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Foreword

The text of document 56/942/FDIS, future edition 2 of IEC 60300-3-3, prepared by IEC TC 56,
Dependability, was submitted to the IEC-CENELEC parallel vote and was approved by CENELEC as
EN 60300-3-3 on 2004-09-01.

The following dates were fixed:
— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2005-06-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2007-09-01

Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 60300-3-3:2004 was approved by CENELEC as a
European Standard without any modification.
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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 incurred throughout its lifetime. All decisions made concerning a product's design and
manufacture may affect its performance, safety, reliability, maintainability, maintenance
support requirements, etc., and ultimately determine its price and ownership and disposal
costs.

Life cycle costing is the process of economic analysis to assess the total cost of acquisition,
ownership and disposal of a product. This analysis provides important inputs in the decision-
making process in the product design, development, use and disposal. Product suppliers can
optimize their designs by evaluation of alternatives and by performing trade-off studies. They
can evaluate various operating, maintenance and disposal strategies (to assist product users)
to optimize life cycle cost (LCC). Life cycle costing can also be effectively applied to evaluate
the costs associated with a specific activity, for example, the effects of different maintenance
concepts/approaches, to cover a specific part of a product, or to cover only selected phase or
phases of a product’s life cycle.

Life cycle costing is most effectively applied in the product’s early design phase to optimize
the basic design approach. However, it should also be updated and used during the
subsequent phases of the life cycle to identify areas of significant cost uncertainty and risk.

The necessity for formal application of the life cycle costing process to a product will normally
depend on contractual requirements. However, life cycle costing provides a useful input to
any design decision-making process. Therefore, it should be integrated with the design
process, to the extent feasible, to optimize product characteristics and costs.
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DEPENDABILITY MANAGEMENT -

Part 3-3: Application guide —
Life cycle costing

1 Scope

This part of IEC 60300 provides a general introduction to the concept of life cycle costing and
covers all applications. Although the life cycle costs consist of many contributing elements,
this standard particularly highlights the costs associated with dependability of the product.

This standard is intended for general application by both customers (users) and suppliers of
products. It explains the purpose and value of life cycle costing and outlines the general
approaches involved. It also identifies typical life cycle cost elements to facilitate project and
programme planning.

General guidance is provided for conducting a life cycle cost analysis, including life cycle cost
model development. lllustrative examples are provided to explain the concepts.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60050-191:1990, International Electrotechnical Vocabulary (IEV) — Chapter 191: Depend-
ability and quality of service

IEC 60300-3-12, Dependability management — Part 3-12: Application guide — Integrated
logistic support

IEC 61703, Mathematical expressions for reliability, maintainability and maintenance support
terms

IEC 62198, Project risk management — Application guidelines

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-191 and
IEC 61703, together with the following definitions, apply.

3.1
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

4.1 Objectives of life cycle costing

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

The primary objective of life cycle costing is to provide input to decision making in any or all
phases of a product’s life cycle.

An important objective in the preparation of LCC models is to identify costs that may have a
major impact on the LCC or may be of special interest for that specific application. Equally
important is to identify costs that may only influence the LCC to a very small extent.

The more common types of decisions to which the life cycle costing process provides input
include, for example:

— evaluation and comparison of alternative design approaches and disposal options
technologies;

— assessment of economic viability of projects/products;

— identification of cost contributors and cost effective improvements;

— evaluation and comparison of alternative strategies for product use, operation, test,
inspection, maintenance, etc.;

— evaluation and comparison of different approaches for replacement, rehabilitation/life
extension or retirement of ageing facilities;

— allocation of available funds among the competing priorities for product development/
improvement;

— assessment of product assurance criteria through verification tests and its trade-off;
— long-term financial planning.

Life cycle costing 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 is an
understanding of the relationship of these activities to the product performance, safety,
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;
c) manufacturing;
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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 + Cost + Costdisposa|

acquisition ownership

Acquisition costs are generally visible, and can be readily evaluated before the acquisition
decision is made and may or may not include installation cost.

The ownership costs, which are often a major component of LCC, in many cases, exceed
acquisition costs and are not readily visible. These costs are difficult to predict and may also
include the cost associated with installation.

Disposal costs may represent a significant proportion of total LCC. Legislation may require
activities during the disposal phase that for major projects, e.g. nuclear power stations,
involve a significant expenditure.

Figure 1 shows the life cycle phases of a product, together with some of the topics that should
be addressed by a life cycle costing study.

Life cycle phases

Concept and Design and ) . Operation and .
definition > development > Manufactur|ng> Installation > maintenance Disposal

® Retirement cost impact

e New product opportunities ® Design trade-offs e System integration and
verification
e Analysis of system ® Source selection ° Rehplacement/renewal
concept and options ® Cost avoidance/cost schemes
e Configuration and change reduction benefits :
® Product selection controls ° D|Isposal and salvage
® Operating and value

e Technology selection ® Test strategies maintenance cost

. . monitoring
® Make/buy decisions ® Repair/throwaway

decisions e Product modifications and

® Identify cost drivers service enhancements

. ® Performance tailoring
e Construction assessment e Maintenance support
resource allocation and

optimization

e Support strategies
® Manufacturability

assessments e New product introduction

e \Warranty incentive
schemes

IEC 715/04

Figure 1 — Sample applications of life cycle costing
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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 Dependability and LCC relationship
441 General

Dependability of a product is the collective term used to describe the product’s availability
performance and its influencing factors, i.e. reliability performance, maintainability perform-
ance and maintenance support performance. Performance in all these areas can have a
significant impact on the LCC. Higher initial costs may result in improved reliability and/or
maintainability, and thus improved availability with resultant lower operating and maintenance
costs.

Dependability considerations should be an integral part of the design process and LCC
evaluations. These considerations should be critically reviewed when preparing product
specifications, and be continually evaluated throughout the design phases in order to optimize
product design and the life cycle cost.

4.4.2 Dependability related costs
Costs associated with dependability elements may include the following, as appropriate:

— system recovery cost including corrective maintenance cost;
— preventive maintenance cost;
— consequential cost.

Figure 2 highlights some dependability elements translated into operation and maintenance
costs.
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Dependability

Availability
U A
I
I [ |
Reliability Maintainability Maint. support
MTTF MRT MLD, MAD
A
A
Fail Replaceable
anres 1 | Repairs Preventative | 3|  units, spares
Az maintenance and facilities
Quantity x ((MPH x cost/h) +
(material cost per unit))
v v A

z x [(average cost of maintenance support per failure) +

(MPHsite x cost/h) + (MPHworksHor x cost/h) +
(average cost of spares per failure)]

Damage to image and reputation, loss of revenue,
service provision, warranty cost, liability cost

Symbols and abbreviations apply in accordance with [IEC 60050(191).

4.4.3
4.4.31

When a product or service becomes unavailable, a series of consequential costs may be

Cost of
investment for
logistic support

Cost of preventive
maintenance

Cost of corrective
maintenance

Consequential
cost

IEC 716/04

Figure 2 — Typical relationship between dependability and
LCC for the operation and maintenance phase

Consequential costs

General

incurred. These costs may include:

In

image,

warranty cost;
liability cost;

reputation,
prestige,

cost due to loss of revenue;

which in turn may result in loss of clients.

costs for providing an alternative service.

addition, further consequential costs should be identified by applying risk analysis
techniques to determine costs of adverse impacts on the company's:
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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
increase but maintenance and support costs will decrease. The LCC is optimized when the
incremental increase in acquisition costs due to reliability improvements equals the
incremental savings in maintenance and support costs, and in consequential costs. At a
certain point, an optimum product reliability, which corresponds to the lowest life cycle cost, is
achieved.

It should be noted that the results of LCC calculations might not match the actual/observed
costs. This is because there are many influencing random factors, such as environmental
conditions and human errors during operation, which cannot be accurately modelled in the
calculations.

Environmental issues, as well as traditional factors such as cost and time, have to be
considered in LCC calculations. Therefore, methods have to be used to evaluate and rank
environmental consequences of different activities. These evaluations can provide the bases
for environmental planning and integrating environmental issues with decision making.

4.4.3.2 Warranty costs

Warranties provide protection to the customers, insulating them from the cost of correcting
product failures, in particular during the early stages of product operations. The cost of
warranties is usually borne by the suppliers, and may be affected by reliability, maintainability
and maintenance support characteristics of the product. Suppliers can exercise significant
control over these characteristics during design and development, and manufacturing phases
thus influencing the warranty costs.

Warranties usually apply for a limited period of time, and a number of conditions generally
apply. Warranties rarely include protection against consequential costs incurred by the
customer due to product unavailability.

Warranties may be supplemented or replaced by service contracts whereby the supplier
performs, in addition to any arrangements made by the customer, all preventive and
corrective maintenance for a fixed period of time that can be renewed for any period up to the
whole product lifetime. In the latter case, the suppliers are motivated to build an optimum
level of reliability and maintainability into their product, usually at higher acquisition costs.

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
4.51 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;

b) be comprehensive in order to include and highlight all factors that are relevant to LCC;

c) be simple enough to be easily understood and allow for its timely use in decision making,
and future update and modification;

d) be designed in such a way as to allow for the evaluation of specific elements of LCC
independent from other elements.

A simple LCC model is basically an accounting structure that contains mathematical
expressions for the estimation of cost associated with each of the cost elements constituting
the LCC. Examples are given in Annex D.

In some cases, a model may need to be specifically developed for the problem under study,
while for some other cases commercially available models may be used. Each LCC model has
its own flexibility and application. Knowledge of the contents and the conditions under which
they apply are important in order to assure adequacy of their use. Before selecting a model,
the amount of information needed should be identified together with the results expected from
using the model. Someone familiar with the details of the model is needed to review it so as to
determine the applicability of all cost factors, empirical relationships, elements and other
constants and variables in the model. Therefore, before using any existing LCC model, it
should be suitably validated for the life cycle costing study under consideration. To do this,
the cost factors and other parameters from a known example, along with the operational
scenario, should be used to assess the extent to which the model provides realistic results.

Many products are designed to have a very long life, for example buildings or power stations.
For such products, a number of costs, for instance for functional changes or product
enhancement, will occur at intervals during the life of the product and techniques to deal with
these should be incorporated in the model.

LCC modelling includes:

— cost breakdown structure,

— product/work breakdown structure,
— selection of cost categories,

— 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 order to estimate the total life cycle cost, it is necessary to break down the total LCC into
its constituent cost elements. These cost elements should be individually identified so that
they can be distinctly defined and estimated. The identification of the elements and their
corresponding scope should be based on the purpose and scope of the LCC study.

The cost element is the link between cost categories and the product/work breakdown
structure. The selection of cost elements should be related to the complexity of the product,
as well as to the cost categories of interest in accordance with the required cost breakdown
structure. See the example in Annex C.

One approach often used to identify the required cost elements involves the breakdown of the
product to lower indenture levels, cost categories and life cycle phases. This approach can
best be illustrated by the use of a three-dimensional matrix shown in Figure 3. This matrix
involves identification of the following aspects of the product:

— breakdown of the product to lower indenture levels (i.e. the product/work breakdown
structure);

— the time in the life cycle when the work/activity is to be carried out (i.e. the life cycle
phases);

— the cost category of applicable resources such as labour, materials, fuel/energy,
overhead, transportation/travel (i.e. the cost categories).

This kind of approach has the advantage of being systematic and orderly, thus giving a high
level of confidence that all cost elements have been included.

Annex A identifies typical activities for which the costs should be addressed.

An example of a product breakdown structure and LCC summary for a railway vehicle is
presented in Annex E.

Costs associated with LCC elements may be further allocated between recurring and non-
recurring costs so that the total of all recurring and non-recurring costs equals LCC. 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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Cost
categories

Product/work
breakdown
structure

\\ . T — |

\V\/ Labour / ° / & e
cost z
Life cycle phases LT\EE??&EIS

cost element
Power supply

Manufacturing

IEC 717/04

Figure 3 — Cost element concept

4.5.3 Estimation of cost
4.5.3.1 General
Examples of methods that may be used to estimate the parameters of a cost element include:

— engineering cost method;
— analogous cost method;
— parametric cost method.

Examples of application of each method are given below.

When carrying out life cycle costing analysis for a certain product, one or more of these
methods, or other methods, may be used as appropriate.

In order to reduce different types of uncertainties involved in the analyses, it should be
possible to perform sensitivity analyses, for example by introducing minimum and maximum
values to the parameters of the model into the cost estimation equations.

4.5.3.2 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 similar product or technology are
used. Historical data, updated to reflect cost escalation, effects of technology advances, etc.
are utilized. This technique may be one of the least complex and least time-consuming
methods. It is easily applied to components of the product for which there is some experience
and actual data.

The analogous cost method can be illustrated by the following example where an estimate of
the cost for parts and materials for a power supply, using experience from an older power
unit, is used.

The following information is given:

Product: power supply
Life cycle phase:  manufacturing phase
Cost category: parts and materials.

For a somewhat less complex power supply produced 4 years ago, the cost for parts and
materials was CU 220. Overall cost escalation over 4 years is taken to be 5 %.

The cost for additional parts will be about CU 50.

Therefore, cost for parts and materials for the new power supply unit is estimated to be
Cost of parts and material for the old unit (1+0,05) + cost for additional parts =
=220 x 1,05 + 50 = CU 281.

4.5.3.4 Parametric cost method

The parametric cost method uses parameters and variables to develop cost 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

P Cost categories (R)
- Ry --R - Ry --Ro - Riz - - Ry
IEC 718/04

Figure 4 — Example of cost elements used in the parametric cost method

In Figure 4

Ry is the investment cost in test equipment, workshop (non-recurring);
Rs is the investment cost in spares, workshop (non-recurring);

R is the labour cost, site (recurring);

Rio is the labour cost, workshop (recurring);
Rqo is the spares consumption cost, workshop (recurring);
P,s  is subsystem Py.

Cost of active corrective maintenance for subsystem P4, for a 10 year period =

Cost(Ry:P44) + Cost(R5:Pq4) + {Cost(R;; Pyy) + Cost(Rqy; Pqy) + Cost(Rqy; Pyy)} x 10
(ignoring the effects of inflation, etc.)

NOTE Active corrective maintenance time is defined in IEC 60050(191), see definition 191-08-07 and
Figure 191-10.

where, for example, the cost related to element (R;; P44) is calculated as follows:

Cost(R;: P44) is the labour cost, active corrective maintenance at site for sub-system P4
Cost(R7: Pyy) = QP14 X ZP 44 X C x n X MRT cost/year

where

QP4 is the quantity or number of items, in this example QP4 = 1;
ZP,, s 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:

QP4 = 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) =1x0,3x50x1x2,4=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(R4q; P14), etc. are calculated in a similar way.

4.5.4 Sensitivity analysis

In order to identify significant cost contributors, sensitivity analyses should be performed.
Data may be varied to establish their impact on the total LCC or part of it.

To facilitate the sensitivity analysis, it is important that the LCC model is developed in such a
manner that, when a common parameter, for instance person hour cost, is varied, this is
automatically reflected wherever this parameter is used.

It may be desirable to use minimum or maximum values of certain data or even a distribution.
The LCC model in that case should be developed to meet these needs.

4.5.5 Impact of discounting, inflation and taxation on LCC

Several factors complicate the life cycle costing process; for example, the real value of money
changes constantly and factors such as opportunity costs, inflation and taxation may need to
be taken into account.

Annex B introduces these concepts and briefly indicates the methods that may be used to
take account of them.

4.6 Life cycle costing process
4.6.1 General

The life cycle costing process involves identification and evaluation of the costs associated
with acquisition, ownership and disposal of a product during its life cycle. In order to produce
results which can be usefully and correctly employed, any life cycle costing analysis should
be conducted in a structured and well-documented manner using the following steps:

D

life cycle costing plan (including definition of life cycle costing objectives);

O

LCC model selection or development;

o O

)

)

) LCC model application;

) life cycle costing documentation;
)

D

review of life cycle costing results;

—h

) 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
customer(s).

4.6.2 Life cycle costing plan

Life cycle costing should begin with the development of a plan which addresses the purpose
and scope of the analysis. The plan should address the following elements:

a) Define the analysis objectives in terms of the outputs that should be provided by the
analysis and the decisions as to which outputs will be used to support the analysis.
Typical objectives include:

— determination of the LCC for a product in order to support planning, contracting,
budgeting or similar needs;

— evaluation of the impact of alternative courses of action (such as design approaches,
product acquisition or support policies or alternative technologies) on the LCC of a
product; or

— identification of cost elements which are major contributors to the LCC of a product in
order to focus design, development, acquisition or product support efforts.

b) Define the scope of the analysis in terms of the product(s) being studied, the time period
(life cycle phases) to be considered, the operating environment and maintenance support
scenario to be employed.

c) ldentify any underlying conditions, assumptions, limitations and constraints (such as
minimum product performance or availability requirements, or maximum capital cost
limitations) which might restrict the range of acceptable options to be evaluated.

d) lIdentify alternative courses of action to be evaluated (if it is a part of the analysis
objective). The list of proposed alternatives may be refined as new options are identified,
or as existing options are found to violate the problem constraints.

e) Provide an estimate of resources required and a reporting schedule for the analysis, to
ensure that the analysis results will be available in a timely manner to support the
decision-making processes for which they are required.

The analysis plan should be documented at the beginning of the LCC analysis process to
provide a focus for the rest of the work. The plan should be reviewed by the intended users 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:

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

Perform LCC analysis of product operating scenarios defined in the analysis plan.
Report analyses with a view to identifying optimum support scenarios.

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

Quantify any differences in product performance, availability or other relevant constraints
between any options being studied, unless these differences are directly reflected in the
LCC model outputs.

Categorize and summarize LCC model outputs according to any logical groupings, for
example, fixed or variable costs, recurring or non-recurring costs, acquisition, ownership
or disposal costs, direct or indirect costs which may be relevant to users of the analysis
results.

Conduct sensitivity analyses to examine the impact of assumptions and cost element
uncertainties on LCC model results. Particular attention should be focused on major cost
contributors and assumptions related to product usage and assumption related to the time
value of money.

Review LCC outputs against the objectives defined in the analysis plan to ensure that all
goals have been fulfilled and that sufficient information has been provided to support the
required decision. If the objectives have not been met, additional evaluations and/or
modifications to the LCC model may be required.

The analyses, including all assumptions, should be documented to ensure that the results can
be verified and readily replicated by another evaluator.

4.6.5 Life cycle costing documentation

The results of the life cycle costing should be documented in a report that allows users to
clearly understand both the outcomes and the implications of the analysis, including the limi-
tations and uncertainties associated with the results. The report should contain the following:

a)

b)

Executive summary — a brief synopsis of the objectives, results, conclusions and
recommendations of the analysis. This summary is intended to provide an overview of the
analysis to the decision-makers, users and other interested parties.

Purpose and scope — a statement of the analysis objective, product description, including
a definition of intended product use environment, operating and support scenarios;
assumptions, constraints, and alternative courses of action considered in the analysis, as
discussed in 4.6.2. Since this information is included in the analysis plan, the plan may be
included in the documentation as a reference.

LCC model description — a summary of the LCC model, including relevant assumptions, a
depiction of the LCC breakdown structure, an explanation of the cost elements and the
way in which they were estimated, and a description of the way in which cost elements
were integrated.

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.

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.

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)
have been adequately evaluated and discussed and that the objectives of the analysis
have been achieved;

d) review of all assumptions made during the analysis to ensure that they are reasonable,
and that they have been adequately documented.

4.6.7 Analysis update

It is advantageous in many life cycle costing studies to keep the LCC model current so that it
can be exercised throughout the life cycle of the product. For example, it may be desirable to
update the analysis results initially based on preliminary or estimated data with more detailed
data as they becomes available later in the product life cycle. Maintaining and updating the
LCC model may involve modifications to the LCC breakdown structure and changes to cost
estimating methods as additional information sources become available, and alterations in
assumptions embodied in the model.

The updated analysis should be documented and reviewed to the same extent as the original.

4.7 Uncertainty and risks

LCC is an estimate of the cost of acquisition, ownership and disposal of a product over its life
cycle. As emphasized throughout this standard, the confidence in the results of life cycle
costing depends on the availability and use of the relevant information, the assumptions made
in the LCC model and the input data used in the analysis.

Factors such as lack of information at the beginning of the project, introduction of new
technology or a new product, use of optimistic estimates in order to justify the project, use of
unattainable schedules, lengthy research and development projects with unpredictable
results, undue optimism/pessimism, etc. all contribute to uncertainty and risk. Elements such
as predicted inflation rates, labour, material and overhead costs to be incurred over a long
period of time in the future can also cause considerable uncertainty in the results of life cycle
cost analysis. Therefore, erroneous conclusions may be drawn and wrong decisions made
due to the 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 may include uncertainties related to the following:

QO

commercial and legal relationship between the owner and other organizations;

(=)

economic circumstances of the organization, country, e.g. exchange rates;

o O

)

)

) political circumstances including legislative changes and factors;

) technology and technical issues such as safety and environmental impact;
)

natural events, human behaviour, etc.;

- O

) unavailability due to system failures;
g) not using latest available data;
h) inadequate data traceability.

Systematic methods should be used to identify and evaluate uncertainties and risks
associated with any product, activity, function or process. This should be done in a way that
will enable the organization to minimize losses (or maximize gains) and to quantify the
probable consequences. As part of this, risk analyses should be carried out.

One objective of uncertainty and risk analyses is to separate the minor acceptable risks from
the major risks and to estimate the consequences of each risk. The consequences may be
expressed in terms of technical and other criteria including costs.

To get a better overview of the total costs involved, uncertainty and risk analyses may be
performed as part of life cycle cost analyses. For example, the amount it will cost the
customer in loss of receipts, in loss of production, in fines, etc. if the actual number of failures
is twice as high as the specified value.

The uncertainty and risk cost elements should be included in the cost of acquisition, cost of
ownership and cost of disposal. This may be accomplished either by including the costs in
suitable cost elements or at a higher level in the LCC model.

5 LCC and environmental aspects

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 identified.
Costs for additional activities should be identified, as appropriate.

Design, development, manufacturing, installation, operation, maintenance and disposal of
hardware and software include activities that contribute to the LCC. The costs associated with
the activities may be grouped, based on the type of resource used.

A.2 Typical costs in the product life cycle phases

A.2.1 Concept and definition

Concept and definition costs are attributed to various activities conducted to ensure the
feasibility of the product under consideration. These typically include costs for

a) market research,

b) project management,

c) product concept and design analysis,

d) preparation of a requirement specification of the product.

A.2.2 Design and development

Design and development costs are attributed to meeting the product requirements
specification and providing proof of compliance. These typically include costs for
a) project management,

b) design engineering, including reliability, maintainability and environmental protection
activities,

c) design documentation,

d) prototype 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)
)
)
)
)
)
)
8)
9)

N OO O AW N

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,

type-approval testing (qualification testing);

b) recurring activities/costs

A.2.4

production management and engineering,
facility maintenance,

fabrication (labour, materials, etc.),

quality control and inspection,

assembly, installation and checkout,

packaging, storage, shipping and transportation,
ongoing training.

Operation and maintenance

The costs of operation, maintenance and supply support of products and support equipment
are incurred throughout the expected life of the system/product. These costs typically include
the following:

a) Costs associated with operation

non-recurring costs, e.g. costs for initial training of staff, documentation, initial spares,
equipment, facilities and special tools;

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

b) Costs associated with preventive maintenance

non-recurring costs, e.g. costs for acquisition of test equipment and tools, initial
spares and consumables, and initial training of staff and initial documentation and
facilities;

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

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

c) Costs associated with corrective maintenance

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) recycling 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 effects 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 also methods that may be
used to take them into account are discussed in more detail.

B.1.2 Opportunity costs

In order to improve a product, it is often necessary to provide additional resources early in the
life cycle. Thus, to achieve improved dependability and its consequent benefits, it may be
necessary to provide extra resources, such as prototypes and test facilities, in the early
stages of the project life cycle. However, it is important to realize that these resources
represent funds that could, at least in theory, have been invested to earn a return on capital.
The “opportunity” to earn this return is lost by the investment made to improve dependability.
The lost return is known as an opportunity cost. The life cycle cost analysis should take
account of the lost opportunity cost when considering the benefits of improved dependability
or other similar improvements.

B.1.3 Inflation

Due to the difficulties of accurately predicting inflation, it is usual for life cycle cost analysis to
be prepared at “constant prices”. Sometimes, however, for example in the case of a short life
cycle project, it may be possible to predict or agree on a rate of inflation to be included in the
analysis.

It is important to ensure that all cost elements and their dependencies that are affected by
inflation are fully addressed, and that they are addressed only once (no “double counting”).

B.1.4 Taxation

Taxes and subsidies (including grants and tax expenditures) can affect relative prices. Market
prices that include them may, for this and other reasons, not accurately reflect opportunity
cost or benefit. In life cycle cost analysis, the adjustment of market prices for taxation is
appropriate only where the adjustment may make a material difference. This is a matter for
case-by-case judgement, but it may be important to adjust for differences between options in
the incidence of tax arising from different contractual arrangements, such as in-house supply
versus buying-in, or lease versus purchase.

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 direct
taxes, such as income and corporation taxes, nor for import tariffs or property taxes. 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

Certain financial evaluation techniques can usefully be applied to life cycle costing. It is,
therefore, important that their concepts are fully understood before they are applied.

B.2.2 Discounted cash flow (DCF)

The discounting of cash flows is a fundamental principle that is applied to all modern methods
of investment appraisal. The purpose of DCF analysis is to determine the net present value
(NPV) of different future cost flow streams.

B.2.3 Internal rate of return (IRR)

Internal rate of return may be used in an investment appraisal to determine whether a
prospective investment is viable. If the calculated IRR is greater than an investor's required
rate of return, then the investment opportunity is deemed to be profitable.

The IRR is a special case of DCF analysis, where the percentage return of profit on the
investment is calculated based upon a net present value of zero. This implies a "break-even"
case, whereby the discounted future cash flows balance each other out, providing a minimum
rate that has to be met or exceeded. If, for example, a company requires a return of 12 % for
a new project to be worth investing in, then the calculated IRR has to be at least 12 %.

B.2.4 Depreciation and amortization

These are known as non-cash charges, as the company is not actually spending any money
on them. It is usually sensible to ignore them for LCC purposes as they tend to mask the
sensitivities of a company's operating cash flow analysis comparisons.

Depreciation is an accounting convention for tax purposes that allows companies to get a
benefit on capital expenditures as assets, such as computers, plant, machinery, etc. to
account for their wear-out. There are usually set periods over which an asset may be
depreciated 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.
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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, lists the different
elements included in the DCN.

The purpose of the analysis is to identify those cost elements whose contribution exceeds
predefined levels (e.g. x % of total LCC). To simplify the example, a number of potential
important costs have been excluded, e.g. costs for documentation, training, infrastructure,
administration, installation and maintenance of test equipment.

The analysis is based on “constant prices” and long-term mean values of time, cost and
technical parameters. A period of 15 years of operation of the product has been selected for
the analysis.

The availability of this type of data communication network is typically about 99,994 %. This
corresponds to approximately 30 min accumulated down time per year.

The following costs, related to the operation and maintenance phase, are considered relevant
for this example:

Cost element Abbreviation
Total costs for 15 years' operation and maintenance COM
Investments Cl
Operation (610)
Maintenance CM
Costs for investments for maintenance CIM
Spare replaceable units CIMSRU
Facilities for maintenance at site CIMFS
Facilities for maintenance at workshop CIMFW
Costs for annual 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.

1

i i
i i
1 |
! Communication system (CS) Data transport network (DTN) ‘
1 |
1 |
i i
; Communication system 1 (CS 1) g > :
1 I
i !
! Communication system 2 (CS 2) < P T
; HUB ;
i - |
1 - |
i i
1 |
é Communication system 30 (CS 30) < p |
i i
i i
i i

External communication to
operation and maintenance centre

(not included in this analysis)
IEC 719/04

Hub is a device used for data traffic
concentration and distribution

Figure C.1 — Structure of DCN

The analysis is performed using the following steps:

— definition of an appropriate cost breakdown structure (see Clause C.2);

— defining a detailed product breakdown structure including a compilation of technical and
cost data for the product (see Clause C.3);

— definition of cost categories (see Clause C.4);

— establish relation between the product breakdown structure and the cost categories
defined by means of cost elements (CE) (see Clause C.5);

— establish preconditions and assumptions for the analysis (see C.6.1);
— perform the cost calculations (see Clause C.6);
— presentation of costs in accordance with the cost breakdown structure.

C.2 Cost breakdown structure (CBS)

The cost breakdown structure (CBS) is a life cycle oriented way of classifying costs. The CBS
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.
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Total LCC
I
(C.6.5) Cost of operation and
maintenance
Total cost for 15 years' operation
and maintenance ?
— COM
CIMSRU
Total cost Costs
investment investments for (C.6.2)
ol maintenance CIMES
CIM
CIMFW
CYOL
Total cost Costs f?r
operation annua (C.6.3)
. U operation cYOoSs
Cco l
CYO
CYOU
Costs for (C.6.4)
Total cost annual CYMP
maintenance maintenance CYMCS
<« " CYM
CM CYMC
CYMCW
IEC 720/04

n =15 (number of years of operation considered in the analysis)

Figure C.2 — Cost breakdown structure used for the example in Figure C.1

C.3 Product breakdown structure

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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Table C.1 - First indenture level — Data communication network

Level 1 Item name Abbreviation Required availability performance QuaNntlty
Pq Communication system CS All downtime results in penalty cost 30
Ps Data transport network DTN 99,995 % per link 30
(1 per link)
Table C.2 — Second indenture level - Communication system
. Failure intensity (z) Cost per item Quantity
Level 2 Item name Abbreviation failures/10%/h cu N
P41 Power supply system PSS See Table C.3 See Table C.3 1
Pqo Main processor MP See Table C.4 See Table C.4 1
Pi3 Display console DC (RU) 5 per item 900 2
Pig4 Input/ output unit IOU (RU) 4 per item 300 1
Pi5 Fan system FS See Table C.5 See Table C.5 1
NOTE Replaceable unit (RU) is to be repaired at the “workshop level” and to be replaced at the “site level”.

Tables C.2 to C.5 give the cost for the purchase of replaceable units and consumables for the
operation and maintenance (O&M) phase.

The display console and the input/output unit are “replaceable units” and their further
breakdown is not necessary. The breakdown structure of the other items is described in

Tables C.3 to C.5.

Table C.3 — Third indenture level — Power supply system

e Failure intensity (z) Cost per item Quantity
Level 3 Item name Abbreviation failures/10%/h cu N
P11 Power supply unit PSU (RU) 18 per item 350 2
Pi1.2 Power control unit PCU (RU) 4 per item 200 1
P4 4.3 |Battery’ BATT (C) Negligible 100 8

Table C.4 — Third indenture level — Main processor

. Failure intensity (z) Cost per item Quantity
Level 3 Item name Abbreviation failures/10%h cu N
Pq21 Central processor CP (RU) 15 per item 4 000 2
P4 2o |Program store PS (RU) 18 per item 1 000 2
P40 3 |Data store DS (RU) 22 per item 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 cu N
P15.1 Fan FAN (C)® Negligible 40 4
P4 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
Rg Cost of consumables for maintenance at workshop
Rg Cost of preventive maintenance
R, Cost of corrective maintenance at site
Rg Cost of corrective maintenance at workshop
Rg Cost of software upgrading
Rqo Cost of leasing of data transport network
Ry Penalty cost due to accumulated downtime of DCN

C.5 Definition of cost elements

A cost element (CE) is the link between an individual item of the product/work breakdown
structure and a cost category under consideration. Cost elements are defined item by item as
applicable. The calculation of costs in Clause C.6 refers to the cost elements defined in
Figure C.3. The cost elements are the reference for all calculations, as well as for the
aggregation of costs, in accordance with cost breakdown structure.

Product breakdown
structure

(See Tables C.110 C.5) Example: co-ordinate (Rs ; P1.5)

A
Pis CE CE @/ CE
Pis.1 CE CE
P52 CE CE
P4 CE CE CE CE CE CE
Pi3 CE CE CE CE CE CE
P12 CE CE CE CE
P12 CE CE
Pi2s CE CE CE
Pi24 CE CE
P4 CE CE CE CE
Pi14 CE CE
P CE
P, CE
P, CE CE
p Cost categories
R4 Ry R3 Ry Rs Rg R7 Rg Ry Ry Ry (See Table C6)

IEC 721/04

Figure C.3 — Definition of cost elements
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C.6 Calculation of costs

C.6.1 Preconditions and assumptions

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

Mean repair time (MRT) = 0,5 h;

Mean technical delay (MTD) = 0,25 h;

Mean administrative delay (MAD) = 4 h;

Mean logistic delay (MLD) = to be calculated;

Cost per person hour (CPH) = CU 15;

Cost for DCN service downtime (CSD) = CU 25/min per communication system;

Useful life of a battery = 4 years;

Useful life of a fan = 9 years;

No preventive maintenance except for batteries and fans;

Cost for software upgrading including installation = CU 3 000 per communication system;

Interval for software upgrading = 1,5 years;

A central maintenance organization is used for maintenance at sites;

All replaceable units are repaired at a central workshop;

Turn-around-time (TAT) for replaceable units = 720 h (=30 days) ;

Cost for a portable test equipment for site maintenance (CPTS) = CU 2 500;

Cost for leasing of the data transport network = CU 50 000 per year.
To simplify calculations and to get a reasonable short average waiting time for spare
replaceable units (SRUs), a shortage probability (SP) of 1 % is used in this example. In a
more detailed calculation an optimization of the RUs investment, based on purchase costs

and availability requirements, should be performed. The term (1 - SP) is sometimes called
“level of protection”.

Failure intensities (z) and purchase costs for replaceable units and consumables are given in
Tables C.1 to C.5.

The scheduled service time for DCN is assumed to be 24 hours a day, 7 days a week.

The occurrence of failures in a given time interval is assumed to follow a homogeneous
Poisson process. Thus the waiting time between consecutive failure occurrences is
exponentially distributed (independent of time). It is also assumed that there are as many
repairmen as faults.

The calculations below refer to the cost breakdown structure shown in Figure C.2 and to the
cost elements shown in Figure C.3.

C.6.2 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.6.2.2t0 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 1 1 to P4 5,) apply where

- R3 is the investment in spare replaceable units (see Table C.6),

- Py444 isthe 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 protection (1 — SP) given a

specified turn-around-time (TAT) for the repair of replaceable units (RU). In accordance with
C.6.1, (1 — SP) = 0,99.

The mean waiting time (MWT) for a spare replaceable unit (SRU) at store can be
approximated as:

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

Using the above equation, the required number of spare replaceable units (NSRU) per

replaceable unit (RU) including investments and mean waiting times (MWT) is given in
Table C.7.

Table C.7 — Investments in spare replaceable units

Number of .
Total Mean waiting
Replacement spare Purchase cost . .
X : investment per . . times
unit replaceable per item SRU t Denomination MWT
RU units cu e %
NSRU
RU, (PSU) 3 350 1 050 CIMSRU(PSU) 1,8
RU, (PCU) 1 200 200 CIMSRU(PCU) 3,6
RU; (CP) 3 4 000 12 000 CIMSRU(CP) 1,8
RU, (PS) 3 1 000 3 000 CIMSRU(PS) 1,8
RUs (DS) 6 800 4 800 CIMSRU(DS) 1,0
RU¢ (DBS) 1 400 400 CIMSRU(DBS) 3,6
RU; (DC) 2 900 1 800 CIMSRU(DC) 2,4
RU;g (IOU) 1 300 300 CIMSRU(IOU) 3,6
RUy (AU) 1 80 80 CIMSRU(AU) 3,6
TOTAL — — 23 630 CIMSRU —
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 (Nz)ryMWTRy
RUq

RUg

> (Nz)ru

RU4

MLD =

Using the values from Tables C.2 to C.7:
MLD =1,6 h

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, where

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

P, 1 to P4 5 (see Table C.2).
Facilities for maintenance at site consist of portable test equipment. It is assumed that the
equipment is used in connection with all types of corrective maintenance at site. The required

number of equipments depends on the demand rate, which is related to the number of
corrective maintenance actions.

Using failure intensities and quantities from Tables C.2 to C.5, the expected total number of
corrective maintenance actions (NCMA) per year, for 30 communication systems, can be
calculated as:

NCMA = 30 x (5x2 + 4x1 + 18x2 + 4x1 + 15x2 + 18x2 + 22x4 + 3x1 + 2x1) x 10~6 x 8 760
= 56 actions per year.

The expected mean time between corrective actions will be 8 760/56 = 156 h.

Using data from C.6.1 and MLD above, the MTTR can be calculated to be equal to 6,35 h. The
average utilization time of the portable test equipment per corrective maintenance action is
approximately 4 + 0,25 + 0,5 + 4 » 9 h. This is a short time in comparison with the period of 156 h.

Estimation gives that investment (CIMFS) in two portable test equipments should give an
acceptable accessibility to the test equipment. The average waiting time for the portable test
equipment is included in the mean administrative delay (MAD) above.

CPTS = CU 2 500 (cost for a portable test equipment);
CIMFS =2 x CPTS = CU 5 000.

C.6.2.5 Costs, facilities for maintenance at workshop (CIMFW)
According to Figure C.3, cost elements (R,; P4 4 to P, 5) apply, where

R, is the investment in facilities for maintenance at workshop (see Table C.6);
P, 1 to P4 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 (R4y; P5) apply, where

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

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

C.6.3.2 Costs, software upgrading (CYOS)
According to Figure C.3, cost elements (Rq; P1.2.2) apply, where

Rgis the cost of software upgrading (see Table C.6);
P12 (see Table C.4).

According to C.6.1, the interval for upgrading of software is 1,5 years and the cost of
upgrading per communication system is CU 3 000. Ten upgrades during 15 years are
required. The average yearly cost for 30 communication systems is:

CYOS =30 x 3 000 x 10/15 = CU 60 000.

C.6.3.3 Costs, penalty due to downtime (CYOU)
According to Figure C.3, cost elements (R44; P, P4, P,) apply where

R4 is the cost penalty due to product down time or unavailability (see Table C.6);
P4, P, (see Table C.1).

Cost of product down time or unavailability is calculated as:
CYOU = 30 x (MADTCS + MADTDTN) x CSD
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 network
(minutes/year);

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 ADC?2 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;

ADC is the availability performance of the display console;

AlIOU is the availability performance of the input/output unit;

AFS is the availability performance of the fan system.

The individual availability values for each of the above systems are calculated using the
formula:

A=pl(ptz)
where

#=1MTTR and MTTR = MRT + MTD + MAD + MLD =0,5+ 0,25+ 4 + 1,6 = 6,35 h.
Power supply system (PSS)

Due to redundant power supply units and the fact that not all failures in power control units
affect the power supply system, the system failure intensity of the power supply system can
be estimated to be 3 failures/106 h and APSS = 99,998 %.

Main processor (MP)

The main part of the MP is duplicated. However, due to faults in the data bus system (DBS)
and downtimes related to built-in software restoration processes, its availability using

A= pl(p+2)

is estimated to be AMP = 99,995 %.

Display console (DC)

ADC = u/(u+ 5 x 1076)
ADC = 99,9968 %.

Input/output unit (I0U)

AIOU = 4 /(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

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

C.6.4 Costs for annual maintenance (CYM)
C.6.4.1 General

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

C.6.4.2 Costs, preventive maintenance (CYMP)
According to Figure C.3, cost elements (Rg; P4 1 3, P4 51) apply, where

Rg is the cost of preventive maintenance (see Table C.6);
P4 13 P15 4 (see Tables C.3 and C.5).

Cost for change of batteries:
CYMPBATT = cost of batteries (CBATT) + cost of maintenance (MPH x CPH).

The required maintenance personnel hours (MPH) per preventive action is assumed to be:
10 h (2 person x 5 h).

In accordance with C.6.1, the interval for change of batteries is 4 years. Thus three battery
changes occur over 15 years. Cost per person hour (CPH) = CU 15.

In accordance with Table C.3, the cost per battery is CU 100 and there are eight batteries in
each communication system.

Thus the average yearly cost, including all communication systems, based on a total 15 years'
operation is:

CYMPBATT =30 x 3/15 x ((8 x 100) + (10 x 15)) = CU 5 700.
Cost for change of fans:
CYMPFAN = 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 (CYMCS)

According to Figure C.3, cost elements (R;; P4 4 to P4 5) apply, where

R+ is the cost of corrective maintenance at site (see Table C.6);
P, 4 to P4 5 (see Table C.2).

CYMCS = NCMA x MPH x CPH + NCMA x average cost of consumables per maintenance
action.

NCMA is the total number of corrective maintenance actions per year = 56 (see C.6.2.4.) One
person is required per corrective maintenance action at site.

MPH per corrective maintenance action at site is assumed to be:
MRT + MTD + 2 x MAD + 1 h =9,75 h.

In accordance with C.6.1, the cost per personnel hour is equal to CU 15. The average cost of
consumables per corrective maintenance action is assumed to be CU 14.

CYMCS =56 x 9,75 x 15+ 56 x 14 = CU 8 974.

Costs, corrective maintenance at workshop (CYMCW)

According to Figure C.3, cost elements (Rg; P4 4 5 to P4 5 5) apply, where

Rg is the cost of corrective maintenance at workshop (see Table C.6);
P, 1,to Py, (see Tables C.3 to C.5).

CYMCW = NCMA x MPH x CPH + NCMA x average cost of consumables per repair.
The average 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.6.4.4 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) =15x CYO =15 x 192 800 = CU 2 892 000
Total cost of maintenance (CM) =15 x CYM = 15 x 19 122 = CU 286 830
Total cost for 15 years' operation and maintenance (COM)
=Cl+ CO + CM = CU 3 237 460.

C.6.6 Presentation of undiscounted costs related to the cost breakdown structure

A comparison of the costs of investment, annual operation and maintenance is shown in

Figure C.4.
Annual cost
cu for operation
A
CYO
200 000
CYOL
175 000
150 000
CYOS
125 000
100 000 Investments
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 1000 instead of CU 800. The

improved reliability will reduce the required spare replaceable units (RUjs) 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 number of corrective maintenance action will be reduced from 56 to 44. This will reduce
CYMCS to CU 7 7051 and CYMCW to CU 2 772.

The main saving for this investment however will be in the area of product unavailability cost
(CYOU), as this should increase the availability of the main processor. The AMP is estimated
to be 99,998 % instead of 99,995 %. This provides an overall system availability ACS of
99,987 % thus giving a communication system accumulated downtime of 68,3 min per year,
and a cost penalty due to product down time or unavailability (CYOU) of CU 70 950 per year.

C.7.2 Display console

Investment in one extra display console per communication system, to get a two-out-of-three
redundancy, gives ADC = 0,999999997 for this configuration.

The ACS will increase to (0,99984 x 0,999999997)/(0,999968)2 = 0,9999.

This will reduce MADTCS from 84,1 min per year to 52,6 min per year, and this gives a
reduction of the product unavailability cost (CYOU) that equals:

30 x (84,1 — 52,6) x 25 = CU 23 625 per year.

The initial investment in display consoles will increase by 30 x 900 = CU 27 000.
The required number of spares RU7 (DC) will still be 2.

The number of corrective maintenance actions per year will increase by
30 x5x1x 108 x 8760 = 1,3 actions per year, equal to 2,3 %.
Thus, the 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.7.4 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 Revenue generation to be used for discounted cash flow analyses

The revenue from the use of the data communication network is estimated to be:

— CU 600 000/year for year 5 to 11;

— CU 75000 for year 1 and 15 each;
— CU 225 000 for year 2 and 14 each;
— CU 375 000 for year 3 and 13 each;
— CU 525 000 for year 4 and 12 each.

C.9 Example illustrating cash flow analysis

C.91 General
In order to analyse the cash flows associated with different LCC options, it is necessary to

recalculate the costs in this example. This is required so that the “per-year” expenditures and
revenues can be determined, and discounted cash flow techniques can be illustrated.

In this example, the first year of operation will be known as year 0. Other conventions may
apply in different applications.

Residual value is assumed to be zero at the end of the operation and maintenance phase.

C.9.2 Cost of spare replaceable units
CIMSRU (See C.6.2.2)

As part of the investment cost for maintenance, CIMSRU is spent prior to the start of the
operation and maintenance phase. It is therefore assumed that it is expended at the
beginning of year 0.

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
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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 C.6.3.1)

In C.6.3.1, costs per annum are calculated to be CU 50,000.

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

Cu(000) | 50,0 | 50,0 | 50,0 | 50,0 | 50,0 | 50,0 | 50,0 | 50,0 [ 50,0 | 50,0 | 50,0 | 50,0 | 50,0 | 50,0 | 50,0

C.9.6 Cost of software upgrading
CYOS (See C.6.3.2)

Software upgrading costs are CU 3 000 per system = CU 3 000 x 30 =CU 90 000.

Upgrades will be required in years 1, 3, 4,6, 7,9, 10, 12, 13, 15.

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

CuU(000) 90 90 90 90 90 90 90 90 90 90

C.9.7 Cost penalty due to product down time or unavailability

CYUO (See C.6.3.3)

The penalty cost of the system for being unavailable is CU 82 800 per year of operation.

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

CU(000) (82,8 82,8 82,8 82,8 82,8 (82,8828 (82,8828 (82,8828 (82,8 (82,8(82,882,8

C.9.8 Cost of 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

CuU(000) 28,5 28,5 28,5
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C.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 15
CU(000) 13,8

C.9.10 Cost of corrective maintenance at site

CYMCS (See C.6.4.3)

As the population and usage of the systems is constant throughout the O&M phase, the cost
of corrective maintenance at site is assumed to be constant. Annual cost is therefore as
follows:

Year 0 |1 2 3 4 5 6 7 8 9 10 |11 12 |13 |14 |15
Cu(000) {9,0 {90 (9,0 |9,0 |90 |90 |90 (9,0 [9,0 9,0 |90 |90 |90 (9,0 [9,0

C.9.11 Cost of corrective maintenance at workshop

CYMCW (See C.6.4.3)

As the population and usage of the systems is constant throughout the O&M phase, the cost
of corrective maintenance at workshop is assumed to be constant. Annual cost is therefore as
follows:

Year 0 [1 2 3 4 5 6 7 8 9 10 |11 |12 |13 |14 (15
Ccu(000) (3,5 (3,5 (35 (35 (35 (35 (35 [35 (3,5 35 |35 |35 |35 (35 |35

C.10 Life cycle cost outputs

C.10.1 Benefits of discounting

The benefits of applying discounted cash flow (DCF) techniques in order to 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 main saving for this investment however, will be in the area of product unavailability cost
(CYOU), as this should increase the availability of the main processor from 99,995 % to
99,997 %. This provides an overall availability ACS of 99,9861 %, giving a communications
system downtime of 73 min per year, and an unavailability cost (CYOU) of CU 77 475 per
year.

These changes are summarized in Figure C.7. There is an "over life" cost saving in
undiscounted terms of CU 000s (3 237,5 — 3 156,7) = CU 80 800 (2,49 %), and a discounted
saving of CU 000s (2 332,8 — 2 273,8) = CU 59 000 (2,53 %).

These savings are achieved by an additional investment of 0,006 % in undiscounted cost.
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Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
CIMSRU 23,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
CIMFS 5,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
CIMFW 30,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
CYOL 50,00 50,00| 50,00 50,00 50,00/ 50,00/ 50,00 50,00 50,00 50,00 50,00/ 50,00/ 50,00 50,00| 50,00 0,00
CYOS 0,00 90,00 0,00 90,00 90,00 0,00 90,00 90,00 0,00| 90,00 90,00 0,00| 90,00 90,00 0,00 90,00
CYUuoO 82,80 82,80| 82,80 82,80 82,80 82,80| 82,80 82,80 82,80| 82,80 82,80| 82,80| 82,80 82,80| 82,80 0,00
CYMPBAT 0,00 0,00 0,00 0,00 28,50 0,00 0,00 0,00 28,50 0,00 0,00 0,00| 28,50 0,00 0,00 0,00
CYMPFAN 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13,82 0,00 0,00 0,00 0,00 0,00 0,00
CYMCS 8,97 8,97 8,97 8,97 8,97 8,97 8,97 8,97 8,97 8,97 8,97 8,97 8,97 8,97 8,97 0,00
CYMCW 3,53 3,53 3,53 3,53 3,53 3,53 3,53 3,53 3,53 3,53 3,53 3,53 3,53 3,53 3,53 0,00
Total p.a. 203,93| 235,30 145,30 235,30| 263,80| 145,30| 235,30 235,30| 173,80 249,12| 235,30| 145,30| 263,80| 235,30| 145,30 90,00
NPV factor 1,00 0,91 0,83 0,75 0,68 0,62 0,56 0,51 0,47 0,42 0,39 0,35 0,32 0,29 0,26 0,24
NPV 203,93| 213,91| 120,08| 176,79| 180,18 90,22 132,82 120,75 81,08| 105,65 90,72| 50,93| 84,06 68,16| 38,26 21,55
Discount rate 10,00 % Sum of cash flow 32375 Sum of NPV 17791

IEC 723/04

Figure C.5 — Net present value (10 % discount rate)

Figure C.5 shows that the net present value is a result of discounting the future cash flows by investing the "per year" sum until it is required and
then reducing the sum by the return on the investment. By investing the capital until it is required, a saving of CU (3 237,5 -1779,1) = CU 14584
over the O&M phase is achieved. If a return of only 5 % was possible, then the saving would only be CU (3 237,5 — 2 332,8) = CU 914,7 as shown in
Figure C.6.



Year, 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
CIMSRU 23,63| 0,00 0,00| 0,00 0,00 0,00/ 0,00 0,00 0,00| 0,00 0,00 0,00] 0,00 0,00 0,00 0,00
CIMFS 500| 0,00 0,00/ 0,00 0,00 0,00/ 0,00 0,00 0,00| 0,00 0,00 0,00] 0,00 0,00 0,00 0,00
CIMFW 30,00/ 0,00 0,00| 0,00 0,00 0,00/ 0,00 0,00 0,00 0,00 0,00 0,00] 0,00 0,00 0,00 0,00
CcYyoL 50,00/ 50,00| 50,00| 50,00/ 50,00 50,00 50,00 50,00/ 50,00 50,000 50,00/ 50,00| 50,00| 5000 5000 0,00
CYOS 0,00| 90,00 0,00| 90,00| 90,00/ 0,00/ 90,00/ 90,00{ 0,00 90,00 90,00/ 0,00| 90,00| 90,00 0,00| 90,00
CYUo 82,80 82,80| 82,80| 82,80| 82,80 82,80 82,80| 8280 82,80 82,80 82,80| 82,80| 82,80| 82,80 82,80, 0,00
CYMPBAT 0,00/ 0,00 0,00/ 0,00| 2850/ 0,00/ 0,00 0,00| 2850| 0,00 0,00 0,00 2850 0,00 0,00 0,00
CYMPFAN 0,00 0,00 0,00 0,00 0,00 0,00/ 0,00 0,00 0,00| 13,82 0,00 0,00] 0,00 0,00 0,00 0,00
CYMCS 897| 897 8,97| 8,97 897| 897 897 8,97 897| 897 897| 897| 897 8,97 8,97 0,00
CYMCW 3,53| 3,53 3,53| 3,53 3,53| 3,53| 3,53 3,53 3,53| 3,53 3,53| 3,53| 3,53 3,53 3,53 0,00
Total 203,93| 235,30| 145,30| 235,30| 263,80 145,30 235,30| 235,30| 173,80 249,12| 235,30| 145,30| 263,80 | 235,30| 145,30, 90,00
NPV factor 1,00| 0,95 0,91 0,86 0,82 0,78| 0,75 0,71 0,68 0,64 0,61 0,58| 0,56 0,53 0,51 0,48
NPV 203,93| 224,10 131,79| 203,26| 217,03| 113,85| 175,59| 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 ’ 3237,5 | Sum of NPV 2332,8
. . IEC 724/04
Figure C.6 — Net present value (5 % discount rate)
Year| 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
CIMSRU 22,67| 0,00 0,00 0,00 0,00 0,00/ 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
CIMFS 5,00 0,00 0,00 0,00 0,00 0,00| 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
CIMFW 30,00/ 0,00 0,00 0,00 0,00 0,00/ 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
CYyoL 50,00/ 50,00| 50,00/ 50,00/ 50,00/ 50,00 50,00/ 50,00] 50,00 50,00 50,00 50,00 50,00 50,00/ 50,00 0,00
CYos 0,00] 90,00/ 0,00| 90,00 90,00 0,00] 90,00 90,00 0,00| 90,00| 90,00 0,00| 90,00/ 90,00 0,00| 90,00
CYUO 77,48| 77,48 77,48\ 7748| 77,48 77,48| 77,48| 77,48| 77,48 77,48 77,48 77,48 77,48 77,48| 77,48 0,00
CYMPBAT 0,00 0,00 0,00 0,00 28,50 0,00/ 0,00 0,00| 28,50, 0,00 0,00 0,00/ 28,50, 0,00 0,00 0,00
CYMPFAN 0,00 0,00 0,00 0,00 0,00 0,00/ 0,00 0,00 0,00| 13,82 0,00 0,00 0,00 0,00 0,00 0,00
CYMCS 8,97 8,97 8,97 8,97 8,97 8,97| 897 8,97 8,97 8,97 8,97 8,97 8,97 8,97 8,97 0,00
CYMCW 3,53 3,53 3,53 3,53 3,53 3,53 3,53 3,53 3,53 3,53 3,53 3,53 3,53 3,53 3,53 0,00
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 1,00 0,95 0,91 0,86 0,82 0,78 0,75 0,71 0,68 0,64 0,61 0,58 0,56 0,53 0,51 0,48 i
NPV 197,65| 219,03 126,97| 198,67 212,65 109,68| 171,62| 163,44| 114,04| 157,16| 141,19] 81,84 | 143,93 | 121,96| 70,70| 43,29 8
S
=)
Discount rate ’ 5,00 % |Sum of cash flow CU 000's 3156,7 | |Sum of NPV CU 000's 22738 CI.Q
. . . . ags . IEC 725/04
Figure C.7 — NPV with improved data store reliability (5 % discount rate) gl.g -
o &
S8
= 5
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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 Clause D.2, an LCC model based on the six major life cycle phases is illustrated. LCC is
then calculated by adding the different costs for each life cycle phase.

The example in Clause D.3 illustrates an LCC model where LCC at level one is divided into
acquisition cost and cost of ownership.

D.2 LCC model based on costs for the life cycle phases

NOTE The model in this example is developed by adding the costs for the different life cycle phases of a new
product.

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

LCC =Cep + Cpp * Cm *+ €+ Com + Cp
where

LCC s the life cycle cost;

Ccp is the cost of concept and definition phase;

Cpp is the cost of design and development phase;
Cym  is the cost of manufacturing phase;

C, is the cost of installation phase;

Com is the cost of operation and maintenance phase;
Cp is the cost of disposal phase.

D.2.2 Second level breakdown

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 s 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 = Cppm * Cppe * Cppp * Cpot * Cops * Cpop * Cppv + Copa *Cpor * Copi * CopL
where

Cppm is the cost for project management;

Cppe is the cost for design engineering;

Cppp is the cost for design documentation;

Cppt is the cost for testing, evaluation and validation;
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;

Cppr is the cost for risk analysis;

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

D.2.2.3 Manufacturing phase (Cy)
The cost of the manufacturing phase C), is given by:
Cm = Cun *+ Cur
where
Cun s the cost for manufacturing, non-recurring;
Cumr  is the total cost for manufacturing, recurring.
D.2.2.4 Installation phase (C))
The cost of the installation phase C, is given by:
G =COn*COR
where

CiN is the cost for installation, non-recurring;
CRr is the 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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Como is the cost for operation;
Comc is the cost for corrective maintenance;
Comp is the cost for preventive maintenance;
Comy is the cost for upgrading.

NOTE Significant investment costs can be incurred with upgrades.

For the calculation of Coyo and Copc, see D.2.3.1.

D.2.2.6 Disposal phase (Cp)

The cost of the disposal phase Cp is given by:
Cp = Cps + Cpp * Cpr

where

Cps is the cost for system shutdown;
Cpp is the cost for disassembly and removal;
Cpr is the cost for recycling or safe disposal.

D.2.3 Third level breakdown

NOTE As an example of third level breakdown, the costs for the operation and maintenance phase are given
below.

D.2.3.1 Operation and maintenance phase
D.2.3.1.1 Operation cost
The operation cost Cq) o is given by:

Como = ComoL * Comom * Comop * -~ - -
where

ComoL is the cost for labour;
Comom is the cost for material and consumables;
Comop is the cost for power, etc.

D.2.3.1.2 Corrective maintenance cost

The corrective maintenance cost Cq)c is given by:

Comc = ComcL * Comck * Comce * Comcs

where

ComcL is the cost for labour;

Comcr is the cost for facilities;

Comcc is the cost for contractor services;
Comcs is the cost for software maintenance, etc.

Costs of replacement parts, shipping, and loss of function may be added here. Even elements
for credit of returnables may be included.
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D.3 LCC model based on acquisition cost and ownership cost

D.3.1 General

In this example, a subset of the life cycle cost elements is addressed.

It should be noted that the model is not complete, it is just an illustration of how an LCC
model may be structured and how the costs associated with some of the different cost
elements may be calculated. For some parts, the cost breakdown structure is presented down
to the lowest desirable level and for other parts, just the intention is indicated.

If it is desirable to compare all costs at the same base date, the present value method may be
used.

Please note that this is an example and that all cost elements may not be required and that
others may have to be added.

D.3.2 Hierarchical structure

The hierarchical structure is shown in Figure D.1.
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Level 1

LCC —‘—

Level 2 Level 3 Level 4 Level 5 Level 6 Level 7
LCCA
LCCO LSC Cl CIS CsiIC
LCISR
CIM CIMR
L CIMC
CIT CITC
i: CITI
CITM
CID CIDC
— ADPxCY—CYC CYCM CYCMM
—|:CYCMS
—— CYP CYPM
—— CYS CYSP
—CO
—LUC

IEC 726/04

D.3.3
D.3.3.1

Figure D.1 — Hierarchical structure

Level 1 costs

Life cycle cost, LCC, is given by

LCC =LCCA + LCCO

where

LCC
LCCA

support excluded);

LCCO

is the ownership cost.

Cost elements level 1to 7

is the life cycle cost as defined for this model;

is the acquisition cost (investment cost of resources for operation and maintenance
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D.3.3.2 Level 2 costs
D.3.3.2.1 Life cycle cost, acquisition, LCCA

LCCA is the acquisition cost where the investment cost of resources for operation and
maintenance support is excluded.

D.3.3.2.2 Life cycle cost, ownership, LCCO
LCCO =LSC + LCU
where

LSC is the support cost over the product life;
LCU is the unavailability cost over the product life.

D.3.3.3 Level 3 costs

D.3.3.3.1 Life support cost, LSC
LSC = CI + (ADP x CY)+ CO

where

LSC is the support cost over the product life;

Cl is the cost for investment in maintenance support resources;

CYy is the cost for maintenance, per annum;

ADP is the application factor to consider the number of years and interest to be used;
CcO is the cost for operation.

D.3.3.4 Level 4 costs (examples)

D.3.3.4.1 Cost for investment

Cost for investment in maintenance resources, Cl, is given by:
Cl=CIS+CIM+CIT + CID

where

CIS is the cost for investment in spares;

CIM is the cost for investment in maintenance equipment, instruments and tools;
CIT is the cost for investment in training;

CID is the cost for investment in documentation.

D.3.3.4.2 Cost for operation

Operating cost, CO, may be calculated by considering the following cost elements as
appropriate:

— energy consumption cost;

— person hour cost;

— material consumption cost;

- etc.

For costs that will be constant through their lifetime, the annual cost may be multiplied with a
discount factor fto obtain the cost over the lifetime.



Page 54
EN 60300-3-3:2004

m

T ()i Z(1+r)

(1+r) .
where
ty is the base year for the evaluation;
t is the time for start up of operations;
m is the number of years in operation;
r is the discount rate to be used for the evaluation.
D.3.3.5 Level 5 costs (examples)

Cost of investment in maintenance equipment, CIM, is given by:
CIM = (NC x CIMC) + (NR x CIMR)
where

CIMC is the cost for investment in maintenance equipment for a central workshop;
CIMR is the cost for investment in maintenance equipment for a regional workshop;
NC is the number of central workshops;

NR is the number of regional workshops.

D.3.3.6 Level 6 costs (examples)

3.3.6.1 Cost elements level 6

CISC is the cost for investment in repairable units at central level,

CISR is the cost for investment in repairable units at regional level;

CIMR is the cost for investment in maintenance equipment for all regional workshops;

CIMC is the cost for investment in maintenance equipment, tools, lifting aids, etc. for the
central workshop;

CITC is the cost for investment in training at central level,;
CITl is the cost for investment in instructions;

CITM is the cost for investment in training material;

CIDC is the cost for investment in documentation;

CYCM is the annual cost, corrective maintenance;

CYPM is the annual cost, preventive maintenance;

CYSP is the annual cost for the consumption of spare parts.

3.3.6.2 Cost for investment
Cost for investment in maintenance equipment for a central workshop, CIMC, is given by:

M
CIMC = APV x ZNMC(J’I)X CSMC(J1)
J1=1
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where

APV is the application factor due to possible existence of price variation clauses
related to contractor and investment;

M is the number of different types of maintenance aids needed at the central

workshop;
NMC(J1) is the number of maintenance aids of type J1 at central workshop;
CSMC(J1) is the unit cost for maintenance aid of type J1.

3.3.6.3 Annual costs, corrective maintenance, CYCM

CYCM = CYCMM + CYCMS
where
CYCMM is the average annual corrective maintenance person hour cost;
CYCMS is the cost for spare parts consumption.

To calculate CYCMM, the following formula may be used:

CYCMM = A1 x 8 760 x MRT x P x M
where
OYCCM is the zero-setting constant for this equation;
CYCMM is the average annual person hour cost for corrective maintenance;

At is the total failure rate as number of failures per hour. This includes all failures;

8 760 is the number of hours in a year;

MRT is the mean repair time, the time in hours it takes to restore a faulty item back to
operating conditions;

P is the number of persons required to do the work;

M is the person hour rate.

The average annual costs may be discounted as shown below.

The base year for the analysis is established. All costs are then discounted back to this base
year to take into account the time value of money. For this, the following formula is applied:

n S[
2 A+ k)’

t=0

where

Sy is the net cost in year . This can be assumed equal for all the years, it can vary
according to production, or it can have some other given variation throughout the
lifetime;

n is the lifetime of the equipment/ function to be evaluated. When the required lifetime of
the equipment exceeds the expected lifetime, the required life is used;

k is the discount rate/interest rate to be used for the evaluation.

CYCMS = A1 x 8 760 x average spares cost:
where
At is the total failure rate as number of failures per hour. This includes all failures;
8 760 is the number of hours in a year.
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Annex E
(informative)

Example of a product breakdown structure
and LCC summary for a railway vehicle

Railway operators around the world are increasingly applying life cycle costing to assist in the
choice between tenders for the supply of rolling stock and fixed installation equipment. The
example illustrates a product breakdown structure (PBS) for a rail vehicle that is used as the
basis for an LCC model for the fleet of multiple units to be procured.

For each item of vehicle equipment specified within the generic PBS (see Figure E.1), LCC
data (by cost category) are provided by suppliers for their respective equipment, in a
spreadsheet format, for input to the LCC model. The LCC model contains details of the fleet,
multiple unit and equipment used in each vehicle of the multiple unit. It also contains the
labour and overhead rates and power consumption usage and costs specific to the territory
where the vehicles will be operated and maintained.

The LCC model is designed to produce various reports for a variety of purposes. Table E.1 is
a high-level summary that illustrates the distribution of the costs by PBS and the various cost
categories.



locomotive,

Railway vehicle

multiple unit, metro, light rail, coach, etc.

Figure E.1 — Vehicle system product breakdown structure

1.0 Car body 2.0 Bogies and 3.0 Power supply 4.0 Propulsion 5.0 Auxiliaries 6.0 Braking 7.0 Interiors 8.0 Control and 9.0 Specials
running gear communication
1.01 Body 2.01 Bogie 3.01 Line 4.01 Propulsion 5.01 Air supply 6.01 Braking 7.01 Interior 8.01 Infrastructure 9.01 Tilt
I structure I structure | voltage system system control architecture train control system | system
1.02 Exterior 2.02 Suspension 3.02 Engine 4.02 Electric 5.02 Hydraulic 6.02 Brakes 7.02 Heat, ventilation 8.02 Train and 9.02 Snow protector
| aesthetics | | system power cond. system and air conditioning vehicle control de-icing
1.03 Exterior 2.03 Wheel (set) 3.03 Generator 4.03 Electric 5.03 Battery 7.03 Interior 8.03 Fault 9.03 Other special
| doors/steps | | power conv. system doors | diagnostics equipment
1.04 Couplers 2.04 Traction 5.04 Auxiliary 7.04 Water 8.04 Data
| | line electric system services communications
1.05 Gangways 2.05 Bogie 7.05 Catering 8.05 Information
| | additions | systems
1.06 Window 7.06 Ticketing
] units
1.07 Body 7.07 Lighting
] additions
IEC 727/04
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Table E.1 - Life cycle

cost summary by product breakdown structure

. Non- Non- Non- . Percentage
WBS System Af:(_qw- Special Sche(_iuled Sche(_iuled Schet_iuled scheduled | scheduled scheduled Total life life cycle
ref description sition Spares tools maint. maint. maint. maint maint maint cycle cost
' costs labour material total ’ . ' cost
labour material total %
1.0 Car body 51781 5471 24716 30 187 208 4 587 4795 86 763 73
2.0 Bogies and 5820 25 0 25 0 0 0 5845 5
running gear
3.0 Power supply 5811 3 0 3 0 0 0 5814 5
4.0 Propulsion 3399 2118 2974 5092 54 595 649 9140 8
5.0 Auxiliaries 1975 0 0 0 0 13 13 1988 2
6.0 Braking 487 56 438 494 0 0 0 981 1
7.0 Interiors 0 0 0 0 0 0 0 0 0
8.0 Control and 7 151 361 412 773 3 7 10 7 934 7
communi-
cation
9.0 Specials
Totals 76 424 0 0 8034 28 540 36 574 265 5202 5 467 118 465 100
NOTE: All costs are in CUs.
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Normative references to international publications
with their corresponding European publications

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced

document (including any amendments) applies.

NOTE  Where an international publication has been modified by common modifications, indicated by (mod), the relevant

EN/HD applies.

Publication Year Title

IEC 60050-191 1990 International Electrotechnical Vocabulary
(IEV)
Chapter 191: Dependability and quality of
service

IEC 60300-3-12 - 1) Dependability management
Part 3-12: Application guide - Integrated
logistic support

IEC 61703 - Mathematical expressions for reliability,
availability, maintainability and
maintenance support terms

IEC 62198 -1 Project risk management - Application
guidelines

1) Undated reference.

2) Valid edition at date of issue.

EN 60300-3-12

EN 61703

Year

2004 2)

2002 ?
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