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ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non
Inte

Inte

The]
ado
Inte

Atte
righ

ISO
Des

ISO
life

F[governmental, In_liaison with 190, also take part in the Wwork. SO collaborates close
rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

main task of technical committees is to prepare International Standards. Draff-Internationa
rnational Standard requires approval by at least 75 % of the member bodies'casting a vote.

ntion is drawn to the possibility that some of the elements of this document may be the subje
s. ISO shall not be held responsible for identifying any or all such patent rights.

15686-5 was prepared by Technical Committee ISO/TC 59,.Building construction, Subcomm
ign life.

15686 consists of the following parts, under the general'title Buildings and constructed assets
blanning:

Part 1: General principles

Part 2: Service life prediction procedures

Part 3: Performance audits and reviews

Part 5: Life-cycle costing

Part 6: Procedures for considering environmental impacts

Part 7: Performance-evaluation for feedback of service life data from practice
Part 8: Refefence service life and service-life estimation

following.parts are in preparation:

Rart9: Guidance on assessment of service-life data

y with the

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

Standards

bted by the technical committees are circulated to the member bodies fdr wvoting. Publication as an

ct of patent

ttee SC 14,

— Service-

Part 10: Levels of functional requirements and levels of serviceability — Principles, measurement and use
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Introduction

0.1 Objectives

The key obj
— establis
— enable
— enable
— helpto
— addres
— maket

— set out

— providg the framework for consistent LCC predictions and -performance assessment, which facilit

more r

— providg a common basis for setting LCC targets during’design and construction, against which actual
performhance can be tracked and assessed over the asset life span,

— providg guidance on when to undertake LCG,to what level and what cost headings are appropriatd
considg¢ration,

— help urflock the real value of effectively*doing LCC in construction by using service-life planning,
— clarify fhe differences between life‘cycle costing and whole-life costing (WLC),

— providg

interna

— providg cross-references to guidance on associated activities within the other parts of ISO 15686.

0.2 Life-

ectives of this part of ISO 15686 are to

5h clear terminology and a common methodology for life-cycle costing (LCC),

the practical use of LCC so that it becomes widely used in the construction industry,

the application of LCC techniques and methodology for a wide range of procuremé&nt methods
improve decision making and evaluation processes at relevant stages of any.project,

5 concerns over uncertainties and risks and improve the confidence in\LCC forecasting,

he LCC and the underlying assumptions more transparent and ragbust,

the guiding principles, instructions, definitions for different fortns of LCC and reporting,

pbbust levels of comparative analysis and cost benchriarking,

lional cost codes-and data-structure conventions,

cyclecosting, service-life planning and other performance requirements

ates

cost

for

a generic menu of.costs for LCC/WLC compatible with and customizable for specific national or

f e : ! T + T PR I Tt ! : + 4 £
L|fe'CyC|e COSUTTY 15 d vaiudDie TeTImnyue tUTdat 1S5 USTU 10T PIEUICtUiTy drma dsSSESSITTY UTE COST PETTUTTITATTC

of

constructed assets. Life-cycle costing is one form of analysis for determining whether a project meets the
client's performance requirements. Analyses can necessitate the use of other parts of ISO 15686 and current
economic data from clients and the construction industry (see Figure 1). It should be possible to use this part
of 1SO 15686 without extensive reference to other parts, although a number of the terms and techniques
described are covered in more detail in the other parts. Where applicable, this is referenced in the text. The
other parts of ISO 15686 that are most relevant for life-cycle costing are 1SO 15686-1, ISO 15686-3 and
ISO 15686-6.

Vi
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Figure 1— Performance requirements in the context of the project life cycle

Thel Bibliography includes some informative national standards and guidance that provide mofe detail on
aspectsisuch as levels of cost analysis, examples of analysis and application of the principles for practical

projects.

0.3 Who can use this part of ISO 156867

The provisions of this part of ISO 15686 are intended primarily for

procurers of constructed assets, with an interest in long-term ownership; these may be public or private,

or lessees with a reasonably long period of interest in the property and/or responsibility for maintenance

and/or operational costs,

— designers,

— constructors and their specialist suppliers of materials and components,

© 1SO 2008 — All rights reserved
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— facility operators (to help them input more effectively into the design process),
— cost consultants and other specialists.

The provisions in this part of ISO 15686 are particularly relevant to public clients, where the lack of any
projected income from some constructed assets can make traditional investment appraisals more challenging.
They are also relevant to the work of specialists providing information on service life and on environmental
performance.

The period of interest of the client and the contractual responsibilities/liabilities for meeting costs tend to
determine the requirements for life-cycle costing.

Life-cycle dosting is relevant at portfolio/estate management, constructed asset and facility management
levels, primarily to inform decision making and for comparing alternatives. Life-cycle costing allows)\considtent
comparisons to be performed between alternatives with different cash flows and different timé-frames. [The
analysis takes into account relevant factors from throughout the service life, with regard—fo the clignt's
specified brjef and the project-specific service-life performance requirements.

Viii © ISO 2008 — All rights reserved
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Buildings and constructed assets — Service-life planning —

Part 5:
Life-cycle costing

1 |Scope

Thig part of ISO 15686 gives guidelines for performing life-cycle cost (LCC) ‘analyses of bdildings and
congtructed assets and their parts.

NOTE 1 Life-cycle costing takes into account cost or cash flows, i.e. relevant-costs (and income and gxternalities if
inclyded in the agreed scope) arising from acquisition through operation to disposal:

NOTE 2  Life-cycle costing typically includes a comparison between optidns or an estimate of future costs at portfolio,
project or component level. Life-cycle costing is performed over an agreedvperiod of analysis. It is advisable fo make clear
whether the analysis is for only part or for the entire life cycle of the constructed asset.
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

docpment (including any amendments) applies.

ISO|6707-1, Building and civil engineeting — Vocabulary — Part 1: General terms

3 |Terms, definitions and abbreviations

Forlthe purposes of this‘document, the terms and definitions given in ISO 6707-1 and the following|apply.

3.1| Costs

341
acquisition cost

all qostshincluded in acquiring an asset by purchase/lease or construction procurement route, excluding costs
duripg-the occupation and use or end-of-life phases of the life cycle of the constructed asset

3.1.2

capital cost

initial construction costs and costs of initial adaptation where these are treated as capital expenditure
NOTE The capital cost may be identical to the acquisition cost if initial adaptation costs are not included.
313

discounted cost

resulting cost when the real cost is discounted by the real discount rate or when the nominal cost is
discounted by the nominal discount rate

© 1SO 2008 — All rights reserved 1
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314

disposal cost

costs associated with disposal of the asset at the end of its life cycle, including taking account of any asset
transfer obligations

NOTE 1 Asset transfer obligations could include bringing the assets up to a predefined condition.

NOTE 2 Income from selling the asset is part of WLC, where the residual value of the building components, materials
and appliances can be included.

3.1.5

end-of-life T

net cost or ]ee for disposing of an asset at the end of its service life or interest period, including costs resujting
from deconmpmissioning, deconstruction and demolition of a building; recycling, making environmenftally safe
and recovely and disposal of components and materials and transport and regulatory costs

3.1.6
external cgsts
costs assodiated with an asset that are not necessarily reflected in the transaction costs between providerfand
consumer gnd that, collectively, are referred to as externalities

NOTE These costs may include business staffing, productivity and user costs; these can be taken into accountfin a
LCC analysig but should be explicitly identified.

3.1.7
life-cycle cost
LCC
cost of an gsset or its parts throughout its life cycle, while fulfilling.the performance requirements

3.1.8
life-cycle costing
methodology for systematic economic evaluation of liféscycle costs over a period of analysis, as defined ir| the
agreed scope
NOTE Llife-cycle costing can address a period_of analysis that covers the entire life cycle or (a) selected stage(g) or
periods of inferest thereof.

~

3.1.9
maintenange cost
total of necgssarily incurred labour;“material and other related costs incurred to retain a building or its pars in
a state in which it can performitsrequired functions

NOTE Maintenance includes conducting corrective, responsive and preventative maintenance on constructed asgets,
or their partg, and includes-all associated management, cleaning, servicing, repainting, repairing and replacing of parts
where needdd to allow.the constructed asset to be used for its intended purposes.

3.1.10
nominal cqst
expected price that will be paid when a cost is due to be paid, including estimated changes in price due to, for
example, forecast change in efficiency, inflation or deflation and technology

3.1.11

operation cost

costs incurred in running and managing the facility or built environment, including administration support
services

NOTE Operation costs could include rent, rates, insurances, energy and other environmental/regulatory inspection
costs, local taxes and charges.

2 © 1SO 2008 — All rights reserved
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3.1.12

real cost

cost expressed as a value at the base date, including estimated changes in price due to forecast changes in
efficiency and technology, but excluding general price inflation or deflation

3.1.13
sunk costs
costs of goods and services already incurred and/or irrevocably committed

NOTE These are ignored in an appraisal. The opportunity costs of obtaining or continuing to tie up capital are,
however, included in WLC analysis and the opportunity costs of using assets can be dealt with as costs in LCC analysis.

3.1./14

whole-life cost
WLC
all gignificant and relevant initial and future costs and benefits of an asset, throughout’its life gycle, while
fulfiling the performance requirements

3.1.415
wh:Fe-Iife costing

methodology for systematic economic consideration of all whole-life cests and benefits over p period of
analysis, as defined in the agreed scope

NOTE 1 The projected costs or benefits may include external costs.{including, for example, finance, bukiness costs,
income from land sale, user costs).

NOTE 2  Whole-life costing can address a period of analysis that covers the entire life cycle or (a) selectgd stage(s) or
peri¢pds of interest thereof.

NOTE 3  This definition should be contrasted with that-for life-cycle costing.

3.2| Analysis/measures

3.2
life{cycle assessment
LCA
method of measuring and evaluating the environmental impacts associated with a product, system or activity,
by describing and assessing thé energy and materials used and released to the environment ¢ver the life

NOTE 1 Where only costs are included, this can be termed net present cost (3.2.3).

iples, but other
techniques are also used as described in Annex B.

3.23

net present cost

NPC

sum of the discounted future costs

3.24

present-day value

PDV

monies accruing in the future which have been discounted to account for the fact that they are worth less at
the time of calculation

© 1SO 2008 — All rights reserved 3
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3.25
sensitivity analysis
test of the outcome of an analysis by altering one or more parameters from initial value(s)

3.3 Elements of calculation

3.31

discount rate

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

NOTE This can be used to convert future values to present-day values and vice versa.

3.3.2
escalation [rate
positive or pegative factor or rate reflecting an estimate of differential increase/decrease in-thie general grice
level for a particular commodity, or group of commodities, or resource

NOTE An escalation rate is derived by tracking the change in price over time of a single commodity, groyp or
commodities| or resource, which might or might not be one of the items in the typical “basket” of goods that is usgd to
derive a genegral inflation/deflation factor.

3.33
inflation/deflation
sustained injcrease/decrease in the general price level

NOTE Inflation/deflation can be measured monthly, quarterly or annually against a known index.

3.34
life cycle
consecutivg and interlinked stages of the object under consideration

NOTE 1 The life cycle comprises all stages from onstruction, operation and maintenance to end-of-life, inclyding
decommissigning, deconstruction and disposal.

NOTE 2  Adapted from the definition of life_cycle contained in ISO 14040.

3.35
nominal diEcount rate

factor or rafe used to relate present and future money values in comparable terms taking into accounf the
general inflation/deflation raté

3.3.6
period of analysis
period of time overswhich life-cycle costs or whole-life costs are analysed

NOTE The-period of analysis is determined by the client.

3.3.7

real discount rate

factor or rate used to relate present and future money values in comparable terms, not taking into account the
general or specific inflation in the cost of a particular asset under consideration

3.3.8

residual value
value assigned to an asset at the end of the period of analysis

4 © 1SO 2008 — All rights reserved
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ISO 15686-5:2008(E)

Other terms

1
et

whole building or structure, system or a component or part

3.4.

2

externality
quantifiable cost or benefit that occurs when the actions of organizations and individuals have an effect on

peo

EXAMPLES Non-construction costs, income and wider social and business costs.

NOTE Externalities are positive if their effects are benefits to other people and negative, or @external

exte

congumption. Adding the externality to the private cost/benefit gives the total social cost or benefit.

3.4.

intangible

qua

3.4.

risk
likeljhood of the occurrence of an event or failure and the consequences or impact of that event or

3.4

4

4.1

The| purpose of life-cycle costing should be to quantify the life-cycle cost (LCC) for input into

making or evaluation.\process, and should usually also include inputs from other evaluations (e.g.

env

conlpliance assessment). The quantification should be to the level of detail that is required for
stages. The sceope of costs included/excluded from an LCC analysis should be defined and agrg
client at the-outset.

4.2

4.2.

timfvalue of money
measurement of the difference between future monies afdthe present-day value of monies

b
ungertainty
lacK of certain, deterministic values for the variable inputs used in an LCC analysis of an asset

ple other than themselves

rnal effects are costs on other people. There may be external costs and benefits from-both pr

B
ntifiable cost and benefit that have been allocated monetary values for calculation purposes

h

Principles of life-cycle costing

Purpose and scope of-life-cycle costing

ronmental asséssment, design assessment, safety assessment, functionality assessment

costs, if the
duction and

failure

a decision-

regulatory
key project
ed with the

Costs to include in LCC analysis

1 Defining scope of costs included in the analysis

LCC analysis should cover a defined list of costs over the physical, technical, economic or functional life of a
constructed asset, over a defined period of analysis. Life-cycle costing should also be influenced by non-
construction costs and wider occupancy costs, as well as local, national or international policies, allowances,
taxes, etc. LCC analysis may include allowances for foreseeable changes, such as future occupancy levels or
changing legislative or regulatory parameters. LCC analysis may also form part of a strategic review of
procurement routes or objectives (such as enhancing sustainability or improving functionality).

Practice can vary between users as to whether only costs borne by the customer for the analysis (typically the
construction client) are taken into account, or whether customer/societal, etc. costs are also included.

© 1SO 2008 — All rights reserved
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NOTE 1 Where the user and the construction client are different parties (e.g. in social housing), it can be required to
take these external costs into account.

NOTE 2  The definitions of the terms “intangible” (3.4.3) and “externality” (3.4.2) have been formulated to describe the
wider costs. The former are monetarized aspects which have some (often indirect) economic impact on the client
organization. The latter are external to the client organization. It is necessary that both be clearly identified as such in any
analysis. This issue is dealt with in more detail in Clause 7.

Figure 2 indicates graphically the costs that should be included in life-cycle costing and those wider costs and
incomes that should be referred to as whole-life costs.

Whole-lite cost
(WLC)

Life-cycle cost
(LCC)

Non-construction

Externalities
cost

Income

Cpnstruction Operation Maintenance End-of-life

Environment cost

Figure:2 — WLC and LCC elements

The LCC ahalysis should consider all basic elements, such as the structure, envelope, services and finishes,
fixtures and fittings, and the"same cost issues for all options appraised.

4.2.2 Classification of costs

Figure 3 dgscribes a generic cost classification that may be used to help define the specific scope of| the
analysis, pfaviding a structured basis for comparative analysis that is intended to accommodate Ipcal
practices.

NOTE 1 It is not necessary for every item included in the figure to be considered, and some additional costs can be
required for certain projects. The intention is that more detailed guidance and cost structures applicable to national
conditions are used to develop the cost plans, which can then be mapped to this structure.

6 © 1SO 2008 — All rights reserved
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Whole-life cost (WLC)

—| Non-construction costs YN Examples of cost

—————{ Land and enabling works
+————|Finance

User support costs (1) strategic property | I:l |Includes in-house resources and real estate/property management/general

|:| [Site costs (land and any existing building)

|:| | Interest or cost of money and wider economic impacts

management inspections, acquisition, disposal and removal

[ User support costs (2) use charges

|:| |Unitary charges, parking charges, charges for associated facilities

Reception, helpdesk, switchboard, post, IT services, library services, catering,
hospitality, vending, equipment, furniture, internal plants (plant care and
flowers), stationery, refuse collection, caretaking and portering, security,

ICT internal moves, snow clearance

User support costs (3) administration

[Taxes
T

L——[Other

—' Income

[Taxes onnon-construction item
T

oood O 0dp O

Income from sales Residual value on disposal of interest in land, constfucted assets of salvaged

materials, including grants, etc.

+———— Third-party income during operation
———— | Taxes on income

+——— ] Disruption

L——{Other

Externalities

— Life-cycle cost (LCC)

Rent and service charges ]

[
[Onland transactions |
[

Downtime, loss of income ]

4 Construction | Y/N
+—] Professional fees ] I:l [Project design and engineering, statutory consents
—{Temporary works ] [ [Site Glearance, etc.

In€luding infrastructure, fixtures, fitting-out, commissioning, valuatign and
handover

Construction of asset

Initial adaptation or refurbishment of asset |
|

Including infrastructure, fixtures, fitting-out, commissioning, valuatign and
handover

| Taxes
L—JOther

Operation

—Rent

+——{Insurance

—| Cyclical regulatory costs
—] Utilities

—{Taxes

L—{Other

% Maintenance
Maintenance management

24 Adaptation or refurbishment of asset in use

Repairs and replacement of minor
components/small areas

[Taxes on construction goods and services (e.g. VAT)

[Project contingencies

Building owner and/or occupiers

Fire, access inspections

Inluding fuel for heating, cooling, power, lighting, water and sewerage costs

Rates, local charges, environmental taxes

ool Oogpodd OO 0 oooooo doa O

Allowance for future compliance with regulatory changes

Cyclical inspections, design of works, management of planned senjice
contracts

Including infrastructure, fitting-out, commissioning, validation and hfindover

|Defined by value, size of area, contract terms

Replacement of major systems and Including associated design and project management

components
+—] Cleaning [Including regular cyclical cleaning and periodic specific cleaning
—Grounds maintenance Within defined site area
———Redecoration Including regular, periodic and specific decoration
+—]Taxes ] [Taxes on maintenance goods and services
L {Other |

—| End-of-life

—]Disposal inspections
+——]Disposal and demolition
—I Reinstatement to meet contractual

[Final condition inspections

[Including decommissioning, disposal of materials and site clean-up

On condition criteria for end of lease
requirements

| Taxes
L—{Other

[Taxes on goods and services ]

Figure 3 — Typical scope of costs (to select some, or all, for LCC analysis)
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Costs should generally be placed by category; minor deviations due to restrictions of national coding should
be stated. In some countries, it can be difficult to subdivide costs into cost groups. In these cases, groups may

be combine

d for analysis purposes.

Cleaning may be categorized under “maintenance” (as defined in this part of ISO 15686) or under “operation”,
in which case it should be noted as such.

Land costs within non-construction costs may include initial costs, such as soil improvement techniques or
provision of infrastructure to allow development of the site.

NOTE 2

rarely includs
can incur co
client for the

The LCC a
conditions (

The end of
the building

43 Typi

Typically, L
asset:
a) project

b) design

levels;
c) during
d)

Figure 4 ing
elements th

disposal; LCC at end-of-life/end-of-interest.

bd in the analysis of construction costs, as they tend to occur in advance of the main construction works)
ts to different landowners. Also, they can be sunk costs by the time the LCC analysis is commissioned./|
analysis requires that enabling works costs be included, it is necessary that this be noted in reporting,

nalysis should clearly include a scoping section that indicates which costs are within-the boun
system and/or constructed asset) and any parts of the life-cycle costing that have been excludg

Hife cycle.

cal analysis at different stages of the life cycle

CC analysis may be used during the following four key stages.of the life cycle of any constru

investment and planning; WLC/LCC strategic options @nalyses; preconstruction;

and construction; LCC during construction, at scheme, functional, system and detailed compo

bccupation; LCC during occupation (cost-in-use); post-construction;

icates the typical use of LCE-analysis at distinct stages during the whole-life cycle, and the
at should be included at eachistage.

the service life of the constructed asset might or might not be included in the. “end-of-life cost§’

These costs are for enabling works, and while they can incur a cost to the client for the LCC analysis, they are

and
f the

Hary
d.

of

p

cted

hent

cost
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End-of-Life Project

Life-
cycle
Maintenance costing

Construgtion

Operation

Figure4 = Analysis at different stages of the life cycle
4.4 Analysis based on client requirements and the intended use of the results

441 Scope based’on client requirements

The| client's brief 'should define the objectives for the scope of the LCC analysis and the intended use of the
resylts.

NOTE 1 The different decisions informed by LCC analysis are described in 4.4.2.

Wh L thc :IfU uyu:c bUDt;IIS ;IIV\J:VCO dall CTUUI IUIII;\J UUIIIpGI ;O\JII Uf dlfoIUI It UFt;UIID, thcy ohuu:d LI} eet a“ the
functional, operational, maintenance and other performance (including aesthetic) requirements set by the
client, and also take account of all known regulatory requirements over the period of analysis, as specifically
defined and set out in the client’s requirements brief.

NOTE 2  Increasingly, client’s life-cycle costing briefs require more than a static analysis of two or more fixed options.
Earlier LCC analysis combined with other decision-support techniques can substantially influence design
solutions, component specifications and/or contractual procurement routes adopted for new projects and

strategic asset management.

NOTE 3  Decision-support techniques can include risk management; value management/engineering; operational cost
and performance modelling.

© 1SO 2008 — All rights reserved 9
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NOTE 4  Strategic asset management can include capital-investment planning; maintenance strategies; outsourcing;
demonstrating sustainability and reducing environmental impact; enhancing the functional performance of facilities;
providing more flexible solutions in terms of space planning/functional capacity.

The client requirements may be revised and clarified through the project life cycle. Various briefing documents
may be produced at different stages, and the requirements identified can be relevant to any stage of the life
cycle, as indicated in Figure 5.

< ] Business project [ >

Appoint design Handover
and/or
construction team

L] I

'::> Planning = Design [ Construction = Operation I:> End-of-life
N U N W N
Strategic Detailled briefs, e.g.
brief - fit-out brief

- operations brief
- maintenance brief

Amended
Requirements Project requirements
statement brief statement(s)
Pre-project Construction project Post-project

<::I Assessments | >

Figure 5 — Client requirements through the project life cycle

4.4.2 Dedjsions informed by LCC analysis

Figure 6 inglicates the different levels of LCC analysis (strategic, system level and detailed level) that|can
occur at different stages of the life cycle. LCC analysis may be used for new assets or major refurbishments
and planning the future use of existing assets. LCC analysis may be applied to a complete asset or to a
specific assembly, component or system such as plant, road surface or a roofing assembly.

The LCC for a complete building or structure should be built up from the sum of the independent parts plus the
interaction between them and the consequential costs, if any.

Typical decisions informed by LCC analysis can include

a) evaluation of different investment scenarios (e.g. to adapt and redevelop an existing facility, or to provide
a totally new facility) at the investment planning stage,
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b) choices between alternative designs for the whole or part of a constructed asset (asset, system or
detailed element level LCC analysis) during the design and construction stage,

c) choices among alternative components, all of which have acceptable performance (component-level LCC
analysis) during the construction or in-use stages,

d) comparison and/or benchmarking analysis of previous decisions, which may be at the level of individual
cost headings (e.g. energy costs, cleaning costs) or at a strategic level (e.g. open plan versus cellular
office accommodation),

e) estimation of future costs for budgetary purposes or for the evaluation of the acceptability of an option on
the basis of cost of ownership.

NOTE Such decisions, especially those placed in a strategic (organizational) framework, can create adfled value for
the g@sset and help to identify the most cost-effective operations and maintenance regime.

All levels of consideration Function Environment
- Cost Maintenance Disposa

Paint types, ceiling tiles; floor coverings,

Detail level
—>

Wall, floor and ceiling finishes

Energy, ventilation, water capacity,
communications, etc.

Maintainability and internal environment /7
————————————————— 1———————/7’
Comfort and use | /
_____________________ | _
7
Location and external environment | 4
————————————————————————— +——
Safety and durability | //
____________________________ %
Planning Operation End-of-life
Construction Maintenance

Stages of life cycle
—>

Figure 6 — Different levels of analysis at different stages of the life cycle
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4.4.3 Strategic level project planning — Evaluation of alternative strategic options

This phase can include many individual activities relating to carrying out strategic-level option appraisals for

the specific

a)
require

b)
c)

d) prelimi

plans;
e)

f)

acquisi

purcha
asset);

g) cost-of

h) othern
Each strate
for key var
needs), ang

rates). Technical assumptions may also be made about the data included in calculations (such as timin

cost flows 4

NOTE (
the asset goi

444 Sys

Figure 7 pr
phases.

NOTE 1 )
since the op
phase proce
maintenance

12

Potential for value improvement

acquisition of a capital asset (acquire or construct), including the following:

ments;

set design life and the level and period of analysis covered by the LCC analysis;

client priorities (e.g. required rate of return on capital investment and hand-back obligations);

definition of the requirements for a constructed asset, in terms of functional and performance

hary design concepts and related lite-cycle costing assumptions on specifications or servicq

tion route (including construction/fit-out and commissioning and/or by purchase/lease);

5e (including essential commissioning and taking into account income from the saleyof the exig

ownership considerations (including or not the costs for the end-of-life/disposal of the asset);

pn-construction costs (as applicable for investment-decision-making purposes).

hic option should have a separate life-cycle costing. Broad assumptions may be made at this s
ables and may include assumptions about future requirements*(such as future accommoda
about variables in the cost calculation (such as costs of énergy and choice of applied disc

nd service life of components). All assumptions should be-hoted in the report of the analysis.

buidance on these issues is included in ISO 15686-1, which describes a process of planning the service |
hg beyond simple comparisons between alternative solutions.

fem and detailed decision level — Integrating life-cycle costing into design appraisals

bvides an indication of the scope for.LCC savings that can be made during the project life-¢

[he planning and design phase offers the greatest potential to influence the post-construction life-cycle
portunity to influence the design and construction options becomes increasingly limited as the acquig
bds beyond the commitment to invest in purchase or construction of the asset. Up to 80 % of the opers
and replacement costs ¢f a building can be influenced in the first 20 % of the design process.

A

-life

ting

age
tion
bunt
g of

fe of

ycle

Cost,
ition
tion,

»
-

End-of-life

Planning Design Construction Operation

Figure 7 — Scope to influence LCC savings over time
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Decisions, data feedback and continual monitoring and optimization of LCC should continue through the
service life of the facility.

The original life-cycle costing assumptions should be reviewed and progressively refined or replaced by better
analysis of quantities, costs and predicted performance of alternative components, materials and services as
the design detail develops. Assumptions about the basis of calculation (such as the period of analysis and the

discount rate to be applied) should also be confirmed during this phase of the analysis.

NOTE 2  As the design is developed, the LCC plan is estimated from the capital and operational cost plans, based on
the level of information available.

The[LCCT analyses should be developed concurrenily with the design and should be confinuously felated back
to the initial plan, with any conflicts highlighted and resolved as applicable. Progressively, reliafieg on historic
cos{s should be replaced by confidence in predicted costs for the project under review.

4.4p Service-life planning — LCC plans

The
pha

The
fro
run
esti

The)
the

plar
con
and
ope

NOT
NOT

The]
or |4

NOT
thes
occy
anal
and

4.4.

LCC plan should be developed from the construction information and updated during the
5e to establish the LCC plan for the operation period.

performance and costs of the completed construction should be monitored and can highligh
the cost predictions; consequences of changes to the operating and maintenance regimes;
ing costs that can be as a result of client adaptations; over-cautious or optimistic predicti
nates.

LCC plan should include documentation of the reliabilityrand durability information, mainten
estimated life cycle for major repairs, and the replacement of the components and building se
should also include sufficient detail to allow menitoring of costs and timing of work. The

life-cycle repairs, and replacement/end-of-lifé‘disposal procedures. The timing of activities
ration and maintenance phase activities should be forecast and agreed in the form of a schedu

E1 See ISO 15686-1 and ISO 15686-2 for guidance on estimating and predicting the service life of cq

E2 See ISO 15686-3 for further details on documentation to accompany service-life planning.

level of operation and maintenance activities should be included in the LCC analysis, as they
ngthen the service life.

E 3 The operation-and maintenance phases are usually the longest in the life cycle of constructe
e phases are often-fieglected. The separately identifiable costs associated with operations and maint
r repeatedly. They/are likely to represent a large share of the total LCC of the constructed asset and ¢
ysis of major.cést headings is necessary (e.g. to achieve an acceptable balance between capital and
maintenance,'and replacement/end-of-life costs or to limit unacceptable risks of failure in use).

b Mdjor repairs, replacements and adaptations

construction

t deviations
ncreases in
bns or time

ance plans,
rvices. The
completed

struction project should be supported by manuals-setting out the information on operational, maintenance

during the
e.

mponents.

can shorten

I assets, but
Enance often
ften detailed
he operation

The cost of planned major repairs, replacements and adaptations should be included in the LCC plan, even
though the plan can require revision when the activities actually occur.

NOTE Major repairs, replacement (and adaptation if required) are essentially a partial repeat of the activities in the
design and construction phases, but at a different point in the life cycle of the constructed asset. The operation and
maintenance phase then begins again with different starting characteristics.

A new LCC analysis should be prepared if a major refurbishment or replacement is needed during the
operation phase. The decision to undertake refurbishment should include assessment of the revised residual
life of the constructed asset and whether the original design life estimates remain valid when set against
achieved service lives and any changed requirements by the occupier/client.
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4.4.7 End-of-life

The LCC analysis should indicate the costs that are included for the end-of-life phase of the life cycle.
Demolition can occur before or after disposal and it should be clear whether the costs are included in the

analysis.

NOTE 1

recycling and/or re-use and/or disposal as waste.

The end-of-life stage can include inspections prior to disposal and can require demolition, preparation for

NOTE 2 Disposal can result in an income rather than a cost if the constructed asset or its parts have further potential
use. Income can be considered, if required, in the WLC analysis.

4.5 Datalfor analysis at different stages of the project life cycle

451 Gerleral

Life-cycle cpsting can be carried out at a coarse level using industry-average or benchmark figures for [that
type of construction (these are sometimes termed “parametric estimates”) or at a detailed level on the bas|s of
specific estimates or predictions of component performance and maintenance activities. Calculations of LCC

can be made at various levels depending on which phase of the project process’is-involved. The degre]

detail and i
detail at wh
the acquisit

NOTE (

nformation available should play a decisive role. The general principle ‘that determines the lev
ch calculations of LCC are made should be the corresponding level.of detail employed to calcu
on costs.

benerally, earlier analysis within the project life cycle is at benchmark level and later analysis is more deta

4.5.2 Benchmark LCC analysis

Typically,
area of the
prison or of]

NOTE 1

integrated L
projects use
that the ana
relevant to th

The bench
checking ag

NOTE 2 A
detailed cost

an initial (budget) cost analysis should be based;on the functional unit (e.g. cost per bed) or

asset (e.g. cost per square metres) or on the\number of persons accommodated (e.g. in a sch
ice).

Vith more time, the LCC cost model can'be calculated in the form of an elemental-level analysis usin
CC structure, which improves the accuracy of the estimating. Caution is needed to ensure that pre
I as the basis for rates (at asset or élemental level) are comparable with the proposed asset. It is neces
ysis also reflect changes in costs since the previous project was undertaken and any other local fa
e new project.

mark-level estimate,should be progressively refined but can be retained only as a basig
ainst the detailed life-Cycle costing analysis.

e of
b| of
late

iled.

otal
ool,

J an
ious
sary
ctors

for

high-level classification of costs is included in this part of ISO 15686 (see Figure 3), but it is likely that more

structures afesused to develop benchmark costs for specific design options.

4.5.3 Detailed LCC analysis

Detailed lifg

individual elements or components of the constructed asset. These should then be summed up to produce a
LCC estimate based on first principles. As the design evolves, the impact of specific options should be tested
to assess the impact on the overall cost (and other project performance requirements, such as time to
complete the work). The level of analysis may include the specific consideration of service-life planning of the
proposed design of composite items. More detailed service lives for particular assets should be considered to
evaluate and inform specification choices.

There are various national standards available on how to break down costs into a structured analysis (see
Bibliography), and it is important to note that the comparison of typical costs from different sources should
ensure that each data structure is clearly understood.
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4.6 Cost variables

For each cost, whether a cost benchmark or a detailed cost-analysis category, the associated time profile of
when the cost occurs (or recurs) should be determined. Time profiles of the costs may consist of only one
occurrence, but any cost that is spread over time, or one that is repeated, can also generate a series of cost
and time pairs. Costs may be fixed or variable over time. The basis of the timing of life-cycle costs or other
cash flows should be recorded in the form of a life-cycle-assumptions schedule.

NOTE 1 These time and cost pairs are most readily converted into LCC estimates over the period of analysis, using a
computer spreadsheet or purpose-built software.

Th i ; aer st of a boiler
they are should be used, not nominal costs) due to the uncertainty of future values. However, nanfinal (future)
valyes may be used, provided they are clearly differentiated in reporting.

es for predicted, future life-cycle costs should be as accurate as possible. Particular.emphasis should be
givgn to the most significant cost variables and where robust benchmark data sets are.limited. VaJues can be
deriyed from

a) |a direct estimation from known costs and components,

b) |historical data analysis from typical applications (e.g. bills of quantities),
c) |models based on expected performance, averages, etc.,

d) |best guesses of future trends in technology, market and application.

Computer models set up for sensitivity and risk analysis should ideally be totally in parametric form, i.e. each
valye should be related to a parameter which, when changed, causes all other costs derived from if to change.
Alternatively, logical analysis and checking of variables may be performed with each change.

Thel level of information about cost variables can\bé dependent on a number of factors, such as the difficulty
of optaining the range and detail of required jnput information upon which to base an LCC analys|s or type of
LC({ evaluation methods and models used.

NOTE 2  This can result in inconsistency in‘the underlying scoping and assumptions.

It cgn be necessary to consider other cost variables, e.g. currency and cost conversion.

NOTE 3  Clauses 5 and 7 pravide guidance on the variables that should be included in LCC analysis. Clduse 6 covers
optignal variables that can be included in WLC analysis.

4.7 Calculating-cost variables and the form of future costs analysis

Costs in an LCCranalysis should be clearly indicated in real or nominal, and present or discounted, terms and
sholld be used’'consistently. Ideally, real and discounted costs should be used.

NOTE More details are given in 5.4.5 and Clause 7.

4.8 Discounting costs to present values
Future values may be recalculated to present values when an investment requires
a) apayment at the beginning of the investment period, and/or

b) payments on future dates.

NOTE The concept of the “time value of money” suggests that, in investment terms, money has a value depending
on the exact date on which it is received or paid; this is dealt with by discounting future values to arrive at the present
value. The “time value of money” is allowed for by discounting future costs to reflect their diminished value in the year of
transaction relative to the base year. The discount rate varies according to the organization involved.
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4.9 Approval and validation

Funders and/or clients can require that the LCC assumptions and decisions be reviewed or audited to confirm
that they provide an adequate and acceptable basis for the LCC estimate.

NOTE 1

Life-cycle costing requires assumptions about the future use and operation of the building or constructed asset

and that decisions be made about the detailed life-cycle costing methodology and outputs. These assumptions and
decisions have a significant influence on the outcomes of the life-cycle costing.

NOTE 2

ISO 15686-3 gives detailed guidance on

reviewing assumptions and decisions. In

particular,

ISO 15686-3:2002, Table 1, gives guidance on the review and audit activities at various stages in the project. Approval

and validatiojroftheassumptions amd methodotogy s tovered at the project=defimitiomstage:

4.10 Reporting LCC analysis

Reporting qf the LCC analysis should make clear the scope of the analysis, the informatioh,on which |it is
based and {he level of reliance that can be placed on the information.

NOTE 1 Confidence in the results of LCC analysis depends on the existence and use of the relevant information} the
assumptions| made, any omissions or exclusions and the input data used in the analysis. Erroneous conclusions cap be
drawn and wrong decisions made due to the use of incorrect data or the omission\of cost-significant items |(see
AS/NZS 4536 ).

Two techniques that can be useful in indicating the range of uncertainty and risk associated with specific LCC
analyses arge the Monte Carlo method and sensitivity analysis.

NOTE 2  The Monte Carlo method and sensitivity analysis are briefly deseribed in Clause 8.

NOTE 3  Clause 9 gives a brief indication of the requirements for, réporting and the audit trail associated with repgrting
the LCC analysis. Further relevant guidance can be found in ISO 45686-3.

5 Setting the scope for LCC analysis

5.1 Releyance and importance of setting parameters for the use of life-cycle costing

LCC analysis should explicitly define the scope, form, level and period of analysis together with an anticipated
level of ungertainty and risks relating-to the LCC analysis and reporting. The parameters of the LCC analysis
should depénd on the purpose and.use of the intended results. The validity and relevance of the analysis|can
depend on|the parameters selected. In particular, people with broad expertise in facilities managenient,
maintenange and repair sheuld’provide input to the appraisal.

An LCC anplysis can.be~undertaken to understand the implications of an investment in a constructed agset.
Often, it is ysed to compare and evaluate options that can have different implications.

NOTE 1 For.Comparison of alternative investment options, see Clause 6 and Annex B.

Doing nothing should be included as an option, especially in the case of refurbishment. All options should
satisfy the client's requirements brief; comparing substandard options should be avoided. If the initial
comparison results are unacceptable, this can indicate that the original brief should be revised.

The repercussions or consequences of selecting an option should also be considered; for example,

a) changing the thermal resistance properties of the envelope by selecting different materials can result in
changes in heating and cooling costs;

b) changing from a paint to a lightweight stain can require a different application regime and re-coating at
different frequencies;
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providing a better initial specification can result in reduced disruption to the use of transport infrastructure

assets during maintenance;

providing a specification that can adapt to changing demands (e.g. for road or school use) can provide a

longer life cycle.

In particular, options can have different external or intangible costs, such as restricting access to the building
or disrupting occupant activities. These might not be costs borne by the client (e.g. disruption and associated
loss of retail income to tenants in a shopping centre during building maintenance) and so can be overlooked.

NOTE 2
builg
such

cost
assq

Major cost implications tend to be associated with significant/strategic design options, such a

s orientation,

ing footprint, location or site, building height or layout. Similarly, the selection of options for indoor cli

implications. For non-building assets, the long-term performance, safety and flexibility tend to-be)criti
ts often have a longer life cycle. Clauses 6 and 7 describe some of the critical variables that it is advisab

in ap option appraisal.

5.2

The)
brie|
Sen
the
dict

NOT

Service life, life cycle and design life

f. The estimated service life of the asset should be at least as long as the’design life.

E For further information on estimated service lifesand design life, see 1SO 15686-1 and

Maintenance, repair and replacement are required for certain parts to achieve the predicted/estimated life cyc

5.3

The)
ass

NOT

Period of analysis
period of analysis should be based on, the client's requirements, which may be over the life
pt.
E1 Where the life cycle is longer than 100 years, the period used in calculations can be 100 years (b

as the calculation is unlikely to be significantly affected beyond this point.

Oth

a)

b)

pr factors can also be taken into account, such as the following:

the period of foresgéable need or occupation of the constructed asset (the entire life cycle
preferred period.of analysis; if the analysis is over a shorter period, this should be explicitly
reporting;

a period\ determined by a contractual liability (e.g. for maintenance of the asset or for
financing the investment);

c)

a-standard investment-analysis period applied within an organization.

as between passive ventilation/solar design and air conditioning/heating, can have significant capital-g

design life of the constructed asset is a key performance requirement and_should be defined in

ice-life replacement dates should be included in life-cycle costing. The life cycle should take
period during which the asset is intended to be used for its function or business purpose. Thig
hte the period of analysis of the LCC and can dictate the design life for major assets and compdnents.

mate control,
nd operating
cal, as these
e to consider

the client’s

account of
period can

SO 15686-2.
e.

cycle of the

agreement)

; this is the

indicated in

A mortgage

It can be necessary for the LCC analysis to consider costs occurring outside the period of analysis as they can

sign

NOTE 2

loss

ificantly impact the client's costs of ownership.

of performance) and the residual value of the asset.

Such costs can include heavy maintenance costs due after the end of a period of analysis (and/or associated

The results of the LCC analysis may be reviewed over several periods of analysis if a shorter period than the
life cycle is selected. There can also be a requirement to assess the risk inherent in delaying maintenance
works beyond the end of the period of analysis.
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Obsolescence should be taken into account when setting the period of analysis, as it can cause the
unplanned end-of-service-life or a change of use. A sensitivity analysis can reveal how precise the calculation
is, and how it affects the calculation if the input were different.

NOTE 3  More information on obsolescence is given in ISO 15686-1.

5.4 Cost variables

5.4.1 Acquisition costs

iuse

NOTE Improvements (e.g. to the site landscaping, or certification to ISO 14001) can be justified on'the basjs of
increase to the value of the building in a WLC analysis.

Acquisition [costs may form a substantial part of the total LCC for new construction and/or(assets with a short
life cycle. Agquisition costs may include

a) site copts (potentially including site improvement, enabling works and infrastrueture provision, althqugh
these may be the subject of separate projects or may be sunk costs);

b) temporary works/decanting costs;

c) designfengineering costs;

d) regulatpry/planning costs;

e) constryction and earthworks;

f) commigsioning costs/fees;

g) busines$s use of in-house resources and admihistration.
Sunk costs|should not be included in an LCC.analysis except where there is an opportunity cost in using an

existing asget or land in the ownership oftthe client. In this situation, the opportunity cost may be includdgd in
the LCC anglysis, but it should be notegd:

5.4.2 Opgration, maintenance@nd replacement costs

5421 Qperation, maintenance and replacement issues
The prime gbjectives of\estimating the operation, maintenance and replacement costs should be

— to ensyre thatthe service life is optimized to meet the specified design life,

— to understand the implications of options under consideration

Operation and maintenance should be an integral part of any LCC analysis. A wide range of operation and
maintenance types, activities and frequencies can have different costs and effects on the ongoing
performance and future replacement cycles of a constructed asset. The results of the LCC analysis (with
consideration of other performance requirements in the client brief) can determine an acceptable operation,
maintenance and replacement plan for the constructed asset.

Issues that should be considered include

a) the performance over time of each element in the anticipated building location,

b) the identification of probable dates of failure and whether they conform to the client brief or regulations,
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c) the work required and associated costs to retain and/or restore the element to acceptable performance at
various stages through its life (by maintenance or replacement),

d) the costs associated with loss of the amenity due to unavailability or failure,
e) the costs associated with degraded performance,
f)  the reduced service life (of the building or element as appropriate) resulting from any maintenance option,

g) the costs that a particular operation and maintenance option incur at the design stage (e.g. the costs of
building in access for cleaning or replacement options),

h) |the maintenance and associated management costs that tend to occur/recur on regular, shortiterm cycles,

i) |replacement costs that can occur on (a) relatively longer cycle(s) and can be analysed sepgrately or as
part of the capital costs,

j) |energy and other consumable/utilities costs associated with mechanical) and electricall plant and
machinery.

Thel issues described above can require iterative consideration following“changes or developments to the
des|gn or to the client’s requirements. LCC analysis can require recaensideration or full revision|at different
stages of the life cycle.

NOTE Failure and associated end-of-life can be functional,<aesthetic or economic, or result from| foreseeable
changes in requirements or changes to technology. Replacements.can be required in practice to associated elements in
the fourse of major replacements (e.g. rainwater-disposal systems when roofs are recovered, or tiles when bathroom
sanifary equipment is renewed).

5.4..2 Maintenance activities

Maihtenance activities can be grouped into yarious categories for cost/budget analysis, but all shoullld be taken
intolaccount. The categories may include maintenance that is

a) |preventive in intention (including condition-based or predictive and scheduled),

b) |corrective in intention (including allowances for emergency/unforeseen events or reactive cqrrections to
failures),

c) |deferred (a decision-about timing and urgency, which can have cost consequences).

5.4.2.3 Maintenance management activities

If the LCC.analysis includes maintenance management, the costs may encompass all activities necessary to
arrgnge; prioritize, resource or check maintenance, such as

a cvelicalinenaction-fincludina-condition-survaeve snacific-insnections —condition-monitorina)
Yerear-HhSpecHoR-HRGHaHRY REHER-SHHY8YS-SPBGHEHRSPBcHORS, RetHeoR-HRORROHRG);

b) maintenance planning (including scheduling, resourcing, tendering),
c) design and management of major replacements.

NOTE The design and management of major replacements is normally included in the costing of the major
replacements, while inspection and maintenance planning can be dealt with as a separate cost heading.

5.4.2.4 Cleaning and minor repairs

Cleaning can be considered within the context of maintenance or can fall into the management category.
Similarly, minor repairs (such as lamp replacement) can be considered as maintenance or dealt with as
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management activities. The LCC report should clearly indicate where cleaning and minor repairs have been

considered,

5.4.2.5

or that they are excluded, by agreement, from the analysis.

Indirect costs of maintenance

The LCC analysis should match the requirements of the client’s brief. The client may require that some or all
of the following indirect costs be taken into account:

me (loss of function for a period);

on of business activity (e.q.. disruption to retail or to transport):

a) down ti
b) disrupt
Cc) non-ayv
d) cost ef
e) mainte

of in-sii
f)  externe
If any other
be identifieq
NOTE 1 B
depositing w
NOTE 2 |

543 End

LCC analysis should include assumptions about performance requirements that can affect end-of-life cos

can be nec
nominal cog

NOTE 1 F
demolition o
use and the

NOTE2
place early i
can be asso
options.

5.44 End

hilability of a building/structure (and any associated costs for alternative accommodation);
ects of aesthetic condition (e.g. loss of income resulting from difficulty in letting a building);

nance strategy (e.g. timing of cycles for cyclical maintenance of finishes or the-presence/abse
u professional maintenance personnel);

| costs/savings data (e.g. to tenants of the building).

costs or savings are included for consideration as part of the option-appraisal process, they sh
in the LCC analysis.

Examples include taxes on particular types of activity, such as‘design fees or environmental taxe
bste.

-of-life costs

bssary to give specific consideration fo’environmental requirements, which can involve the us
ts.

or example, disposal costs can-be affected by works required to decommission or make good a site follo
evel of pollution/contamination likely to remain following demolition.
Fqually, where demolition of an existing constructed asset or other remediation of a brownfield site t

N a project, it can~be“necessary to consider appropriate and/or best-practice works at an early stage. T
Ciated specificcand’identifiable costs (i.e. landfill tax) that indicate the advisability of investigating altern

-of-life-residual valuations

Residual va

nce

buld

5 for

can be necessary to include certain externalities and business disruption costs, i.e. costs associated with the
process but mot reflected in the interaction between the provider and, the' client.

s. It
e of

wing

disuse under the “polluter pays” principle. Assumptions can be made about future costs, dependent on the

bkes
here
tive

lue‘should be evaluated hy dpfprmining what similar r‘nmpamhly-ngpd assets in similar locat

ons

are currently selling for in commercial markets. Alternatively, book estimates of the resale value of used
assets can be available from industry or government sources. The values of similar, comparably-aged assets
can also be assessed. If neither of these mechanisms can be utilized, a straight-line depreciation based on
the capital value and depreciation over the service life or design life of the asset can provide a more accurate
value. Positive residual values should be considered in whole-life costing; but it should be noted that they can
be substantial and that the decision to consider end-of-life costs can generate a reasonable demand to also
consider residual values. The condition of the asset at the end of the period of analysis can impact the
residual or disposal value and can reflect the maintenance policies and expenditure during the life cycle.
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5.4.5 Discount rate
The type of discount rate, either real or nominal, should be clearly distinguished.

NOTE 1 The real discount rate applied to costs (and benefits) that are also measured in real terms assumes that
inflation/deflation applies equally to all.

Occasionally, escalation rates may be used as a form of sensitivity analysis where there are grounds to
anticipate that the standard rate of inflation does not apply in the case of a specific option. Typically, real rates
should be used; these exclude the impact of future inflation. Nominal rates may be used by agreement, if that

is what is required by the client or justified by the situation.

Thejdiscount rate in the private sector should represent the opportunity cost of investing the capita|, which can
be

a) |the interest cost of a loan for the investment,

b) |the interest lost on reduction of cash on deposit,

c) |the returns lost on investment elsewhere (e.g. in bonds or equities),

d) |the actual return achieved on capital investment in the business,

e) |the required rate of return of an investor in a new business.

Within the public sector, a discount rate can be determinedcbyythe central government (sometimeg termed the
socfal discount rate) as a test requirement for their investments, based on an assessment of the long-term
oppprtunity cost to the public sector of selecting one investment rather than another.

NOTE 2  Historically, the real discount rate has refleéted the general productivity rate of the producer, s¢ctor or field.
Gengrally, productivity has been within 0 % and 2 % o6ver the long term. However, rates as low as these are pot universal.
Disdount rates of between 0 % and 4 % are typically-used. A higher rate discourages long-term investments, while a lower
ratelencourages them.

NOTE 3  Where the discount rate is not.a requirement fixed by the client (public or private), it is normal [to undertake
sengitivity analysis using a range of rates to test the validity of the conclusions if the input conditions change.

5.4.6 Inflation

If rgal costs are used.inthe LCC analysis, assumptions about the general rate of inflation shpuld not be
required. However, ifinominal costs are used in the LCC analysis, assumptions can be made abgut discount
ratels (and underlying/inflation rates), but they should be explicit and the sensitivity should be checked.

5.4f Taxes and subsidies

Taxes‘and subsidies can affect the relative price and the decision-making process. LCC analysig should be
adjysted for any incidence of tax arising from the different options being considered. The existence of tax

subsidies associated with the investment should be included.

5.4.8 Changes in costs over time

Possible disproportionate changes in costs relative to inflation should be considered when setting the scope of
the analysis.

EXAMPLES Shortage of labour; cost of scarce materials for historic-asset renovations; costs associated with transport
for works in remote locations.
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5.4.9 Energy and utilities costs

Where an analysis is made of energy costs, present-day supply costs should be used unless it is foreseeable
that the relative costs can change between alternative energy sources. Where an investment appraisal is
assessing energy-efficient technology, energy savings should be treated as a future income stream (or

negative cost) for comparison purposes.

NOTE 1

NOTE 2

Energy-price escalation is a major LCC factor; refer to 8.3 for treatment of such uncertainty and pricing risk.

While energy costs are the utility cost that has historically been most subject to price increases

disproportionate to inflation, other utilities (especially water) can be subject to similar pressures over the period of analysis.

6 WLC pariables used in some investment option appraisals

6.1 General

When unddrtaking investment option appraisals, many variables in addition to LCC variables can impact on
the value-fgr-money assessment and should be taken into account.

For certain| forms of construction procurement, these additional variables form an integral part of|the
investment pption evaluation and appraisal process and can be referred to as whole-life cost (WLC) variabjes.

Typically, the difference between WLC and LCC analysis is that the variables for WLC can include a w

ider

range of exjernalities or non-construction costs, such as finance costs;business costs and income streams.

A number ¢f different analysis techniques to measure and compare the return on investment may alsg be
used in WL[.

NOTE 1 $uch issues are additional to the defined variables$ ‘of life-cycle costs and are not mandatory. These cap be
relevant to some life-cycle costing appraisals as well, where the client demands them (e.g. variables of the acquigition
costs and digposal income).

NOTE 2  $ome of the measures typically used in WLC are included in Annex B.

6.2 Externalities

Life-cycle gosting can help to ensure an optimized approach to asset selection, maintenance and Lse.
However, jydgements made ondhge basis of investment returns can be based purely on market efficiency, |and
can fail to r@cognize the widef-implications economic decisions have on society. Market prices for construgtion
might not value the social, ‘environmental or business costs or benefits of production and consumption.

WLC analyges that corisider the occurrence of externalities can highlight possible future risks and rewards
that are not|otherwiseidentified. Externalities that are considered should be clearly identified in the analysip.
NOTE A €ommon approach by government in dealing with externalities is the imposition of regulatory taxeg on
negative exterrattes—and—subsidies—er—the—exierral-beneh hese—are—tangible—ee H r—be—readh et into

account in an LCC analysis (they are tangible costs to the client). Analysis that considers the external costs and benefits is
relevant because possible options can have real costs and revenues because of such government action.

6.3 Environmental cost impacts

Environmental legislation can introduce costs (or savings via rebates) to life-cycle costing depending on the
impacts that the asset's location, design, construction, use and disposal place on the environment.
EXAMPLES Cost premiums for the use of non-renewable resources or for greenhouse gas emissions.

Where these costs are external to the constructed asset, they may form part of a WLC analysis.
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An example is the pollution impact outside the construction site (e.g. to rivers), which are not priced within the

construction cost. However, it is important not to monetarize aspects that have no economic consequence purely to take
them into account (see also 6.5).

6.4

Social costs and benefits

Certain costs and benefits associated with an investment can have an impact on society in general, but should
not be included in the LCC analysis (i.e. they are externalities) unless requested by the client. In this case, the
limits on what is included in the LCC analysis should be defined.

NOTE 1
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Within WLC option analysis, an example of a social benefit is the educational impact of providing

an additional

ol in the community. An example of social cost is centralizing services to a new, more distant hospital.

monetarization of non-economic costs/benefits should be avoided and externalities~shoulg
tified in any analysis.

E 2 A social cost that is rarely included in LCC calculations (unless imposed by a public client in th
vance) is user costs (or benefits) associated with the provision of transport infrastructure-’ Allowances ca
costs associated with delay) or negative (e.g. where speedier journeys due to the“provision of a new
ency).

Sustainable construction

objective of service-life planning should generally be to,allow decision makers to includ
ronmental, economic and social aspects, all within a long-term context, in their decision m
lysis is a technique that should form part of an overallyaim to balance the objectives of
struction.

ever, the balancing should be explicit and notsincluded as a conceptual part of any of th
sequently, LCC and WLC analysis should incltude only actual costs related to the construct
e influencing its economy.

“costs” should be included only if thereis an actual payment (e.g. through taxes). Otherwise,
be doubly counted when integrating cost assessments with other quantifications of
ainability.

fe-cycle assessment (LCA) can be used to measure the impact of environmental extern
efore, be used to aid WLE _decisions that include a measure of the external cost of investment.

E1 Consideration,'of’ the environmental impact of potential investments can allow for the delivery
d on sustainability~iSsues. Further guidance on LCA is found in ISO 14040 and ISO 14044 and the
ce planning and LCA is dealt with in ISO 15686-6.

E2 1SO21931-1 provides a framework for methods of assessment of environmental performance of |

integration of service-life planning into the procurement and management of constructed
Ive~assessment of the cost implications of adopting sustainable building policies and/or strg
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LCC may also be used when assessing the cost of compliance with sustainable construction legislation.

NOTE 3

6.6

Sustainable construction legislation can encompass carbon trading or avoidance of landfill.

Intangibles — Impact on business reputation, functional efficiency, etc.

Where an economic assessment of an intangible has been made, it may be included in a WLC analysis.

Intangibles arise as a result of improvements in a constructed asset that can be difficult to quantify. These
improvements can affect the user's comfort, amenity and efficiency, which can lead to increased satisfaction
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and efficiency, with associated financial implications (e.g. improvement in morale leading to reductions in
absence through stress).

Intangibles can be difficult to measure in economic terms. Where a value has been attributed, such intangibles
should be clearly identified as monetarized intangibles.

NOTE

a)

Examples of value being added to a built asset can include the following:

be used to trigger urban regeneration;

b) functio

c) pleasa

improv

6.7 Futu

Future inco
analysis.
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NOTE i
centre throu
payments fo
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working conditions or better transport links can increase the productivity of the workforce, leading)to g
ments in the business case for investment.

e income streams

e streams may be included in a WLC analysis but should not, generally, be present in an

come from sales of refreshments or tolls from bridges or roads).

uture income streams are normally associated with the private sector (e.g. predicted income from a shoq
ph rental income). However, they can also be associated with“public sector facilities in the form of an
providing a public facility, such as a school.

hcing costs

financing the investment may be considered in WLC. These costs may be reflected in the disc
pquently a non-discounted cash flow_analysis is subject to a separate financial appraisal
th timing and cost of financing maximum borrowing at different dates. This can also requi
of expenditure profiles, which can~involve sub-optimal decisions in terms of LCC. This can nj
ent case stronger, purely as a result of different financial implications for expenditures at diffe

Id, generally, be a detailed risk analysis as part of the financial appraisal. The exact isg
should reflect individual contractual agreements with financers.

7 Decislion variables’— Basis of calculating costs

7.1 Real

Real costs

costs

should, generally, be used in LCC analysis to ensure accuracy regardless of the point in tim|

advertising for the business; landmark buildings or transport hubs can provide prestigious status symbols and even

irect

 CC

me streams can form a subsidiary part of an LCC analysis in thedorm of negative costs (e.g. to
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NOTE 1

SIS are Incurred.

Using real costs allows the use of current known information.

A base date should be set in the recent past or near future.

NOTE 2
environment
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in which they live, work or think.

A recent or near base date is usually chosen because people are familiar with the current costs and the cost
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7.2 Nominal costs
Real costs might not be appropriate for preparing financial budgets where actual monetary sums are needed
to ensure that funding is available when required. Nominal costs should be derived from projected economic,

technological and efficiency factors. The nominal cost should be calculated by multiplying the real cost by the
inflation/deflation factor, ¢; 4, which should be determined using Equation (1):

gig =(1+a)" (1)

where

a is the expected percentage increase in prices per annum;

n is the number of years between the base date and the occurrence of the cost.

7.3| Discounted costs

Dis¢ounted costs should be calculated by taking costs that occur in future years'and reducing them by a factor
derived from the discount rate. Different discount rates may apply depending(oh whether nominal gosts or real
cos{s are being discounted. If nominal costs are used, the discount rate.shiould include an inflation/deflation
factpr. If real costs are used, the discount rate should not include an inflation/deflation factor.

A discount factor, ¢4, should be calculated from the discount rate, d;\tsing Equation (2):

1

94 = (ra)’ (2)
whdgre

d is the expected real discount rate per annum;

n is the number of years between the base date and the occurrence of the cost.
A rgal cost should be converted to a discounted cost using the factor ¢; 4 as calculated in Equation (2).
A npminal cost should be convertedto a discounted cost using the factor ¢ ,; calculated in Equation (3):

1
ddnc = W 3)

whdgre
d is théexpected real discount rate per annum;
a . is'the expected increase in general prices per annum;

|n -~ is the number of years between the base date and the occurrence of the cost

7.4 Present value

7.41 General

The present value should be calculated by discounting future cash flows to the base date, and should be used
for comparing alternatives over the same period of analysis. Present value calculations should be used to
calculate the present monetary sum that should be allocated for future expenditure on an asset.

NOTE The value of money is not constant with the passage of time; see Annex A for a worked example of present
value.
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7.4.2 Net

present value (NPV) or net present cost (NPC)

The net present value (NPV) may be described as the sum of the discounted benefit of an option less the sum
of the discounted costs.

A stream of

future costs and benefits should be converted to a net present value Xypy using Equation (4):

Cn
n= 1 1+d

where

C isthe costin year n;

g s the discount factor;

d is [he expected real discount rate per annum;

n is fhe number of years between the base date and the occurrence of the gost;

p s the period of analysis.
NOTE 1  The discount rate allows for any future inflation/deflation if the nominal‘costs instead of the real costs are ysed.
Where costp only are taken into account, the NPV may be called the.net present cost (NPC).
The NPV should be a single figure that takes account of all relevant future incomes and expenditure ovel the
period of aralysis.
NOTE 2 NPV is the normal measure used in an LCC analysis, although others are available (see Annex B).
8 Uncertainty and risks
8.1 General
As LCC apalysis requires assumptions about future behaviour, iterative risk analysis can be used to
progressively reduce uncertainty,-but a residual risk always remains. Therefore, LCC analysis should include
consideration of uncertainty and.risk.
NOTE The distinction<between uncertainty and risk is that “risk” is used when probabilities can be estimated|and
“uncertainty”|is used whenthey cannot.
8.2 Identification of the causes of uncertainty and risks
8.2-1 Th :UVU: Uf uIIUUrtGIIILy alld IIO:\ OOOUUIatUd thh LCC al IGI_YOIO Uall dU'JUIId UII ouuh IOOUUO dao the
quality of the data available and the robustness of the scoping, pricing assumptions and methods of
calculation.
NOTE The lack of common methodologies for life-cycle costing in the construction industry has resulted in issues

such as scope and definition rarely being clearly recorded.

8.2.2

LCC should be understood. Issues that should be considered in LCC analysis include the following:

variety

26

confusion over costs to be included/excluded (e.g. scope of LCC and/or elements of WLC);

of LCC measures and models (e.g. NPV, PDV, IRR, net savings);

In order to address cost uncertainty and reduce risks, the key issues and barriers to the widely used
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— transparency and robustness of the underlying assumptions and methods of calculation;
— lack of information about detailed design at the beginning of the project;

— introduction of a new technology/products and prediction of the cycle of obsolescence;
— interface issues between capital costs and running costs through to end-of-life/disposal;

— lack of contractual incentives to do life-cycle costing on build-and-construct-only contracts;

chaordaae-of axnar lifo_cvela_coctina nractitionare-and-nraofaccionaladucation-nroarammaes
SHOT T G e O CXP eI thTe— Oy e CoO St gttt o Cro ot pProre oSO e auCotor—prograr i oo

8.2.3 Mistaken judgements that can increase the uncertainty of the LCC analysis include
— |the use of optimistic estimates (in order to justify the project),

— |the use of unattainable service lives,

— |impractical maintenance programmes and replacement scheduling.

8.2.4 Judgements about future activities/occurrences that are outside-the control of the person undertaking
the LCC analysis but which can be considered within the scope of thé analysis include

— |a commitment to achieving maintenance levels (e.g. inabilityto manage maintenance),
— |future users' requirements (e.g. flexible space utilization and functional suitability),

— | changing user behaviour (e.g. intensity of use, vandalism).

8.2.p Other issues that can also cause uncertainty in the results of LCC analysis over long perio@ls include
— | predicted inflation rates,

— | overhead/profit and on-cost allowances,
— |labour and material costs;

— |changes in legislation/(particularly with regard to health and safety and energy performance/carbon
emission targets);

— |the impact of climatic changes.

NOTE Eactors for estimating the impact of these rely on expert judgement.

8.3| (Monte Carlo analysis and confidence modelling

Where a range of possible costs is calculated, it can be beneficial to model the uncertainty attached to the
cost or time variables using statistical techniques, such as the Monte Carlo analysis. This should allow the
identification of a distribution of possible costs and a range of more and less probable figures for use in
calculations.

NOTE To improve the confidence in the LCC analysis, for example, a client can require the estimation of costs with
10 %, 50 % and 90 % confidence levels. Software is available to model uncertain values using the Monte Carlo analysis
and similar statistical techniques.
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8.4 Sensitivity analysis and modelling the effects of changing key assumptions

Sensitivity analyses can be undertaken to examine how variations across a (plausible) range of uncertainties
can affect the relative merits of the options being considered and compared. These ranges should be
probable, within the limits of what is anticipated and fit within the client’s brief. These analyses can help to
identify which input data have the most impact on the LCC result and how robust the final decision is.

Examples of key assumptions that can have the biggest effects on the uncertainties include

a)

discount rates,

b) the pen

c) incomg
assum
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collecting a
consider ho

EXAMPLE 1
as energy cdq
associated W
shorten the

obsolescenc

Escalation

EXAMPLE 2
applied to m
factors.

Iterating th
vulnerability

If the sens
decision sh
service live
based upon

NOTE b

9 Repo

9.1 LCC

od of analysis,

lete or unreliable service life or maintenance, repair and replacement cycles or cost data base
btions.

hnalysis can be an important guide to assessing what additional information-it is worthw
hd what are the most significant assumptions that it is necessary to make. lt"'¢an also be use
w flexible or variable requirements can be during the period of analysis or-the life cycle.

A typical example of sensitivity analysis is to check the impact of futurechanges in operating costs,
sts. Previously, certain building services installations have been rendered obsolete because the energy d
ith them have risen disproportionately relative to the general price inflation. The effect of this has bee
service lives for the plant installed and to increase the operational eosts of the asset. More informatio
b is given in ISO 15686-1.

ates can also be used to assess the impact of differential changes.

A facility in a remote location that requires periodic’ maintenance can have different escalation
bterial costs, transportation costs and labour costs. Fhese can be determined by local or regional econ

)
=

sensitivity-analysis calculation with «a_range of values for the variable data can indicate
of the LCC to variable data.

itivity analysis indicates that+alternative variables have little effect on recommendations,
ould be unaffected. If, however, the recommended option is varied by different discount rg
5 or costs, etc. being applied;y’it may indicate that further analysis is required or that the decisid
factors other than LCG:

Fxamples of sensitivity analysis are included in Annex C.

rting

analysis — Presenting the results and supporting information
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The results of an LCC analysis should be documented in a report so that users can clearly understand both
the outcomes and the implications, including clearly defining the purpose, scope, key assumptions, limitations,

constraints,

uncertainties, risks and effects of any sensitivity analysis.

The report should include

a) an executive summary,

b)

c)
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a statement of objectives,

the purpose and scope (including what costs have been considered/excluded and the period of analysis),
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d) the materials under consideration,

e) any assumptions made,

f) any constraints and risks identified,

g) alternatives considered in the analysis,

h) athorough discussion of the interpretation of the results, including risk assumptions and exclusions,

i) _agraphical representation of results,

NOTE While not essential, a graphical representation of results frequently aids understanding\and provides a
readily comprehensible summary of results. An example is included in Annex D.

j) |a replacement and maintenance plan or profile, if included in the client’s requirements and sppported by
the level of analysis,

k) |a presentation of the conclusions related to the objectives of the study. and recommendatipns for any
further work.

Thelformat and extent of analysis should be agreed in advance, including

— |the decision and cost variables being analysed (includingya.statement of the agreed scope and any
exclusions),

— |whether sensitivity analysis should be undertaken and’if so to what confidence levels,
— |the data and analysis structure,

— |the method of accounting for the time value,of money,

— |the period of analysis,

— | any other specific client requirement, as applicable.

NOTE Some national standards and internationally agreed guidance describing data and analysis sfructures are
listed in the Bibliography.

9.2| Reporting costs

Degending on the level of analysis undertaken, costs should be broken down into separate headings for
congideration’

NOTE 1 See Figure 3 for an example of a high-level cost-data-reporting structure.

Capitatfacquisitionrtosts—shoutd-betonsideredseparatety fromrcoststhatoccurduringthesubsequent phases
of the life cycle. It can be beneficial to consider separately, for example, maintenance and replacement costs
or costs associated with different parts of the asset. These costs may be paid by different organizations or
parties, or may be analysed separately for benchmarking and comparison purposes.

Typically, analysis at the early stages of the project may be at a coarse level (e.g. estimated costs per square
metre or per head of occupation). A more detailed breakdown of different heads of cost should be provided at
a later stage. Equally, as design evolves, it can be necessary to check alternative options at a strategic level
or at a detailed level.

NOTE 2  An example of the levels of cost analysis and estimating techniques are included in Annex E.
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9.3 Approvals and audit trail

For LCC an

alysis, records should be retained in accordance with the guidance in ISO 15686-3. These records

should include

— costca

Iculations,

— evidence of service life,

— sources of cost data and any validation undertaken,

— discuss

— retaine

ions on the scope of analysis,

H copies of software packages/LCC models.

There can Be potential liabilities associated with providing assessments of life-cycle costing@nd/or servicg-life

planning. R
insurance r

pcord-keeping (whether paper or electronic) should include issues such as proféssional indennity
ptention, handover of relevant portions to other parties at later stages, and insurance cover.
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Annex A
(informative)

Worked examples — Analysis techniques used in LCC

A.1 Present value calculation — Example showing rates between 1 year and 50 years

Tabje A.1 gives some of the discount rates that are used to provide a present value for a cost\odcurring in a
particular number of years’ time, at a variety of discount rates.
Table A.1 — Present value of a single monetary unit with discount ratesof 1 % to 7(%
Years in Discount rate
the future 1% 2% 3% 4% 5% 6% 7%
1 0,99 0,98 0,97 0,96 0,95 0,94 0,93
2 0,96 0,96 0,94 0,92 0,91 0,89 0,87
3 0,97 0,94 0,92 0,89 0,86 0,84 0,82
4 0,96 0,92 0,89 0,85 0,82 0,79 0,96
5 0,95 0,91 0,86 0;82 0,78 0,75 0,76
6 0,94 0,89 0,84 0,79 0,75 0,70 0,67
7 0,93 0,87 0,81 0,76 0,71 0,67 0,62
8 0,92 0,85 0,79 0,73 0,68 0,63 0,58
9 0,91 0,84 o7 0,70 0,64 0,59 0,54
10 0,91 0,82 0,74 0,68 0,61 0,56 0,51
11 0,90 0,80 0,72 0,65 0,58 0,53 0,48
12 0,89 0,79 0,70 0,62 0,56 0,50 0,44
13 0,88 0,77 0,68 0,60 0,53 0,47 0,41
14 0,87 0,76 0,66 0,58 0,51 0,44 0,39
15 0,86 0,76 0,64 0,56 0,48 0,42 0,36
16 0,85 0,73 0,62 0,53 0,46 0,39 0,34
17 0,84 0,71 0,61 0,51 0,44 0,37 0,32
18 0,84 0,70 0,59 0,49 0,42 0,35 0,30
19 0,83 0,69 0,57 0,47 0,40 0,33 0,28
20 0,82 0,67 0,55 0,46 0,38 0,31 0,26
24 0,81 0,66 0,54 0,44 0,36 0,29 0,24
22 0,80 0,65 0,52 0,42 0,34 0,28 0,23
23 0,80 0,63 0,51 0,41 0,33 0,26 0,21
24 0,79 0,62 0,49 0,39 0,31 0,25 0,20
25 0,78 0,61 0,48 0,38 0,30 0,23 0,18
26 0,77 0,60 0,46 0,36 0,28 0,22 0,17
27 0,76 0,59 0,45 0,35 0,27 0,21 0,16
28 0,76 0,57 0,44 0,33 0,26 0,20 0,15
29 0,75 0,56 0,42 0,32 0,24 0,18 0,14
30 0,74 0,55 0,41 0,31 0,23 0,17 0,13
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Table A.1 (continued)

Years in Discount rate
the future 1% 2% 3% 4% 5% 6 % 7%
31 0,73 0,54 0,40 0,30 0,22 0,16 0,12
32 0,73 0,53 0,39 0,29 0,21 0,15 0,11
33 0,72 0,52 0,38 0,27 0,20 0,15 0,11
34 0,71 0,51 0,37 0,26 0,19 0,14 0,10
35 0,77 0,50 0,36 0,25 0,18 0,13 0,09
36 0,70 0,49 0,35 0,24 0,17 0,12 0,09
37 0,69 0,48 0,33 0,23 0,16 0,12 0,08
38 0,69 0,47 0,33 0,23 0,16 0,12 0,08
39 0,68 0,46 0,32 0,22 0,16 0419 0,07
40 0,67 0,45 0,31 0,21 0,14 0,10 0,07
41 0,67 0,44 0,30 0,20 0,14 0,09 0,06
42 0,66 0,44 0,29 0,19 0,13 0,09 0,06
43 0,65 0,43 0,28 0,19 0,12 0,08 0,05
44 0,65 0,42 0,27 0,18 0,12 0,08 0,05
45 0,64 0,41 0,26 0,17 0,11 0,07 0,05
46 0,63 0,40 0,26 0,16 0,11 0,07 0,04
47 0,63 0,39 0,25 0,16 0,10 0,06 0,04
48 0,62 0,39 0,24 0,15 0,10 0,06 0,04
49 0,61 0,38 0,23 0,15 0,09 0,06 0,04
50 0,61 0,37 0,23 0,14 0,09 0,05 0,03
A.2 Example of discounting deferred costs

Figure A1

5 an example showing the present value of one unit of monetary value occurring at the year sh
at a discount rate of 2 %,4"% or 6 %.

pwn,
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