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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DEPENDABILITY MANAGEMENT -
Part 3-3: Application guide — Life cycle costing

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60300-3-3 has been prepared by the IEC technical committee 56:
Dependability.

This third edition cancels and replaces the second edition published in 2004. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) addition of a complete analysis process;
b) greater reference to international accounting practices;

c) increased discussion of financial concepts.
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The text of this standard is based on the following documents:

FDIS Report on voting
56/1713/FDIS 56/1720/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 60300 series, published under the general title Dependability
management, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

Life cycle costing is the process of performing an economic analysis to assess the cost of an
item over a portion, or all, of its life cycle in order to make decisions that will minimize the
total cost of ownership while still meeting stakeholder requirements. Generally, an
organization may only be able to, or need to, evaluate cost for a portion of the total life of an
item. Across the life of any item, decisions involving a trade-off between current and future
costs will be necessary. This trade-off process will be enhanced by defining the short and
long term implications of feasible expenditure decisions.

The principal use of this document is to compare one alternative system solution to another
where future cost of ownership comprising maintenance, operations, enhancement and
disposal actions is significant and require a balance between the cost of acquisition and the
residual unrealized risk of ownership. Such a balance is achieved by technical and monetary
assessments that take into account varying outcomes of availability, reliability, maintainability
and supportability. Life cycle costing can also provide essential data to develop budgetary
estimates.

This document is also intended to assist those who may be required to specify, commission
and manage such activities when undertaken by others.

The highest value from life cycle costing is achieved early in the life of an item when many
configuration options are possible and influence on future costs the greatest. Studies have
shown that life cycle costs are mostly committed and the opportunity for affordable change is
progressively reduced as item detailed design is approached.

Life cycle costing comprises only expense elements, which may be tangible or intangible;
revenue or value outcomes are not included. Costs comprise all expected future expenditure
including financial allowance for residual risk. Value outcomes, such as revenue, are analysed
in the subsequent financial or economic trade-off analysis that use the results of the life cycle
cost analysis.

Analysis outcomes are often presented as a single figure representing all future expenditures
at a single point in time. The analysis may also be presented as a future cost profile without
inclusion of the time value of money. However, as future costs are uncertain in both
approaches, the analysis may also be presented as a probability distribution to highlight any
potential sensitivity of the outcome to that uncertainty.

When assessing the impacts of potential options, analysts may need to cost intangible
outcomes such as safety exposure, loss of public amenity or damage to corporate image. The
use of multi-attribute rank ordering or semi-quantitative matrixes are not applicable for
assessing these impacts as life cycle costing has a quantitative outcome of cost, namely: life
cycle cost (LCC). Many quantitative techniques, such as “willingness to pay” or “choice
modelling” have been developed and are often applied to assure all direct consequences are
included in the analysis.

The approach defined in this document recognizes that life cycle costing has been applied for
many decades across many industries, some of which have developed their own set of terms
and language. An organization may adapt the terms used in this document to their context of
use to ensure that the intent of this document is achieved.
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DEPENDABILITY MANAGEMENT -

Part 3-3: Application guide — Life cycle costing

1 Scope

This part of IEC 60300 establishes a general introduction to the concept of life cycle costing
and covers all applications. Although costs incurred over the life cycle consist of many
contributing elements, this document particularly highlights the costs associated with the
dependability of an item. This forms part of an overall dependability management programme
as described in IEC 60300-1 [1]1.

Guidance is provided on life cycle costing for use by managers, engineers, finance staff, and
contractors; it is also intended to assist those who may be required to specify and commission
such activities when undertaken by others.

2 Normative references

There are no normative references in this document.

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/
e |SO Online browsing platform: available at http://www.iso.org/obp
3.1.1

acquisition cost
initial cost of developing and realizing an item so it can be utilized and placed into service

3.1.2
amortization
paying off of debt with a fixed repayment schedule in regular instalments over a period of time

Note 1 to entry: Amortization is also defined as the spreading out of capital expenses for intangible assets over a
specific period of time (usually over the asset's useful life) for accounting and tax purposes.

3.1.3
base date
fixed point in time set as the common cost reference

3.1.4
cost breakdown structure
framework of cost elements so that they can be distinctly defined and estimated

1 Numbers in square brackets refer to the Bibliography.
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3.1.5
cost driver
cost element that has a major influence on the life cycle cost

3.1.6
cost element
component of life cycle cost for which cost data are, or can be, collected

3.1.7
depreciation
method of allocating the cost of a tangible asset over its useful life

3.1.8

discount rate

factor or rate reflecting the time value of money that is used to convert cash flows occurring at
different times to a base date

3.1.9
intangible item
identifiable non-monetary item without physical substance

Note 1 to entry: The item is separable, that is, is capable of being separated or divided from the entity and sold,
transferred, licensed, rented or exchanged, either individually or together with a related contract, asset or liability.

Note 2 to entry: The item arises from contractual or other legal rights, regardless of whether those rights are
transferable or separable from the entity or from other rights and obligations.

Note 3 to entry: An intangible item is recognised if, and only if:
e itis probable that the expected future economic benefits that are attributable to the asset will flow to the entity,

e the cost of the asset can be measured reliably.

[SOURCE: IAS 38]

3.1.10
item
subject being considered

Note 1 to entry: The item may be an individual part, component, device, functional unit, equipment, subsystem, or
system.

Note 2 to entry: The item may consist of hardware, software, people or any combination thereof.

Note 3 to entry: The item is often comprised of elements that may each be individually considered. See sub item
(192-01-02) and indenture level (192-01-05) in IEC 60050-192:2015.

[SOURCE: IEC 60050-192:2015, 192-01-01, modified — Notes 4 and 5 deleted]

3.1.11
liability cost
cost associated with actual or alleged non-compliance with statutory or contractual obligations

3.1.12
life cycle
series of identifiable stages through which an item goes, from its conception to disposal

EXAMPLE A typical system lifecycle consists of: concept and definition; design and development; construction,
installation and commissioning; operation and maintenance; mid-life upgrading, or life extension; and
decommissioning and disposal.

Note 1 to entry: The stages identified will vary with the application.

[SOURCE: IEC 60050-192:2015, 192-01-09] Documents
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3.1.13

life cycle cost

whole life cost

LCC

<of an item> total cost incurred during the life cycle

Note 1 to entry:  See also life cycle costing (3.1.14).

[SOURCE: IEC 60050-192:2015, 192-01-10]

3.1.14

life cycle costing

process of economic analysis to assess the cost of an item over its life cycle or a portion
thereof

[SOURCE: IEC 60050-192:2015, 192-11-11]

3.1.15

mean operating time to failure

MTTF

expectation of the operating time to failure

Note 1 to entry: In the case of non-repairable items with an exponential distribution of times to failure (i.e. a
constant failure rate) the MTTF is numerically equal to the reciprocal of the failure rate. This is also true for
repairable items if after restoration they can be considered to be "as-good-as-new".

Note 2 to entry: See also operating time to failure (IEC 60050-192:2015, 192-05-01).

[SOURCE: IEC 60050-192:2015, 192-05-11]

3.1.16

mean operating time between failures

MTBF

MOTBF

expectation of the duration of the operating time between failures

Note 1 to entry: Mean operating time between failures should only be applied to repairable items. For non-
repairable items, see mean operating time to failure (3.1.15).

[SOURCE: IEC 60050-192:2015, 192-05-13]

3.1.17

ownership cost

total cost of utilizing an item including all operating, maintenance and unrealized risk costs
until the end of its life cycle

3.1.18
time value of money
measurement of the difference between future and the present-day value of monies

3.1.19

useful life

<of an item> time interval, from first use until user requirements are no longer met, due to
economics of operation and maintenance, or obsolescence

Note 1 to entry: In this context, “first use” excludes testing activities prior to hand-over of the item to the end-
user.

[SOURCE: IEC 60050-192:2015, 192-02-27]
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3.2 Abbreviated terms

Abbreviated term Definition

CBS cost breakdown structure

Cu currency unit

DCF discounted cash flow

GAAP generally accepted accounting procedures
IASB International Accounting Standards Board
IFRS international financial reporting standards
IRR internal rate of return

kCU 1 000 currency units (CU)

LCC life cycle cost

LORA level of repair analysis

MTBF mean operational time between failures
MTTF mean time to failure

NPV net present value

VAT value added tax

4 Concepts of life cycle costing

4.1 Objectives of life cycle costing

The objective of life cycle costing is to assist decision-makers in selecting the most
appropriate alternative options at any time throughout the life cycle of an item. The life cycle
cost analysis only adds value when it informs decision-making. Whether a supplier is aiming
to penetrate a new competitive market or a purchaser is looking to buy a new item, life cycle
costing can provide important data and guidance information enabling decision-makers to
evaluate available options. These activities should form part of a dependability management
programme as described in IEC 60300-1 [1].

In the context of the life cycle, options can be evaluated in terms of their relative cost,
timescale, performance, dependability or other considerations. Options can also be evaluated
in terms of design concepts, such as the benefits of economy-of-scale savings resulting from
commonality in design and structure, or whether to invest in an improvement programme.
Where there are few or no options, the analysis can also provide essential data to develop
budgetary estimates for the utilization stage, or decisions to bid (or not) for new work.

When defining the objectives of an analysis, it is important to decide if a comprehensive
analysis or a more limited one should be performed. The purpose of life cycle costing may
relate to evaluation of alternatives, financial planning or, as is often the case, situations where
both are required.

When life cycle cost analysis is used in financial planning, the full range of costs may have to
be considered. This is usually a detailed analysis where there will be less uncertainty and
greater accuracy in the results, but extensive and accurate input data will be required.

If the intent of the analysis is to evaluate alternatives, only cost elements that relate to the
comparison need be included. This is usually a comparative analysis where less input data
will be needed, but will provide less accuracy and only a relative ranking of options.

The life cycle cost analysis can be beneficially performed by a supplier, manufacturer, sales
organization, commissioning authority or installer. It can also be performed by the purchaser,
user, operator, paymaster, maintainer, or decommissioning authority. It is ‘mpoﬁ:ﬂﬁ vupients
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aware of the perception of the analysis task by the relevant authority (or authorities), and to
be clear about the purpose and objectives of the analysis. Given the different interested
parties that may benefit from the analyses, for the sake of simplicity, in this document the
parties involved can be divided into the categories of suppliers and purchasers.

4.2 Application of life cycle costing

The methods described in this document may be applied throughout the life cycle of an item
for making decisions regarding trade-offs between performance, cost and schedule, for
applications such as:

e project planning;

e budgeting and funding;

e acquisition processes;

o feasibility studies;

e concept development;

e selection of alternative design solutions;

e assessment of remaining life;

e comparison between new system acquisition and renovation of a current system.

An understanding of the life cycle of an item and the activities that are performed during each
stage is fundamental to the application of life cycle costing. It is also essential that there is a
clear understanding of the relationship of these activities to performance, safety,

dependability and other characteristics that contribute to life cycle costs. Annex A describes
the major life cycle stages and aspects of life cycle costing appropriate to each.

It is common practice to identify the costs associated with specific life cycle stages in order to
ensure that any trade-off studies are relevant to that stage or stages. The number of stages
considered and the detail in which they are analysed is application specific both in terms of
the item under study and the context in which it is being analysed. The identification of
suitable stages and levels of analysis detail should therefore form part of the analysis plan
and may result in multiple analyses.

Decisions will often include the trade-off between short and long-term expenditure, such as:

e item reliability and the ongoing cost for preventive and corrective maintenance;

e item maintainability, supportability and future cost for preventive and corrective
maintenance;

e item performance and cost of future operation, for example: passive building insulation
and future cost for active temperature control.

The boundary of each life cycle stage should be clearly defined in order to ensure consistency
of approach and that meaningful results can be obtained to achieve the objectives set for that
stage.

Life cycle costs can be divided into those that are associated with acquiring the item and
subsequently those required to exercise ownership. An important consideration when planning
to perform life cycle cost analysis is that costs are largely committed or determined during
acquisition even if the actual costs only occur later during the ownership stage. This is
illustrated in Annex A.

Examples of life cycle costing include:

e broad assessment of alternative operational concepts of a system subject to full scale
engineering development;

e assessment of alternative technologies during design; Documents
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e assessment of alternative commercial items to procure in a system by trade-off studies
between reliability, maintainability, supportability and cost;

e costing of alternative maintenance concepts and associated strategies applied to achieve
business objectives;

e assessment of potential internal trade-offs in provision of integrated support (personnel,
spares, training, facilities, etc.) necessary to achieve cost effective availability;

e assessment of the medium and long term implications of changes to short term
expenditure.

4.3 Factors influencing LCC

The greatest effect on LCC can be achieved during the initial stages of the life cycle,
particularly the concept and development stages. Design practices should therefore recognize
that, as the design becomes established, improving the LCC is increasingly difficult and
costly.

The characteristics of an item are established during the concept and development stage
when the fundamental need for that item is scoped. This need is made more specific in a set
of requirements, which are further converted into a detailed specification. Decisions made as
to how the requirement is to be met, including constraints, determine to a great extent the
eventual LCC.

Factors that influence the LCC of an item are closely linked to the requirements that are to be
satisfied. Examples of these include, but are not limited to requirements for:

e dependability;

o safety;

e regulations;

e physical operating environment;
e environmental impact;

o financial performance;

e expected duration of use;

e obsolescence management.
4.4 Factors related to dependability

Dependability plays a major role in the LCC of an item; the attributes of dependability which
affect LCC vary with the stage of the life cycle. Options can be evaluated in terms of
availability, reliability, maintainability, supportability or other dependability-related
considerations.

The first aspect of dependability that is considered is usually the required reliability of the
system and the reliability of its components. If the required reliability is not feasible,
redundancy may have to be part of the design in which case the acquisition cost will usually
increase. Improved reliability can result in a major benefit in LCC by reducing operating and
maintenance costs although this usually entails a higher acquisition cost.

Improved maintainability has a similar impact on LCC through lower operating and
maintenance costs and improved availability through reduced downtime. Adequate
supportability by means of available, efficient and cost-effective maintenance support and
logistics usually improves the LCC of an item.

Dependability considerations should be an integral part of the design process and LCC

evaluations. These considerations should be critically reviewed when preparing item

specifications and be regularly evaluated throughout the design stages in order imi

system design and the LCC. Bﬁ%ﬂﬁ‘ients
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Often the analysis will support the trade-off between acquisition and utilization costs. One
instance of such a trade-off analysis is the level of repair analysis (LORA) which aims to
identify the optimum maintenance approach and maintainability design by addressing factors
such as the maintenance concept, maintenance locations, internal and external maintenance
providers and spare parts provisioning.

5 Life cycle costing process

5.1 General
The life cycle costing process is shown in Figure 1. The major steps in the process are to:

e establish the organizational context;
e plan the analysis;

o define the analysis approach;

e perform the analysis;

e finalize the analysis.

Each of these activities is discussed in detail in the following subclauses. The manner in
which these steps are applied to a specific analysis will vary according to the objectives of the
analysis and the working methods which are found to be most effective for those undertaking
the analysis.

5.2 Establish the organizational context
5.21 Formulate the context

Each life cycle cost analysis evaluates a unique operating context that comprises both
internal and external influences on an organizational entity. Each analysis should therefore be
accompanied by a contextual statement that allows the construction of a set of future
scenarios to identify cost influences for potential outcomes for each scenario. This context
excludes consideration of financial factor, which are considered as part of the planning
process.

Contextual analysis techniques may be used to identify influences that affect costs across the
life cycle. For example, social factors may include population growth, age profile and
demographics, which might influence future demand; while technological factors might include
changing levels of automation and obsolescence. Detailed information regarding
obsolescence management can be found in IEC 62402 [2].

Life cycle costing may address the entire life cycle of an item or only a part of it. The life cycle
costing analysis should be tailored to suit a particular item in order to obtain the maximum
benefit from the effort.
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5.2.2 Identify alternatives

The organization may need to identify alternative options or solutions to be evaluated; these
form part of the analysis objectives. The list of proposed alternatives may be refined as new
options are identified, or as existing options are found to violate the problem constraints.

All options or alternatives are supplied by processes outside the scope of this document and
are normally related to business objectives and consist of external drivers to the organization.

Evaluations that may be considered generally include, but are not limited to, the following:

e alternative designs with differing balance between acquisition and operating costs;
o alternative designs with differing balance between reliability and maintenance costs;
e system redundancy alternatives;

e alternative approaches to obsolescence management.
5.3 Plan the analysis
5.3.1 Define scope and objectives of the analysis

The first part of planning the life cycle cost analysis is to define the scope of the analysis in
terms of the item being studied, the time period (life cycle stages) to be considered, the
operating environment and maintenance support scenario to be employed. The scope and
boundaries of the analysis should be identified and agreed upon in order to ensure that the
analysis results meet the business objectives and the needs of the analysis user.

The analysis objectives are defined in terms of the outputs that are needed from analysis and
the associated organizational activities for which they will be used. Typical analysis objectives
include:

e determination of the LCC for an item in order to support planning, contracting, budgeting
or similar needs;

e evaluation of the impact of alternative courses of action (such as design approaches, item
acquisition, support policies or alternative technologies) on the LCC of an item;

e identification of cost elements which are major contributors to the LCC of an item in order
to focus design, development, acquisition or item support efforts.

Scoping is intended to develop a fundamental understanding of the stakeholders, business
objectives, issues and interfaces relevant to the study. This process equates to the
“communication and consultation” function in a classic risk management process. The scoping
statement should include:

e a list of constraints and assumptions;

e a set of financial decision criteria related to such measures as net present value (NPV),
payback periods and internal rate of return (IRR) values that can influence the
comparative outcomes;

e a list of alternative options for the study obtained from a first cut screening of options (for
example using qualitative methods such as paired comparisons [3]);

e a definition of the cost breakdown structure as a matrix of cost elements and life cycle
stages.

5.3.2 Define analysis tasks and identify contributing personnel
The plan should define the tasks required to implement life cycle costing activities, schedule

and organize the tasks to produce the desired results in a timely manner, determine the
resources required to accomplish the life cycle costing analysis and define the methods by

which tasks will be accomplished. Documents

Document Sharing Hub

Full document details: IEC 60300-3-3 2017


http://avadocuments2026.com/doc/iec-60300-3-3-2017
http://avadocuments2026.com/doc/iec-60300-3-3-2017

IEC 60300-3-3:2017 © IEC 2017 -17 -

Identification of tasks and the allocation of resources will be an iterative process driven by the
selected methodology or methodologies.

The following elements should be contained in the plan:
a) Definition of the analysis objectives in terms of outputs to be provided by the analysis, and
the decisions which the outputs will support.

b) Definition of the scope of the analysis in terms of item(s) being considered, the time period
(life cycle stages) to be considered, the operating environment and maintenance support
scenario to be evaluated.

c) ldentification of alternative courses of action to be evaluated (if they are part of the
analysis objectives).

d) Identification of the methodologies to be employed to perform the various tasks in the life
cycle costing analysis.

e) Provision of an estimate of the resources and skills required.

f) Provision of schedule and organization of the various tasks required to perform life cycle
cost analysis. This will allow reporting and monitoring of analysis progress to ensure that
the analysis results will be available in a timely manner to support the decision making
process for which they are required.

g) ldentification of the means by which all assumptions and input data are traceable.
5.3.3 Identify constraints

Any underlying conditions, assumptions, limitations and constraints which might restrict the
range of acceptable options to be evaluated should be identified and documented as part of
the plan. Such restrictions may include:

e time;

e minimum item performance;

e availability requirements;

e maximum capital cost limitations.
5.3.4 Identify relevant financial parameters

There are several financial parameters which normally form part of a life cycle cost analysis;
the selection of which parameters are required will be driven by the overall objectives of the
analysis. In particular, the use of the analysis as a comparative or 'absolute' evaluation will
influence selection.

The following financial parameters are normally considered.

e Base date — a financial base date is agreed prior to the analysis. This ensures that the
input data is consistent and that the output data is relevant.

e Tax — the inclusion of tax with the LCC is usually unimportant; however, the need for its
inclusion should be agreed prior to the analysis. Sometimes it is required that specific
taxes (such as value added tax (VAT) or sales tax) should be included while others are
excluded. Care should be taken not to include double taxation, i.e. tax-on-tax.

e Discount rate/inflation — the discount rate is usually related to the cost of loans (weighted
average cost of capital) and, where applicable, the returns required by shareholders.
Company accountants generally compute the required rate of return for new investments
and this is the company discount rate. In this form, it usually includes an inflation
component.

NOTE In all matters relating to taxes and discount/inflation rates, the organization’s financial management
function will normally specify the exact method and values to be applied.
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A discussion of financial concepts which may influence selection of other parameters relevant
to specific applications for which the analysis is being undertaken is presented in Annex B.

5.4 Define the analysis approach
5.4.1 Establish rules/methodology

Before commencing an analysis the rules and methodology to be adopted should be agreed
with all stakeholders. The methodology will depend upon analysis objectives and should
consider the following:

e need for absolute or comparative analysis;

e level of accuracy required;

e available data;

e resources available.

When performing a comparative analysis it is possible that a number of cost areas are
common to all options and can therefore be excluded; the rules by which such items are

identified should be recorded. If such exclusions are made, it is essential to establish that
they can be realistically compared.

In order to perform a realistic comparison between candidate options, it is necessary to
ensure a fair basis for comparison. Examples include:

e evaluating dependability related measures for each option consistently;

e ensuring that the operating profile is the same for each option.

If the majority of the LCC is identified as being common to all options, it may not be worth

continuing with further analysis unless the analysis objectives can be met by a comparison of
the remaining minority of cost elements.

When performing an analysis of a single option, it may be beneficial to exclude some
elements from the analysis in order to simplify or reduce the cost of the analysis. Areas that
might be excluded are those which are considered to be small in comparison with the likely
overall cost or those which are outside the control of the organization.

5.4.2 Select or develop an LCC model

An LCC model 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:

o degree of selectivity required to discriminate between options;

e degree of sensitivity required to provide the necessary output accuracy;

e availability of sufficient and representative data for the analysis to be meaningful;

e time available for performing and reporting the life cycle cost analysis.

Irrespective of the model source, all alternatives shall be capable of being evaluated with the
same model.

Familiarity with the model selected and its data requirements is important. A life cycle cost
analysis should be undertaken early in a project in order to influence decisions, but most data
is normally available later. Hence the analysis is often subject to significant time pressure. In
addition, familiarity with the model will aid in the collection of data and the form of cost
information developed within the organization.
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The appropriate level of detail of the life cycle cost analysis will depend upon many factors
associated with the objectives and should be given careful consideration as the costs of
performing a detailed analysis can be significant.

A detailed analysis can provide a more representative output that can contribute to further
detailed cost analysis for example a discounted cash flow analysis (see Annex C).

Once an LCC model has been developed, mathematical aspects of the model should be
verified by suitably qualified personnel.

5.4.3 Define the cost breakdown structure

In order to estimate the total LCC, a division of the analysis into its constituent cost elements
is necessary. This breakdown generally aligns with the level of detail at which an organization
collects costs and can be distinctly defined and estimated.

A cost breakdown structure (CBS) is used to identify the required cost elements and involves
the breakdown of the system into lower indenture levels, cost categories and life cycle stages.
This can be illustrated by the use of a three-dimensional matrix shown in Figure 2. This matrix
involves identification of the following aspects of the system:

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

e the time in the life cycle when the work or activity is to be carried out (i.e. the life cycle
stages);

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

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

Cost categories

System or work
breakdown -
structure Labour

Power supply

‘, Utilization stage Example of

Life cycle stages a life cycle
cost element

IEC

Figure 2 — Cost breakdown structure concept
The identification of the elements and their corresponding scope should be based on the

scope of the LCC study. Only cost elements that contribute to the purpose of theD@Cdiaents
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should be included. The selection of cost elements should be related to the complexity of the
system, as well as to the cost categories of interest in accordance with the required CBS. See
an example of typical cost elements in Annex D.

The analysis should identify the minimum number of cost elements needed to discriminate
between options, i.e. only those related to cost drivers that will impact the final result. When
comparing alternative solutions, costs that are the same for all alternatives can usually be
ignored. However, when calculating the cost of ownership for a system all relevant costs
should be included.

When identifying cost elements the following should be considered:

e how costs will be collected, their availability and effort required to collect them and the
quality of the data that would be collected;

e how costs are to be calculated,;
e their importance to cost drivers;

e the conversion of intangibles to real cost (see Annex E).

Some cost elements may be further subdivided into recurring and non-recurring costs and/or
fixed and variable costs. The potential effects of these on the LCC will depend upon the stage
and context under consideration. For example, in the context of manufacturing, non-recurring
or variable costs will generally be associated with the quantity of items being manufactured;
however, in an operating context such costs tend to be related to costs such as spare parts,
energy or wages.

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

5.4.4 Identify areas of uncertainty

Uncertainty in an LCC outcome relates primarily to two elements. The first element is the
assumptions made regarding the scoping of the study and the building of the model. The
second element is the accuracy of data applied to the various measures in the model that
determine the outcome. In a similar manner to risk assessment, LCC brings together the cost
of future events and their frequency; thus both face similar issues from data or information
uncertainty. Where there is a significant overlap of uncertainty bounds between options that
are being compared, it may be difficult to form a clear judgement as to which should be
selected.

Uncertainty in scope may result from the intent of the study and the level of contextual or
environmental risk.

Future events that may influence costs and their consequences should, where possible, be
identified. However, this results in some uncertainties as these assumptions may fail to
adequately identify all potential relevant events. The sensitivity of the results to such
assumptions should be tested.

Life cycle cost analyses are, by definition, quantitative assessments with uncertainty in the
applied data arising from the following sources of potential inaccuracy.

a) The collection of probabilistic (stochastic) data regarding unplanned events such as repair
of failed parts based on failure probability, operating life, useful life, mean operating time
to failure (MTTF) or mean operating time between failures (MTBF).

b) Planned operations and maintenance actions that have some uncertainty with regard to
risk mitigation actions taken to balance the system performance, cost and risk.
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c) Resource cost of event recovery actions to estimate costs of those events in particular
when those events are at an indeterminate time in the future.

d) The unrealized cost of risk that has not been treated and is not included as a future
costed event.

Life cycle cost studies should begin at the earliest stages of the life cycle when the
opportunity for impacting future cost is greatest. Such studies are likely to have significant
uncertainty and sensitivity studies will be essential to consider the impact of likely significant
variations in a vague future. Audit trails and progressive reviews for all assumptions and data
used should be a feature of early LCC analyses to prevent potential conflicts of interest in the
application and interpretation of such uncertain data.

As the project matures and data becomes increasingly certain, the sensitivity assessments
can be constrained accordingly. Selection of suitable probability density functions for certain
types of data such as reliability, maintainability and supportability will permit the application of
stochastic models using techniques such as Monte-Carlo simulations.

5.5 Perform the analysis
5.5.1 Establish methods for estimating cost elements
Examples of methods that may be used to estimate the parameters of a cost element include:

e parametric cost method;
e analogous cost method;

e engineering cost method.

Parametric cost estimating is most commonly used during the early planning and conceptual
design stages of item development, where available data is limited. For example, an initial
building cost estimate for a ship could be derived from the displacement alone.

Later in the design process, more complete design information becomes available and it may
be possible to develop cost estimates by comparing the characteristics of the item being
analysed with similar items where historical cost data are recorded. These analogous
estimates are limited to items of similar scale and technology.

When the design configuration becomes firm and design data are produced, these will enable
the development of detailed engineering and manufacturing estimates based on a more
accurate analysis of material, equipment, labour and overhead costs. Thus, as more detailed
information becomes available for specific elements, initial parametric or analogous cost
estimates can be replaced by engineering estimates or actual costs.

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

A description of the methods listed above and examples of applications for each method are
given in Annex F.

5.5.2 Collect cost data

Collecting cost data for a life cycle cost analysis is often difficult. In some cases, obtainable
cost data will be directly applicable to the CBS and will be accurate and complete. In other
cases, the cost data could apply to more than one element in the CBS and a means will need
to be identified to properly allocate it. Data may be missing or not readily available and may
have to be collected or estimated. In addition, data may have to be validated and verified to
ensure its applicability and accuracy. Where there are difficulties in collection of the data and
estimates or re-allocations made, these should be recorded so their impact can be ﬁ)nside
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5.5.3 Aggregate cost per item for each stage or time period

This step is only required if costs are required for stages, time periods or other groupings
within the total cost. The definition of such stages or groupings should be performed as part
of the definition of the methodology in order to ensure that the correct work breakdown
structure and CBS are put in place to support the calculation.

When the CBS has been correctly defined, the calculation of costs for each required grouping
should be a simple sum.

5.5.4 Perform LCC and sensitivity analysis

The life cycle cost analysis should be performed with best estimate values as a baseline
together with a sensitivity analysis. The sensitivity analysis evaluates the robustness of the
applied LCC model, the impact of uncertainty as it relates to selected assumptions and the
value of cost elements. Particular attention should be focused on cost drivers, assumptions
related to context of use and assumptions related to the time value of money.

Range boundaries or probability density functions for the various input parameters should be
selected so that the resultant model variations have a credible spread. When selecting
analysis methods care should be taken to ensure that the outcome is communicable to the
audience in a manner that achieves the LCC task intent.

5.5.5 Review analysis

A formal, possibly independent, review of the analysis may be required to confirm the
correctness and integrity of results. Such a review should include the following aspects.

e The objectives and scope of the analysis to ensure that they have been appropriately
stated and interpreted.

e The assumptions made during the analysis to ensure that they are reasonable, and that
they have been adequately documented.

e The adequacy of the model for the purpose of the analysis (including cost element
definitions and assumptions).

e The applicability and accuracy of all data sources.

e The application of the model to ensure that its inputs have been accurately established,
that it has been used correctly and that the results (including those of sensitivity analysis)
have been adequately evaluated and discussed.

If such a review identifies the need for revision of data or analysis methods the appropriate
elements of the process will need to be revisited and addressed in accordance with the
results.

5.5.6 Assess achievement of analysis objectives

The analysis outcomes should be compared with the original objectives. If objectives have not
been met, the analysis process should be examined to identify the causes. The cause of
failure to meet objectives will be dependent upon the particular analysis, but the following
areas should be examined:

o the extent to which the methodology provided correctly structured or detailed analysis;

e whether the input data was sufficiently detailed and realistic;

e whether the correct alternatives were identified for the analysis.

If failures in these or other areas are identified, the analysis processes or data should be
modified if possible and the analysis revised.
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If the objectives have been met, or where they have not but revision is not possible, follow-up
actions should be identified, the analysis documented and closed.

6 Finalize the analysis

6.1 Identify follow-up actions

On completion of the life cycle cost analysis, there may be follow-up actions that result from
the conclusions reached. When life cycle cost analysis is performed early in the life cycle, the
potential for effective follow-up actions is the greatest and may include a requirement for
future update of the analysis when more detailed information is available.

The analysis conclusions may include:
e costs that have been found to be too high to make the system economical but which if
reduced will make it feasible;

e options that will reduce costs (e.g. a change in design that might increase the cost of
acquisition but will reduce the cost of operation or maintenance);

e the identification of cost drivers that will need special attention during the implementation
or utilization life cycle stage.

It is important to identify specific persons responsible for implementing follow-up actions.

6.2 Document analysis

The life cycle cost analysis should be clearly and carefully documented as it will provide
important information to stakeholders, decision makers, customers, users and managers.

Supporting evidence should be provided when presenting the results and outputs of the
analysis, this should include the following:

¢ model alignment to objectives;

e model accuracy;

e data sources and quality;

e traceability;

e validation.
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Annex A
(informative)

Life cycle costing and the life cycle

A.1 General

The generic stages of the life cycle of an item can be described as follows:

a) concept;

b) development;
c) realization;
d) utilization;

e) enhancement;

f) retirement.

The first three stages constitute the acquisition cost of the item and the last three stages are
the ownership cost. Within these stages:

o the development stage (b) includes all aspects of design;

e the realization stage (c) includes procurement, manufacturing, inspection and testing,
shipping and installation;

o the utilization stage (d) includes both operation and maintenance;

e the enhancement stage (e), if required, includes all aspects of design and acquisition
associated with the enhancement.

Leasing (for items such as gas turbines) is often considered a special case of the utilization
stage. In this case ownership does not change, but cost considerations during the last three
stages will be different for the supplier and the lessee. Additionally, design trade-offs will
need to address potential lease arrangements.

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

Acquisition costs are generally visible, and can be readily evaluated before the acquisition
decision is made and may, or may not, include installation cost. Sometimes the transition
between acquisition and ownership activities can be blurred and make attribution of costs
difficult, resulting in costs being double counted. Thus care should be taken to ensure
accuracy.

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.

Retirement, or de-commissioning, costs may represent a significant proportion of total LCC.
Legislation may require activities during the disposal stage that for major projects, for
example nuclear power stations, involve significant expenditure.

Minor modifications will generally be included in ownership cost but a major enhancement
may signal a new portion of the life cycle that could trigger a revised life cycle cost analysis to
enable evaluation of alternatives.

The life cycle cost analysis may address all stages, some stages, a single stage, o
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A.2 Typical LCC analyses

Figure A.1 shows the life cycle stages of an item, together with some of the topics that should
be addressed by a life cycle costing study.

Concept Development Realization Utilization Enhancement Retirement

e New product e Design trade-offs e System integration and e Retirement cost impact
opportunities . verification
e Source selection e Replacement/renewal
e Analysis of system . . e Cost avoidance/cost schemes
concept and options e Configuration and change reduction benefits )
controls e Disposal and salvage value
e Product selection . e Operating and
Technol lecti * Test strategies maintenance cost
e Technology selection tori
9y e Performance tailoring monitoring
® Make/buy decision o Support strategies e Repair/replace decisions
e |dentify cost drivers ifiaati
y e New product introduction e Product modifications
e Construction assessment and service
enhancements

Manufacturability

Maintenance support

assessments )
resource allocation and
e Warranty incentive optimization
schemes

Enhancement decisions

New products or projects
opportunities

IEC

NOTE There is no direct correlation between the analysis groups and specific stages, however they reflect the
general change in emphasis of analysis as the life cycle progresses.

Figure A.1 — Typical analyses across the life cycle

A.3 Committed versus actual costs

A major portion of the expected LCC is dependent on consequences of decisions made during
the early stages of the life cycle, in particular those made during development.

It can be seen from Figure A.2 that the greatest opportunity for influencing projected LCC
occurs during the initial stages of the life cycle. Even though the actual costs increase mainly
due to the capital and operating costs, the committed amount occurs much earlier. The design
has the largest influence on what the final life cycle cost will be. Once the item has been put
into service, there is little flexibility in the committed cost. As the life cycle stages progress,
the uncertainty around the actual costs also decreases.
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Figure A.2 — Example of committed and actual costs
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Annex B
(informative)

Financial concepts

B.1 General

The treatment of costs requires financial awareness and data traceability. It is usual for the
generally accepted accounting procedures (GAAP) rules to be used (see B.5.5). Although this
is not mandatory, traceability is essential when discussing the assumptions, conduct and
financial results of the life cycle cost analysis.

It is not normally the role of the LCC analyst to decide upon the use of financial concepts. The
organization’s financial management function will normally specify the exact method and
values to be applied.

B.2 Consequential costs

When an item or service becomes unavailable, a series of costs may be incurred. These costs
may include:

e warranty cost;
o liability cost;
e cost due to loss of revenue;

e costs for providing an alternative service.

In addition, further consequential costs should be identified by applying risk analysis
techniques to determine costs of adverse impacts on the company's image, reputation or
prestige which may in turn result in loss of clients.

Costs of recovering from or mitigating these risks should be included in consequential costs.

In most cases these costs are difficult to assess, but under some circumstances 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 included in the analysis.

The availability performance of an item should be optimized as the unavailability of an item
can significantly affect its LCC. As reliability increases (with all other factors held constant),
the acquisition costs will generally increase but maintenance and support costs will decrease.
An optimum item reliability can then be identified which corresponds to the lowest LCC.

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 are difficult to model
(see IEC 62508 [4]).

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

Documents

Document Sharing Hub

Full document details: IEC 60300-3-3 2017


http://avadocuments2026.com/doc/iec-60300-3-3-2017
http://avadocuments2026.com/doc/iec-60300-3-3-2017

