 4 years;
pful life of a fan = 9 years;
preventive maintenance except for batteries and fans

5t for software upgrading including installation = nication sys

stem;

A dentral maintenance organization is used fo

Allreplaceable units are repaired at acen

Tutn-around-time (TAT) for replaceab

Cost for a portable test equipment for site m

Cost for leasing of the d
To simplify calculations spare
replacgable units (SR . In a
more detailed calcula costs
and a ailability called
“level ¢f protection”.
Failurg iven in
Tables C.1 to
The sgheduted
The ogcurrence ilures in a given time interval is assumed to follow a homogg¢neous
Poissgn process. us the waiting time between consecutive failure occurrenges is

many

exponintially distributed (independent of time). It is also assumed that there are as

repair

eh as faults
R3S aUHS-

The calculations below refer to the cost breakdown structure shown in Figure C.2 and to the

cost el

C.6.2

ements shown in Figure C.3.

Costs investments for maintenance (CIM)

C.6.2.1 General

With the explanations given in Clause C.1, CIM is made up of the costs for spare replaceable
units (CIMSRU), the costs for facilities for maintenance at site (CIMFS) and the costs for
facilities for maintenance at workshop (CIMFW). The calculations for these costs are given in
C.6.2.21to0 C.6.2.6.
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C.6.2.2 Costs, spare replaceable units (CIMSRU)
According to Figure C.3, cost elements (R3; P4 4 1 to P4 55) apply where

- R3 is the investment in spare replaceable units (see Table C.6),
P, 11 is the power supply unit (PSU),

- P44, isthe power control unit (PCU,

etc. (see RUs in Tables C.1 to C.5).

For this example, an expression, derived from the Poisson distribution is used to calculate the
required number of spare replaceable units (NSRU). This expression relates failure intensity z

to the|required number of spares (NSRU) at some level of protectio
specified turn-around-time (TAT) for the repair of replaceable units (R
C.6.1,|(1 — SP) = 0,99.

The r]ean waiting time (MWT) for a spare replaceable uni

appro¥imated as:

MWTgy = SP x TAT / (NSRUgy + 1) h
NOTE MWT will be used in C.6.2.3 for the calculation of the meanTogisti

Using |[the above equation, the required number (of spare, replaceable units (NSR

@tin times (MWT) is gi

replacgable unit (RU) including invesfments
Table C.7.

Table C.7 — Invest ts

— SP), diven a

e with

an be

U) per
ven in

Number o \L:/ Mean wditing
Replacement spare investment per timek
unit replaceab P Denomination T
RU unii U type MW
ik cu h
rU, (PsU) /\ 3§ 1050 CIMSRU(PSU) 1,8
RU. (PCU) /ﬁ\ 200 CIMSRU(PCU) 3,6
Rps (cP) | 3 12 000 CIMSRU(CP) 1,8
RU, (PS) 3 3000 CIMSRU(PS) 1,8
RUs (DS) 6 4 800 CIMSRU(DS) 1,0
RN
RUs 0BS). \| N\ 1 400 CIMSRU(DBS) 3,6
RY, (D\O)\ > 900 1800 CIMSRU(DC) 2.4
RUs (10U) P 300 300 CIMSRU(IOU) 3,6
RUs (A 1 80 80 CIMSRU(AU) 3,6
NOTE CIMSRU = CU 23 630.

C.6.2.3 Calculation of mean logistic delay (MLD)

To simplify calculations of “unavailability associated costs” (CYOU), a uniform value of MTTR,

applicable to all parts of DCN, will be used for all availability calculations.

MTTR = MRT + MTD + MAD + MLD
NOTE For the meaning and values of MRT, MTD and MAD, see C.6.1.
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The mean logistic delay (MLD) is calculated as the weighed average of the mean waiting

times, i.e.

RUg
D (N2)RyMW TRy
RU;

RUg

D (Nz)ru

RU;

MLD =

Using the values from Tables C.2 to C.7:

MLD =1,6h

C.6.2.4 Costs, facilities for maintenance at site (CIMFS)

According to Figure C.3, cost elements (R4; P4 4 to P4 5) apply,
R, Js the investment in facilities for maintenance at site
P,} to P, 5 (see Table C.2).

N

Facilities for maintenance at site consist of portable te i is assumed that the

equipment is used in connection with all types o]
number of equipments depends on ihe
correclive maintenance actions.

Using failure intensities and quantitie
correcfive maintenance actions (NCMA)
calculgted as:

NCIMA = 30 x (5x2 + 4

Using gdata from C.6¢
average utilizatior
approxjmately

Estimdti )

accepfat

equiprrent i
CPITS £ CU 2 5007(cost for a portable test equipment);
CIMRS”= 2 x CPTS = CU 5 000.

quired
ber of

nber of
an be

8 760

h. The
tion is
156 h.

ive an
le test

C.6.2.5 Costs, facilities for maintenance at workshop (CIMFW)

According to Figure C.3, cost elements (R,; P 4 to P4 ) apply, where

R, is the investment in facilities for maintenance at workshop (see Table C.6);

P, 4 to P, 5 (see Table C.2).

The estimated cost of test equipment for fault localization and function checkout of
replaceable units is equal to CU 30 000. The value is based on experiences from similar

products.

CIMFW = CU 30 000.
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C.6.2.6 Summary of costs
The total investment for maintenance is
CIM = CIMSRU + CIMFS + CIMFW,
CIM =23 630 + 5 000 + 30 000 = CU 58 630.
C.6.3 Costs for annual operation (CYO)
C.6.3.1 Costs, leasing of the data transport network (CYOL)

According to Figure C.3. cost elements (R44: Po) apply, where

Ry is the cost of leasing data transport network (see Table C.6);
P, |(see Table C.1).

According to C.6.1:
CYL = CU 50 000.

C.6.3.2 Costs, software upgrading (CYOS)
According to Figure C.3, cost elements (Rq; P1.2

Rg |s the cost of software upgrading
P, b o (see Table C.4).

N

Accord oftvare is 1,5 years and the ¢
upgrad S ). Ten upgrades during 15 yea
require 3 munication systems is:
CY]
C.6.3.]
Accord
R4 o product down time or unavailability (see Table C.6);
Py,

Cost of productdown time or unavailability is calculated as:

CYPW=30 x (MADTCS + MADTDTN) x CSD

ost of
rs are

where

MADTCS is the mean accumulated down time of a communication system (minutes/year);

MADTDTN is the mean accumulated down time of the data transport

(minutes/year);

network

CSD is the cost for DCN service downtime per minute per communication system in

accordance with C.6.1;

and

MADTCS = 8760 x 60 x (1 - ACS);
MADTDTN = 8760 x 60 x (1 - ADTN):;
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where

ACS is the availability of the communication system;

ADTN is the availability of the data transport network;

ACS = APSS x AMP x ADCZ2 x AIOU x AFS per communication system;
ADTN = 99,995 % per link in accordance with Table C.1;

where

APSS is the availability performance of the power supply system;
AMP_is the availability performance of the main processor;

AD[ is the availability performance of the display console;
AIQU is the availability performance of the input/output unit;

AFB is the availability performance of the fan system.

The individual availability values for each of the above sys! ing the

formula:
A ul(u+z)
where

#H1/MTTR and MTTR = MRT

Power| supply system (PSS)

Due to | units
affect [he power supply system ¢ xifure, in m can
be estimated to be 3 failures/10

Main processo@

The mpin part of the is dit . (DBS)
and dgwntimes rélate ilt-in ‘

AF

is estimated

Display console
Al =41 /(+5x1079)

ADC = 99,9968 %.

Input/output unit (I0U)

AIOU = u /(u + 4 x 10-6)
AIOU = 99,9975 %.

Fan system (FS)

Due to redundancy, the availability of the fan system is assumed to be 100 %. Therefore, the
availability of the communication system:

ACS =99,984 %
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and

MADTCS = 84,1 min per year,
MADTDTN = 26,3 min per year.

The cost penalty due to product down time or unavailability:

CYOU =30 x (84,1 + 26,3) x 25 = CU 82 800.

C.6.3.4 Total costs for annual operation (CYO)

As now all the components of CYO are known, the total cost for annual operation is

CY

c.64
C.6.4.1

CYM includes cost for “labour” and “consumables”.

C.6.4.2

Accorgd

Rg
Py

Cost fq

CY|

O =50 000 + 60 000 + 82 800 = CU192 800.

Costs for annual maintenance (CYM)

General

MPBATT = cost|of\batteries 3 F of maintenance (MPH x CPH).

The refuired ma@ (MPH) per preventive action is assumed to
10 |h (2 person x

In accprdance wi ) interval for change of batteries is 4 years. Thus three

changgs occur oven ost per person hour (CPH) = CU 15.

In accoprdance Wit .3, the cost per battery is CU 100 and there are eight batte

each cpm

Thus t
operat

ne average ye
ondis:

rly cost, including all communication systems, based on a total 15

A
d

battery

ries in

years'

CYy

MPBATT = 30 x 3/15 x ((8 x 100) + (10 x 15)) = CU 5 700.

Cost for change of fans:

CYy

MPFAN = Cost of fans (CFAN) + cost of maintenance (MPH x CPH).

The required maintenance person hours (MPH) per preventive action is assumed to be equal
to 20 h (2 persons x 10 h).

In accordance with C.6.1, the interval for change of fans is 9 years. Thus one replacement

occurs

over 15 years. Cost per person hour (CPH) = CU 15.

In accordance with Table C.5, the cost per fan is CU 40 and there are four fans in each
communication system.
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Thus the average yearly cost, including all communication systems, based on total 15 years'

operation is:

CYMPFAN = 30 x 1/15 x ((4 x 40) + (20 x 15)) = CU 920.

As now both the components of CYMP are known, the total annual cost for preventive

maintenance is:

CYMP =5 700 + 920 = CU 6 620.

C.6.4.3 Costs, corrective maintenance (CYMC)

Costs[corrective maintenance at site (CYMCTS)

Accorging to Figure C.3, cost elements (R;; P, 4 to P4 ) apply, where

);

R Js the cost of corrective maintenance at site (see Table C.6
P,} to P, 5 (see Table C.2).

N

CYMC
action.

S5 = NCMA x MPH x CPH + NCMA x average co

NCMA
person

per maintgnance

56 (see C.6.2.4.) One

In accordance with C.6.1 P is equal to CU 15. The average fost of

consuf
CYMCS = 56@7 5
Costs) correctiv 2

Accorgd

CYMC

The aVlerage’ MPH per repair is assumed to be 3 h.

MPH per corrective maintenance action at workshop is assumed to be 3 h.
The average cost for consumables, per repair, is assumed to be CU 18.

In accordance with C.6.1, the cost per person hour = CU 15.

CYMCW =56 x3x 15+ 56 x 18 = CU 3 528.

As now all the components of CYMC are known, the total annual cost for corrective

maintenance is:

CYMC =8 974 + 3528 = CU 12 502.
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c.6.44 Summary
As now all the components of CYM are known, the total cost for annual maintenance is:

CYM =CYMP + CYMC =6 620 + 12 502 = CU 19 122.

C.6.5 Total costs for 15 years' operation and maintenance (COM)
Total cost of investments (Cl) = CIM = CU 58 630
Total cost of operation (CO) =15 x CYO =15 x 192 800 = CU 2 892 000
Total cost of maintenance (CM) =15 x CYM =15 x 19 122 = CU 286 830
Tofal cost for 15 years' operation and maintenance (COM)
=(dl + CO + CM = CU 3 237 460.

C.6.6 Presentation of undiscounted costs related to the cost b ire

A compparison of the costs of investment, annual operatio bwn in

Figure|C.4.

Annual cos
Cu for operati

n
>

200 000

175 000 >\)\
150 00; &
cYos
§>vestments

CIM

Annual cost
75 000 cYou for

CIMSRU maintenance
CYM
50 000 CIMFS
CIMFW CYMP
CYMC
25 000

[
>

IEC 722/04
Figure C.4 — Comparison of the costs of investment, annual operation and maintenance
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C.7 Examples of some possible improvement options to lower LCC

C.71 Data store reliability

Installation of a more reliable data store gives a 50 % lower failure intensity of the DS module.
The purchase cost of the new DS is assumed to be CU 1 000 instead of CU 800. The
improved reliability will reduce the required spare replaceable units (RUg) to four items
instead of six as shown in Table C.7.

Thus the initial investment will increase by 30 x 4 x 200 = CU 24 000.

CIMSRU will be 23 630 — 4 800 + 4x1 000 = CU 22 830

The effect on mean waiting time (MWT) is neglected.

The nymber of corrective maintenance action will be reduced fro
CYMCB to CU 7 7051 and CYMCW to CU 2 772.

The mpin saving for this investment however will be in the
(CYOU), as this should increase the availability of the i
to be S
99,987
and a

year,
year.

C.7.2

Investient in one extra display consolé 9 f-three
redund i

The A

This Will reduce MAD
reductfon of the ‘@D c

30

ives a

The re

The nd

30K 5x1x 107°% 8760 = 1,3 actions per year, equal to 2,3 %.

Thus, (R CYMCS = 1,023 X 8 974 = CU 9 180 and CYMCW = 1,023 X 3 528 = CU 3 609.

C.7.3 Data transport network
Introduction of a redundancy in the data transport network will give improved link availability

performance. However, the cost for leasing (CYOL) will increase by, say, 25 %. Thus, CYOL
will be 1,25 x 50 000 = CU 62 500 per year.

ADTN is then assumed to be 99,9994 and the MADTDTN will be 3,15 min per year.

The unavailability cost (CYOU) will be reduced by
30 x (26,3 — 3,15) x 25 = CU 17 363 per year.
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C.74

Software upgrading

A remote software upgrading will reduce the cost per upgrading per communication system
from CU 3 000 to CU 300. Thus, the cost for software upgrading (CYOS) will be reduced by

30

x (3000 — 300) x 10 /15 = CU 54 000 per year.

Investment in new facilities for the remote upgrading function is assumed to be CU 1 500 per
communication system and 100 000 in central data equipment. Thus, the initial investment will
increase by

(30

x 1 500) + 100 000 = CU 145 000.

C.8

The re

- CU
- CU
- CU
- CU
- CU

C.9

C.9.1
In ord

recalc
revend

In this
apply i

Residu
C.9.2

CIMSR

As paf
operat

Revenue generation to be used for discounted cash flow.a

venue from the use of the data communication network is es

600 000/year for year 5 to 11;
75 000 for year 1 and 15 each;
225 000 for year 2 and 14 each;
375 000 for year 3 and 13 each;
525 000 for year 4 and 12 each,

General

r to analyse the
late the costs i
es can be deter

example,@ [

t of(the investment cost for maintenance, CIMSRU is spent prior to the start
oh{.and maintenance phase. It is therefore assumed that it is expended

beginr

H £ Fal
mgotryearu:

Year

0 1 2 3 4 5 6 7 8 9 10 (11 [12 |13 |14 |15

UC(000) | 23,63

C.9.3

Cost of facility for maintenance at site

CIMFS (See C.6.2.4)

Similarly to CIMSRU, it is assumed that CIMFS is spent at the beginning of the year.

Year

0 1 2 3 4 5 6 7 8 9 10 (11 |12 |13 [14 |15

CU(000) 5,0

sary to
es and

s may

e.

of the
at the
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C.9.4 Cost of facilities for maintenance at workshop
CIMFW (See C.6.2.5)

Similarly to CIMSRU, it is assumed that CIMFW is spent at the beginning of the year.

Year 0 1 2 3 4 5 6 7 8 9 10 (11 |12 |13 [14 |15

CU(000) | 30,0

C.9.5 Cost of leasing of the data transport network

CYOL (See-6-6-3-+

In C.6J3.1, costs per annum are calculated to be CU 50,000. (\

Year o1 |2 [3 [4 |5 [6 [7 [8 |9 [10 |11 [12\[13 Ja [s

CU(000) || 50,0 | 50,0 | 50,0 | 50,0 | 50,0 | 50,0 | 50,0 | 50,0 | 50,0 | 50,0 | 50,0 50,{ 50) \@,o 50, \
N

C.9.6 Cost of software upgrading

CYOS|(See C.6.3.2)

Softwgre upgrading costs are CU 3 00 @ =CU 90 000.

12 |13 |14 |15

Year 0123}\56\

90 90 90

CuU(000) 90 90 90 ( 9

C.9.7 Cost penalt oduct down time or unavailability
CYUO|(See C.6®

The pgnalty costé\tk\e ystem fo

g unavailable is CU 82 800 per year of operation].

Year 0{\2\3\\4\}6 7 |8 |9 |10 [11 |12 |13 |14 |15

Cu(000) 24/8\\{2\% 8%{%2,8 82,8 | 82,8 (82,8 (82,8 82,8 [82,8(82,8|82,8|82,8]82,8]82,8

NN
C.9.8 Cost batteries

CYMPBATT (See C.6.4.2)

Batteries require replacement for preventative maintenance purposes every 4 years. The cost
of a battery is CU 100 and there are eight batteries per system, and 30 systems. Labour cost
is CU 150 per system (10 h at CU 15/h).

Battery costs are therefore CU (100 x 8 x 30) per replacement = CU 24 000.

Labour costs are therefore CU (30 x 150) per replacement = CU 4 500.

Total replacement costs are therefore CU (24,000 + 4,500) = CU 28 500.

Replacements will be required in years 4, 8, 12.

Year 0 [1 2 3 4 5 6 7 8 9 10 (11 |12 |13 [14 |15

CU(000) 28,5 28,5 28,5
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Cc.9.9 Cost of fans

CYMPFAN (See C.6.4.2)

Fans require replacement every 9 years at a cost of CU 40 per fan, and there are four fans
per system. Labour cost is CU 300 (20 h at CU 15/h).

Fan costs are therefore CU (30 x 40 x 4) per replacement = CU 4 800.

Labour costs are CU (30 x 300) per replacement = CU 9 000.

Total replacement costs are therefore CU (4 800 + 9 000) = CU 13 800.

Replacement will be required in year 9.

Year 0 |1 2 3 4 5 6 7 8 9 10 |11 12 |13 (| 14 \1§

CU(000) 13,8 < N &
C.9.10] Cost of corrective maintenance at site v

CYMCP (See C.6.4.3)

As the
of cor
followd:

e cost
ore as

Year

CU(000)

C.9.11
CYMC

As the| populatio d e cost
of corrective mai ore as
followd:

Year

CU(000)

Cc.10

C.10.1| _Benefits of discounting

The benefits of applying discounted cash flow (DCF) techniques in order fo provide the net
present value of the future cash flows can be seen from Figures C.5, C.6 and C.7.

The reduction in LCC budgets is achieved by attributing the revenue generated by investing
the future cost flows until they are needed.

C.10.2 Design option trade-off

A further benefit of applying DCF is to determine the benefits (or penalties) during design
options trade-offs. It will be observed that the data store in the main processor contributes
about 41 % of all required maintenance actions in NCMA.
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If this data store could be made more reliable — say from 22 failures per million hours (fpmh),
down to 15 fpmh at an investment cost of, say, CU 20 000, then this investment cost could be
spread over the population of systems (30 x 4 = 120) plus the spares. The improved reliability
will reduce the spares required to 4 bringing the unit population to 124. The cost per unit will
therefore be

CU (20 000/124 + 800) = CU 961.

This will, in fact reduce the cost to CU 3 844 for RU5(DS), and also reduce CIMSRU to
CU 22 674.

The mmmmwwwwwmﬂm' i is | ' i ' i 'ty cost

(CYOU b % to
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year.
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undisc punted

saving

These 5.



https://iecnorm.com/api/?name=bbbc7a3476ea97eafc4eda52e97405ce

AN

Year, 0 1 2 3 4 5 6 7 8 9 M0 11 \1\2 13 14 15
CIMSRU 2363] 000| |000] 000] 000 000 o000 000 000 000N\ 0008 800 00| [ 000 000/ 000
CIMFS 500 000] [o000] 000 “0pa] o000 000] o000 000 <000l \ 0 000, 000/ | 000/ 000/ 0,00
CIMFW 30,00 000] [000] 000] 000f o000 000 000 000000 00\ ~006] 000 | 000 0,00 0,00
cyoL 50,00, 50,00| 50,00 50,00 50,00+ 50,000 50,00 5000 5000 5080 “~50,00| \ 50,00/ 50,00| [50,00] 50,00| 0,00
CYOS 000 90,00| [000] 9000 9000 “o0Po| 9000 9000 _ l000{ /90,00~ 9008]” 000 90,00 [90,00] 000 90,00
CYUO 82,80 82,80| [82,80] 82:80| 8280 8280f 8280 8280( 8280/ 8280 8280 82380 8280| [8280] 8280| 0,00
CYMPBAT 000 000] [000] o000 2850 000 Z~goo\ oo @850/l 008000 000 2850| | 000 000 000
CYMPFAN 000 000| [o000] 000 o000 000 obe] “o08] ‘eo00| 1382/ o000 000 000 | 000] o000 0,00
cYmMcs 897 897] [897] 897] s97] 897] 897H. 8 897 897 897 897 897 | 897 897 0,00
CYMCW 353| 353 | 353 353 353 353 3&53 (363 \3@ > 353| 353 353 353| | 353 353 0,00

N\ SN
Total p.a. 203,93] 235,30] 145,30] 23530] 263,801\ 145,30 235,30, 235,30 80| 249,12] 23530] 14530 263,80 p3530| 14530] 90,00
NPV factor 1,00 091| | 083 075 /0}8\ \Q\62 Qo, 6| \ o5t 047, 042 039 035 032] | 020 o026 024
NPV 203,93| 213,91| 120,08 176/\\9/ 180,18] 99,22 132821\ 120;75| 81,081<10565 90,72] 50,93] 84,06| [68,16] 3826| 21,55
Discount rate 10,00 % Sum o}é\él\floh\ \ 32375 Sum of NPV 17791
IEC 723/04

Figure C.5 shows that the net presen
then reducing the sum by the return o
over the O&M phase is achieved. If a

Figure C.6.

eturn of

— Net present value (10 % discount rate)

y investing the capital until it is required, a savingofy,CU (3 2
o was possible, then the saving would only be CU (3 237,5-2 3

" sum until it is required and
37,5 -1779,1) =
32,8) = CU 914,7 as shown in

CU 1 458,4
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Year, 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
CIMSRU 2363 000 000 o000 000| o000/ 000 000 000 o000/ 000 000/ o000| o000 000 000
CIMFS 500 000| o000 o000 o000 o000 000 000| o000 o000 o000 o000 000 o000 000 000
CIMFW 30,00]  0,00H—8:86-—0:00-—0-06-—0-:00——B-86-——0-00+—0-00——0-00——0-00—0:00—B-00 000 0,00 0,00
cYoL 50,00] 50,00{<50,00] 50,00] 50,00] 5000 5000 50,00] 5000 5000 5000 (50,00N 50,00]|5000] 5000 0,00
CYOS 0,00] 90,0 000] 90,00] 9000 000] 9000 9000 000] 90,00 90,007\ 000 90.00]] 9000 000 90,00
CYUO 82,80| 82:8)| 8280l 8280] 8280 8280 8280 8280 8280 8280 8280 82)80[\ 82, 82,80 82,80| 0,00
CYMPBAT 000 00 0,00{/0,00| 2850] 000] 000/ 000 2850 000 0,00| 0,00} 2850 000 000 0,00
CYMPFAN 0,00 00 000 000 o000] o000] o000] 000 000 1382000\ 000] 000 000 000/ 000
CYMCS 897| 891| 897 897 s897| 897 897 897 897 897 897 897\ B97|| 897] 897 000
CYMCW 353| 35 353 353|( )353| 353 353 353 353/ 3, 3\,§3 353|| 353 353 0,00

N\
Total 203,93 235,3] 145,30] 23530] 263,80 145,30 235,30] 235,30] 73,80}, 24912] 235,30]> 145,30 263,80] [235,30] 145,30] 90,00
NPV factor 100 09§ 091 o086 082 Y078 075 071 \gﬁ\s 10,64 06f] 058 056|| 053] 051 048
NPV 203,93 224,10| 131,79 203,26 217,03] 113l85¢ 17569 167:22| 117,64 160)59| 144,46| 84,.96| 146,89 [124,79] 73,39 43,29
Discount rate 5,00 % | [sum of cash flow =3 32375 | [sum of NPV 2332,8
. . IEC 724/04
Flgure}.\G — Net pkse@a\llké\"@lscount rate)

Year| 0 1 2 3 NN Y 9 10 11 12 13 14 15
CIMSRU 2267 0,00] 000 000 [No,00N 0,00 0,00 >0,00/” 000 000 000 000 000/| 000 o000 000
CIMFS 500 o000 000 000/ o0e6h N0,00N B00[\ 000 000 000 000] 000 000]] 000 o000 000
CIMFW 30,000 000 000/ 000 So00| ) 0wo| Noo0s] ~000] ogel: o000 000 o000 000/ 000 000 o000
cYoL 50,000 50,00 50,00/ 50,00 ,00] 50,008 5000]” 50,00] 50,00 (50,000 50,000 50,00 50,00]| 50,00 50,00 0,00
CYOS 0,00 90,00 0,00/ 90, 00f. 0001 90,00] 90,00] 000 9000 90,00 0,00 90,00/ | 90,00 0,00 90,00
CYUO 77,48 7748 7748 77, 7748| 77,48 77.48| 7748 77,48 7748/~ 7748| 7748 77.48|| 7748 7748 0,00
CYMPBAT 0,00 0,00 0,00 00\ 28,50\ O; 0,00 000] 2850 0,00% _000] 000 2850| o000] 0,00 0,00
CYMPFAN 0,00 000 0,00] o, 080 N0,00 o000 o000 000 1382 “boo|l o000 000/| 000 000 0,00
CYMCS 8o7| 897 89 897 \897|\ 897 897 897 897 897 897}, 897 897|| 897 897 0,00
CYMCW 353 353] < 353 363 353 353 353 353 353 353(/)353 353/ 353 353 000
Total p.a. 197,65 | 229,98] 139,98 [ 229,98\ 258,48] 139,98 | 229,98] 229,98 168,48] 243,80] 229,98 139,98 - 258,48| | 229,98] 139,98 90,00
NPV factor 100 o095| o091 oss{ o082 o078 o075 071 o068 064 061 058 056 | 053 051 048
NPV 197,65 219,03 126,97| 198,67| 212,65] 109,68 171,62 16344| 11404] 157,16| 141,19 81,84 143931 [121,96] 70,70] 43,29

1
Discount rate ‘ 5,00 % |Sum of cash flow CU 000's 3 156,7 | |Sum of NPV CU 000's 2273,8
IEC 725/04

Figure C.7 — NPV with improved data store reliability (5 % discount rate)
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Annex D
(informative)

Examples of LCC model development

D.1 General

This annex presents simplified examples of life cycle cost model development and illustrates
possible ways to identify cost elements. The examples are not complete and are intended to

give only an idea regarding different modelling methods available.

In Clayise D.2, an LCC model based on the six major life cycle phasé
then calculated by adding the different costs for each life cycle phas

The ejample in Clause D.3 illustrates an LCC model where L
acquisftion cost and cost of ownership.

D.2 [LCC model based on costs for the life

NOTE | The model in this example is developed by addi
product,

D.2.1 First level breakdown
Life cygle cost is given by:

LC:ZCCD+CDD+C

LCC ik the life @
Ccp ip the cost of'co

QO
o
S
2

Cp ip the cost)of disposal phase.

D.2.2 Second level breakdown

erent life cycle phases ¢

ad. LCC is

ed into

f a new

D.2.2.1 Concept and definition (C¢p)

The cost of concept and definition phase, C¢p is given by:
Ccp = Cepr * Ceom + Cepa * Ceps

where

Ccpr is the cost for market research;
Ccpm is the cost for project management;
Ccpa s the cost for system concept and design analysis;

Ccps is the cost for requirement specification.
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D.2.2.2 Design and development phase (Cpp)
The cost of the design and development phase Cpp is given by:

Cpp = Cpom * Cppe * Cpop * Cppr * Cops * Copp * Copv * Copa *Copr * Copi + CopL
where

Cppm s the cost for project management;
Cppe is the cost for design engineering;

Cppp is the cost for design documentation;

CppT [isthecostfortestingevatuationrand-vatidation,
Cpps |is the cost for software development;

Cppp |is the cost for producibility engineering and planning;
Cppy |is the cost for vendor selection;

Cppq |is the cost for quality management;

CppRr |is the cost for risk analysis;

Cppi |is the cost for environmental impact analysis;
CppL |is the cost for logistics development.

D.2.2.3 Manufacturing phase (Cy

The cgst of the manufacturing phase C en

Cm|= Cun * Cur

Cun | is the cost for

Cur |is the tot@s

D.2.2.4

The cdst of the-installation

Cl F
where
CiN is the\costtar installation, non-recurring;
Cr isthe cost for installation, recurring.

D.2.2.5 Operation and maintenance phase (Cqy )

The cost of the operation and maintenance phase Cq), is given by:

Com = Como * Comc * Comp * Comv

where
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