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Foreword

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-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Objectives

The key ob

jectives of this document are to:

— establish clear terminology and a common methodology for life-cycle costing (LCC);

— enable

— enable

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

the application of LCC techniques and methodology fora wide range of procurement meth

nds;

— help tg
— addres
— make

— setouf]

improve decision making and evaluation processes at relevant stages of any project;
s concerns over uncertainties and risks and improve the confidence in LCC fore¢asting;

he LCC and the underlying assumptions more transparent and robust;

the guiding principles, instructions and definitions for different forms of £.CC and reportjing;

— provide the framework for consistent LCC predictions and performance assessment, which

facilitd

tes more robust levels of comparative analysis and cost benchntarking;

— provide a common basis for setting LCC targets during design-and construction, against which

actual

cost performance can be tracked and assessed over the dsset life span;

— provide guidance on when to undertake LCC, to what level‘and what cost headings are approprjate

for cor
— help ui

— clarify|

sideration;

the differences between life-cycle costing-and whole-life costing (WLC);

— provi

— provi
Life-cycle

Life-cycle ¢
of construg
the client’s
current ec
this docunj
described

text. The ¢
ISO 15686

1lock the real value of effectively doing LCC ins€onstruction by using service life planning;

a generic menu of costs for LCC/WLG-ecompatible with and customizable for specific natignal
or intefrnational cost codes and data-structure conventions;

cross-references to guidanee on associated activities within the other parts of ISO 156

costing, service life planning and other performance requirements

ted assets. Life-gyele costing is one form of analysis for determining whether a project m
performance réquirements. Analyses can necessitate the use of other parts of ISO 15686
bnomic data‘frem clients and the construction industry (see Figure 1). It is possible to

hre covered in more detail in the other parts. Where applicable, this is referenced in
ther parts of ISO 15686 that are most relevant for life-cycle costing are ISO 15686-1
R

B6.

osting is a valuable-technique that is used for predicting and assessing the cost performgnce

pets
and
use

ent witheut extensive reference to others, although a number of the terms and techniques

the
and

Vi
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Construction > Operation

End of life

Thd
on
pra

Figure 1 —RPerformance requirements in the context of the project life cyclg

Design and
Client brief Decign construction
° documents
Audit
and review
ISO 15686-3 P>
Requirements [— Technical
assessment
ISO 1568641
Cost
Targets Performance assessment
requirements [SO 15686-5
Environmenta
assessment
) IS0 15686-6
Regulations |

Other
assessment

Bibliographg2includes some informative national standards and guidance that provide more detail
hspects such-as levels of cost analysis, examples of analysis and application of the principles for

ctical projects.

w

can'‘use this document?

Theprovisions of this document 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;

facility operators (to help them input more effectively into the design process);

cost consultants and other specialists.

© IS0 2017 - All rights reserved
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The provisions in this document 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 costingis relevant at portfolio/estate management, constructed assetand facility management
levels, primarily to inform decision-making and for comparing alternatives. Life-cycle costing allows
consistent comparisons to be performed between alternatives with different cash flows and different
time framgs. The analysis takes into account relevant factors from throughout the service life; with
regard to the client’s specified brief and the project-specific service life performance requirements,

viii © ISO 2017 - All rights reserved
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Buildings and constructed assets — Service life planning —

Part 5:
Life-cycle costing

1 [Scope

Thif document provides requirements and guidelines for performing life-cycle cost({kCC) analyses of
buildings and constructed assets and their parts, whether new or existing.

NOTE1 Life-cycle costing takes into account cost or cash flows, i.e. relevant costs (arid inicome and gxternalities
if influded in the agreed scope) arising from acquisition through operation to dispasak

NOTE 2  Life-cycle costing typically includes a comparison between alternatives or an estimate of future costs
at pprtfolio, project or component level. Life-cycle costing is performed over'ah agreed period of analysis, clearly
identifying whether the analysis is for only part of or for the entire life cycle of the constructed asset|

2 |Normative references

The following documents are referred to in the text ialsuch a way that some or all of their content
conptitutes requirements of this document. For dated references, only the edition cited dpplies. For
undated references, the latest edition of the referenced document (including any amendmengs) applies.

[SO|6707-1, Building and civil engineering works<~ Vocabulary — Part 1: General terms
ISOfTR 15686-11, Building and constructed-assets — Service life planning — Part 11: Terminology
[SO|Guide 73, Risk management — Vecabulary

3 |Terms and definitions

For|the purposes of thiszdocument, the terms and definitions given in ISO Guide 73, ISO 6707-1,
ISOf TR 15686-11 and the following apply.

[SOJand IEC maintainiterminological databases for use in standardization at the following addresses:

— |ISO Online\browsing platform: available at http://www.iso.org/obp

— |IEC Electropedia: available at http://www.electropedia.org/

3.1—€eosts

3.1.1

acquisition cost

all costs included in acquiring an asset by purchase/lease or construction procurement route, excluding
costs during the occupation and use or end-of-life phases of the life cycle (3.3.4) of the constructed
asset (3.4.1)

3.1.2
capital cost
initial construction costs and costs of initial adaptation where these are treated as capital expenditure

Note 1 to entry: The capital cost may be identical to the acquisition cost (3.1.1) if initial adaptation costs are not
included.

© IS0 2017 - All rights reserved 1
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3.1.3
discounte

-5:2017(E)

d cost

resulting cost when the real cost (3.1.12) is discounted by the real discount rate (3.3.7) or when the
nominal cost (3.1.10) is discounted by the nominal discount rate (3.3.5)

3.14
disposal c

ost

costs associated with disposal (3.4.2) of the asset (3.4.1) at the end of its life cycle (3.3.4), including
taking account of any asset transfer obligations

Note 1 to entry: Asset transfer obligations could include bringing the assets up to a predefined condition.

Note 2 to en
of the build

3.1.5
end-of-lifq
net cost or

Note 1 to
demolition
materials; a

3.1.6

external ¢
costs asso
provider a

Note 1 to e
accountin a

3.1.7

life-cycle ¢

LCC
cost of an
requireme

3.1.8
life-cycle ¢
methodolo
defined in

Note 1 to en
stage(s) or

3.19

ng, components, materials and appliances can be included.

cost
fee for disposing of an asset (3.4.1) at the end of its service life or interest period

entry: End-of-life costs can include costs resulting from decommissiofiing, deconstruction
fabuilding, site decontamination/remediation, recycling, recovery, and-disposal of components
Ind transport and regulatory costs.

osts
Ciated with an asset that are not necessarily reflected in the transaction costs betw
nd consumer and that, collectively, are referred to as«externalities

try: These costs may include business staffing, productivity and user costs; these can be taken
life-cycle cost analysis but are to be explicitly identified.

ost

asset (3.4.1) or its parts throughput its life cycle (3.3.4), while fulfilling the performd
nts

fosting
by for systematic economic evaluation of life-cycle costs (3.1.7) over a period of analysis
the agreed scope

try: Life-cycle-cesting can address a period of analysis that covers the entire life cycle or (a) sele
eriods of interest thereof.

maintenance«ost

total of neg
partsina

try: Income from selling the asset is part of whole-life costing (3.1.15), where the residual value (343.8

and
and

een

into

nce

, dS

Cted

essarily incurred labour, material and other related costs incurred to retain a building o

[ its

Tate ImMwhich itcan periorim Its requ1red ranctions

Note 1 to entry: Maintenance includes conducting corrective, responsive and preventative maintenance on
constructed assets, or their parts, and includes all associated management, cleaning, servicing, repainting,
repairing and replacing of parts, where needed, to allow the constructed asset to be used for its intended
purposes.

3.1.10

nominal cost

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

© ISO 2017 - All rights reserved
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3.1.11

operation cost

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

Note 1 to entry: Operation costs could include rent, rates, insurances, energy and other environmental/regulatory
inspection costs, local taxes and charges.

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 intlation or detlation

3.113
sunk costs
costs of goods and services already incurred and/or irrevocably committed

Not¢ 1 to entry: These are ignored in an appraisal. The opportunity costs of obtaitling or continuing to tie up
capital are, however, included in whole-life cost (3.1.14) analysis and the opportunity costs of using dssets (3.4.1)
can|pe dealt with as costs in life-cycle cost (3.1.7) analysis.

3.1114

whole-life cost
WLLC
all gignificant and relevant initial and future costs and beneéfits of an asset (3.4.1), throughout its life
cycle (3.3.4), while fulfilling the performance requirements

3.1{15

whole-life costing
methodology for systematic economic consideration of all whole-life costs (3.1.14) and bengfits over a
perjod of analysis, as defined in the agreed scope

Not¢ 1 to entry: The projected costs or benefits may include external costs (including, for example, finance,
business costs, income from land sale, user(costs).

Notg 2 to entry: Whole-life costing can address a period of analysis that covers the entire life cycle or] (a) selected
stage(s) or periods of interest thereof.

Noteg 3 to entry: This definition is to be contrasted with that for life-cycle costing (3.1.8).

3.2| Analysis/medsures

3.211
lifefcycle assessment
LCA
method gf-measuring and evaluating the environmental impacts associated with a product] system or

activity,\by describing and assessing the energy and materials used and released to the erjvironment
ovekthe lifo ryr'la (? 3 A.)

3.2.2

net present value

NPV

sum of the discounted future cash flows

Note 1 to entry: Where only costs are included, this can be termed net present cost (3.2.3).

Note 2 to entry: This is the standard criterion for deciding whether an alternative can be justified on economic
principles, but other techniques are also used as described in Annex B.

© IS0 2017 - All rights reserved 3
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3.2.3

net present cost

NPC

sum of the discounted future costs

3.2.4

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

3.2.5
sensitivity analysis
test of the putcome of an analysis by altering one or more parameters from initial value(s)

3.3 Elements of calculation

3.31

discount rjate
factor or rate reflecting the time value of money (3.4.7) that is used to converticash flows occurrinfg at
different tifmes to a common time

Note 1 to enftry: This can be used to convert future values to present-day value$\(3.2.4) and vice versa.

3.3.2
escalation rate
positive or[negative factor or rate reflecting an estimate of differential increase/decrease in the gengral
price level for a particular commodity, or group of commodities, or resource

Note 1 to entry: An escalation rate is derived by trackingthe change in price over time of a single commoflity,
group or commodities or resource, which might or might not be one of the items in the typical “basket” of ggods
that is used|to derive a general inflation/deflation factor:

3.3.3
inflation/geflation
sustainedl]:lcrease/decrease in the general price level

Note 1 to enftry: Inflation/deflation cadn be measured monthly, quarterly or annually against a known index.

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

Note 1 to erftry: The lifelcycle comprises all stages from construction, operation and maintenance to end-offlife,
including dgcommissiohing, deconstruction and disposal.

Note 2 to er1try: Adapted from the definition of life cycle contained in ISO 14040.

3.3.5

nominal discount rate

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

3.3.6
period of analysis
period of time over which life-cycle costs (3.1.7) or whole-life costs (3.1.14) are analysed

Note 1 to entry: The period of analysis is determined by the client.

4 © IS0 2017 - All rights reserved
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3.3.7

rea

1 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 (3.4.1) under consideration

3.3.8
residual value
value assigned to an asset at the end of the period of analysis (3.3.6)

3.4

Other terms

3.4
ass

whole building or structure or unit of construction works, or a system or a componenter pa

3.4
dis

<end of life> transformation of the state of a building or facility that is no longer of use

Not
dec

3.4
dis
<st

3.4

1
pt

2
bosal

e 1 to entry: Transformation can include, either individually or in some(€embination, the decon
nstruction, recycling and demolition of the object of consideration.

3
bosal
htus change> transfer of ownership of, or responsibility.for, the object of consideration

4

ext
qu

on people other than themselves
EXAMPLE Non-construction costs, income'ahd wider social and business costs.

Notg¢ 1 to entry: Externalities are positive.if their effects are benefits to other people and negative
costs, if the external effects are costs.on other people. There may be external costs and benefit

pro
ben

3.4
int:

quantifiable cost and benhefit that have been allocated monetary values for calculation purpa

3.4

risk

pro

Not

ernality
tifiable cost or benefit that occurs when the a¢tions of organizations and individuals haj

uction and consumption. Addingthe externality to the private cost/benefit gives the total s
pfit.

5
ingible

6

bability'ofan event multiplied by its consequences

e 1 to.entry: Examples of an event are failure and damage.

"t thereof

missioning,

e an effect

or external
t from both
cial cost or

Ses

Note 2 to entry: Examples of consequences are cost, fatalities and exposure to personal or environmental hazard.

3.4.

7

sustainability
state of the global system, including environmental, social and economic aspects, in which the needs
of the present are met without compromising the ability of future generations to meet their own needs

Note 1 to entry: The environmental, social and economic aspects interact, are interdependent and are often

refe

rred to as the three dimensions of sustainability.

Note 2 to entry: Sustainability is the goal of sustainable development (3.4.8).

© IS0 2017 - All rights reserved
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3.4.8

sustainable development
development that meets the environmental, social and economic needs of the present without
compromising the ability of future generations to meet their own needs

Note 1 to entry: Derived from the Brundtland Report.

3.49

time value of money
measurement of the difference between future monies and the present-day value (3.2.4) of monies

3.4.10
uncertain
lack of cer
an asset

Ly
fain, deterministic values for the variable inputs used in a life-cycle cost (3.1.7) analysi

4 Pringiples of life-cycle costing

4.1 Pur

The purp
decision-
(e.g. envir
regulatory|
for key pro

4.2.1 De

LCC analys
constructe
costs and v
etc. LCC ar
changing I
procureme

Practice c3

(typically
also includ

NOTE1
required to

ose and scope of life-cycle costing

se of life-cycle costing should be to quantify the life-cycle(oost (LCC) for input inf
aking or evaluation process, and should usually also include inputs from other evaluat
nmental assessment, design assessment, safety assessment, functionality assessment
compliance assessment). The quantification should be:to the level of detail that is requ
ect stages. The scope of costs included/excluded fromr-an LCC analysis should be defined
the client at the outset.

s to include in LCC analysis

fining scope of costs included in the analysis

is covers a defined list of costs gver the physical, technical, economic or functional life
d asset, over a defined period of ahalysis. Life-cycle costing is influenced by non-construc
vider occupancy costs, as well as local, national or international policies, allowances, ta
alysis may include allowances for foreseeable changes, such as future occupancy level
boislative or regulatory parameters. LCC analysis may also form part of a strategic reviey
nt routes or objectives/(such as enhancing sustainability or improving functionality).

In vary between-users as to whether only costs borne by the customer for the anal
he construction client) are taken into account, or whether customer/societal, etc. costs
pd.

Vhere.the user and the construction client are different parties (e.g. in social housing), it ca
také.these external costs into account.

s of

0 a
ons
and
red
and

of a
[ion
[xes,
5 or
v of

/Sis
are

h be

The defini

t1ons or tne terms Intangiole (35.4.5) dnd externality (3.4.4) have been rormulate

to

describe the wider costs. The former are monetized 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 cle

arly 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.
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Whole life cost
(WLC)
. Non-construction Life cycle cost
Externalities Income
costs (LCQ)
y\\
AP
Construction Operation Maintenance é End of life
________________________________________ S
| > |
: Environmental cost :
| = |
e — ] [
Figure 2 — WLC and LCCelements
Theg LCC analysis should consider all basic elements, such as the structure, envelope, sdrvices and
finighes, fixtures and fittings, and the same costiSsues for all alternatives appraised.
Envlironmental cash flows forming part of life cycle costing may be negative (costs, for example, taxes) or
posjtive (incomes, for example, income fromTenewable energy generation). Since life cycle cdsting deals
genprally with costs as positives it is iniportant to ensure that these are shown correctly. Ptoject costs

bef

NOTI

4.2

pra

NO7
can
ton

Figlire 3 describes a-generic cost classification that may be used to help define the specific g
anili

re commencement of design forconstruction (e.g. feasibility studies) form part of WLCs,

E2 Monetization of environmental impacts and external impacts are dealt with in 6.3 and 6.3.

2 Classification of-costs

ysis, providing a-structured basis for comparative analysis that is intended to accomm
Ctices.

E1 Itds/hot necessary for every item included in the figure to be considered, and some add
be required for certain projects. The intention is that more detailed guidance and cost structure

htiohal conditions are used to develop the cost plans, which can then be mapped to this structurg.

hot LCCs.

cope of the
pdate local

tional costs
s applicable
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Whole life cost (WLC)

— Non-construction costs | Y/N Examples of Cost

————{Land and enabling works
——— Finance

|
User support costs (1) strategic property
management

————{ User support costs (2) use charges

[Site costs (land and any existing building)

[Interest or cost of money and wider economic impacts |

Includes in-house resources and real estate /property management/
general inspections, acquisition, disposal and removal

|:| [Unitary charges, parking charges, charges for associated facilities |
1

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

User support costs (3) administration

[ Taxes on non-construction items |

] Taxes |
L {Other ]

—Indome '\/\

Income from sales |:| Residual value on disposal of interest in land, constructed assets or s@g}d
materials, inc. grants etc. A
—
+————{ Third party income during operation | |:| [Rent and service charges v |
{ Taxes on income | |:| [On land transactions ~ |
- - yam

I [Disruption ] [] [Downtime, Ioss of income |

L {Other | |:|

—@ fernalities O

| | Life cycle cost (LCC) @)
— Construction | Y/N ()QQ

— Professional fees | |:| [Project design and enginéering, statutory consents |
—{ Temporary works ] [] [Site clearance etg._ \.n |

Vo
Including infrastrueture, fixtures, fitting out, commissioning, valuation and
handover A%

Construction of asset | I:l

Initial adaptation or refurbishment of asset

hand
— Taxes | |:| Taxes,on construction goods and services (e.g. VAT) |
— Other | |:| {é‘(ﬁect contingencies |

—| Operation \O

\
—]Rent . (: [

-

ON
m Including infrastructure, fixtures, fitting out, commissioning, valuation and ‘

|
——]Insurance 7~ \> |:| [Building owner and/or occupiers |
— Cyclical regulatory costs N 4 | |:| [Fire, access inspections |
——] Utilities N\ ° | |:| [Including fuel for heating, cooling, power, lighting, water and sewerage costs|
—| Taxes r\‘i“‘ | |:| | Rates, local charges, environmental taxes |
L—{Other Vo —d ] [] [Allowance for future compliance with regulatory changes |

- \J
Maintenance O .

Maintenanc ﬁqg?agement
C;\ | O

—— Adaptatiomror refurbishment of asset in use | |:| [Including infrastructure, fitting out commissioning, validation and handover|

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

R s and replacement of minor I:l Defined by value, size of area, contract terms
nents/small areas
eéplacement of major systems and I:l Including associated design and project management
omponents

&?—| Grounds maintenance ] [] [Within defined site area
% ——1Redecoration |
——{ Taxes |

— Other |

—| End of life

— Disposal inspections
——{Disposal and Demolition

Reinstatement to meet contractual
requirements

— Taxes
L——]Other

|:| [Including regular, periodic and specific decoration

é—| Cleaning | |:| [Including regular cyclical cleaning and periodic specific cleaning |
|
|
|

| Taxes on maintenance goods and services

[Final condition inspections

Including decommissioning, disposal of materials and site clean up

On condition criteria for end of lease ‘

[Taxes on goods and services

ooo0oo o0

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 combined for analysis purposes.

Cleaning may be categorized under “maintenance” (as defined in this document) 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  These costs are for enabling works and, while they can incur a cost to the client for the L

they
con
LCC
notg

The

boundary conditions (system and/or constructed asset) and any parts of the life=Cycle costi

bee

NOTI
of W
guid

The
cos

4.3

truction works, and can incur costs to different landowners. Also, they can be sunk costs,by.
analysis is commissioned. If the client for the analysis requires that enabling works costs beyincl
din reporting.

LCC analysis shall clearly include a scoping section that indicates whigh(oosts are
h excluded.

E3 LCC analysis forms an input to asset and facility management aCtivities across many se
rhich have their own guidelines. This standard is applicable to buildings and constructed ass

ance is available in ISO 55000:2014, 7.5 (asset management) and in EN' 15221 (facilities manager

end of the service life of the constructed asset might o might not be included in the
s” of the building-life cycle.

Typical analysis at different stages of the.life cycle

Typiically, LCC analysis may be used during thé‘following four key stages of the life cy

con

a)

b)

‘)
d)

Structed asset:

project investment and planning, whole-life costing/life-cycle costing strategid
preconstruction;

design and construction, life-eycle costing during construction, at scheme, functional, s
detailed component levels;

during occupation, life‘cycle costing during occupation (cost-in-use), post-construction;

disposal, life-cyclé-costing at end-of-life/status change.

Figlire 4 indicates.the typical use of LCC analysis at distinct stages during the whole-life cy]

Ccos

elements that'should be included at each stage.

CC analysis,
f the main
he time the
ded, this is

ithin the
g that have

ctors, some
bts. Further
hent).

‘end-of-life

rcle of any

analyses,

ystem and

cle and the
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{ Whole life

costing

Disposal Planning

Life-
cycle f——-———-——
costing

Maintenance

Construction

Operation

Figure 4 — Analysis K(&l'fferent stages of the life cycle

-

4.4 Analysis based on client re@&'ements and the intended use of the results

4.4.1 Scope based on client @]ulrements

The scope pf the LCC ana \and the intended use of the results shall be defined prior to undertaking
the analysis. This shoul é included in the objectives set out in the client brief.

NOTE1 The dlffer@ecmons informed by LCC analysis are described in 4.4.2.

When the| lifi e costing involves an economic comparison of different alternatives, all client
requirements
requiremes

NOTE 2  Increasingly, client’s life-cycle costing briefs require more than a static analysis of two or more fixed
alternatives.

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.

NOTE3  Decision-support techniques can include risk management, value management/engineering,
operational cost and performance modelling.

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, and providing more flexible solutions in terms of space planning/functional capacity.
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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.

4.4

Figlire 6 indidates the different levels of LCC analysis (strategic, system level and detd
can occur at different stages of the life cycle. LCC analysis may be used for new asse
rbishmients and planning the future use of existing assets. LCC analysis may be applied to
bt 0110 a specific assembly, component or system such as plant, road surface or a roofing

tha
refy
ass

<

] Business project|

>

Strategic
brief

Requirements Project
statement brief

Detailed briefs e.g.

- Fit out brief
- Operations brief
- Maintenance brief

Amended
requirements

statement(s)

Pre-project

Construction project

Post-project

<——=_——71 Assessments [

2 Decisions'informed by LCC analysis

>

Figure 5.7 Client requirements through the project life cycle

Apnoint design Handover
and/or
construction team
V V
C— > Planning Design Construction Operation —_> End of
\ \ ) life
&N &

iled level)
S or major
a complete
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)

b)

A

© IS0 2017 - All rights reserved

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;

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;

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

11
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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
investment on the basis of cost of ownership.

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

All level considerations Function Environment

LOst Malntenance DISposal

Paint types, ceiling tiles, floor coverings

Ddtail level

—t)

Electrical, mechanical, plumbmg plant and equipment
lifts, escalators, etc.

Cladding type, roofing type, glazing, joints, etc.

/ Steelwork, concrete, in situ or pre-cast, etc.

|
Wall, floor and ceiling finishesl

Energy, ventilation, water ¢apacity, |
communications, etc:

S_ stem level

—

|
|
| Maintainability and internal environment yd
: Styategic level -~~~ -+ —|————————77/
: Comfort and use : e
I I G 4= -
| | /
| Location and external environment | e
BT e —— +
| Safety and durability i
A o revadariy, /
Plapning Operation End of life
Construction Maintenance

S

ot

hges of life cycle

Figure 6 — Different levels of analysis at different stages of the life cycle

4.4.3 Strategic level project planning — Evaluation of strategic alternatives

This phase can include many individual activities relating to carrying out strategic-level appraisals for
the specific acquisition of a capital asset (acquire or construct), including the following:

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

b) setdesign life and the level and period of analysis covered by the LCC analysis;
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client priorities (e.g. required rate of return on capital investment and hand-back obligations);

preliminary design concepts and related life-cycle costing assumptions on specifications or service

life plans;

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

purchase (including essential commissioning and taking into account income from the
existing asset);

sale of the

cost-of-ownership considerations (may or may not include the costs for the end-of-life/disposal of

h)

Eac

£ £)
C1IC ClDDbLJ,
other non-construction costs (as applicable for investment-decision-making purposes).

h strategic alternative needs to have a separate life-cycle cost forecast. Broddyassumj

ptions may

be made at this stage for key variables and may include assumptions about future requirenents (such

as f
and
in d
not

NO'I
life

4.4

uture accommodation needs), and about variables in the cost calculation/such as cost
choice of applied discount rates). Technical assumptions may also be made about the da
alculations (such as timing of cost flows and service life of components). All assumptio
bd in the report of the analysis.

E Guidance on these issues is included in ISO 15686-1, which deScribes a process of planning
bf the asset going beyond simple comparisons between alternativedolutions.

b of energy
Fa included
ns shall be

the service

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

Fi
cyc

NOTE1 The planning and design phase offers the greatest potential to influence the post-const|

re 7 provides an indication of the scope for LCC-savings that can be made during the j
e phases.

roject life-

ruction life-

cycle cost, since the opportunity to influence the design and construction becomes increasingly litnited as the

fgn process.

isition phase proceeds beyond the commitment to invest in purchase or construction of the
0 of the operation, maintenance and replacement costs of a building can be influenced in the firsf

\

hsset. Up to
20 % of the

Potentialfor value improvement

Planning Design Construction Operation End of life

Figure 7 — Scope to influence LCC savings over time

Decisions, data feedback and continual monitoring and optimization of LCC should continue through

the

service life of the facility.

In order to achieve the benefits possible from the planning and design stages, the original life-cycle
costing assumptions shall be reviewed and progressively refined or replaced by better analysis of

© IS0 2017 - All rights reserved
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quantities, costs and predicted performance. Assumptions about the basis of calculation (such as the
period of analysis and the discount rate to be applied) shall 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 LCC analyses should be developed concurrently with the design and should be continuously related
back to the initial plan, with any conflicts highlighted and resolved as applicable. Progressively, reliance
on historic costs should be replaced by confidence in predicted costs for the project under review.

4.4.5 Service life planning — LCC plans

For new donstruction or major refurbishment, the LCC plan is developed from the construcfion
informatiopn and updated during the construction phase to establish the life cycle cost{plan for|the
operation period. For existing facilities, the plan is developed from current informatien plus sujvey
informatiopn gathered to fill in gaps in information.

The performance and costs of the completed construction should be monitored and can highljght
deviations|from the cost predictions, consequences of changes to the operating and maintendnce
regimes, irffcreases in running costs that can be as a result of client adaptations, and over-cautiouf or
optimistic predictions or time estimates.

The LCC plan should include documentation of the reliability and durability information, maintengnce
plans, the gstimated life cycle for major repairs, and the replacement of the components and building
services. The plan should also include sufficient detail to allowsmenitoring of costs and timing of wprk.
The completed construction project should be supported byymanuals setting out the information on
operational, maintenance and life-cycle repairs, and replacement/end-of-life disposal procedufres.
The timing of activities during the operation and mainténance phase activities should be forecast pnd
agreed in the form of a schedule.

NOTE1 ee ISO 15686-1 and ISO 15686-2 for guidance on estimating and predicting the service liffe of
componentg.

The level of operation and maintenance activities, as well as their times of occurrence, shall be included
in the LCC pnalysis, as these activities directly impact service life.

NOTE 2  §ee ISO 15686-3 for further details on documentation to accompany service life planning.

NOTE3 The operation and maintenance phases are usually the longest in the life cycle of construfted
assets, but fhese phases are gften neglected. The separately identifiable costs associated with operations{and
maintenande often occur repeatedly. They are likely to represent a large share of the total LCC of the construfted
asset and often detailed{analysis of major cost headings is necessary (e.g. to achieve an acceptable balgnce
between capital and the/operation and maintenance and replacement/end-of-life costs or to limit unacceptpble
risks of failyre in use)s

4.4.6 Major repairs, replacements and adaptations

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

NOTE Major repairs and 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 shall 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 shall 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

for recycling and/or re-use and/or recovery for energy and/or disposal as waste.

NOTE 2

potential use. Income can be considered, if required, in the WLC analysis.

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

Disposal can result in an income rather than a cost if the constructed asset or its parts have further

4.5

4.5

Life
for

leve
acti
pro
gen
cor

Data for analysis at different stages of the project life cycle

1 General

-cycle costing can be carried out at a coarse level using industry-average-or benchm
that type of construction (these are sometimes termed “parametric estimates”) or at]
1 on the basis of specific estimates or predictions of component performance and m
vities. Calculations of LCC can be made at various levels dependifigon which phase of
Cess is involved. The degree of detail and information available should play a decisiv
eral principle that determines the level of detail at which caleulations of LCC are made sh
‘esponding level of detail employed to calculate the acquisition costs.

hrk figures
a detailed
hintenance
the project
b role. The
puld be the

NOTE Generally, earlier analysis within the projectlife cycle.is at benchmark level and later analysis is more
detdiled.
4.52 Benchmark LCC analysis

Ty

totgl area of the asset (e.g. cost per square metres) or on the number of persons accommod;

as

NOTE 1
an iptegrated LCC structure, whichimproves the accuracy of the estimating.

Ca
levd
cos

Thd
che

NOT

usedl to develop benchmark costs for specific design options, localities or purposes. Examples inclu

(inc
(inc

ically, an initial (budget) cost analysis should be based on the functional unit (e.g. cost |

ool, prison or office).

With more time, the LCC cost model can be calculated in the form of an elemental-level an

ion is needed to ensure'that previous projects used as the basis for rates (at asset oj
1) are comparable with'the proposed asset. It is necessary that the analysis also reflect
s since the previous project was undertaken and any other local factors relevant to the n

benchmark-level.estimate should be progressively refined but can be retained only as
rking againstthé detailed life-cycle costing analysis.

E2 Ahigh-level classification of costs is included in Figure 3, but there are more detailed cos|

udes ‘measurement of areas guidance), EN 15221-6 (includes measurement of space area
udes guidance on performance benchmarking), RICS Code of Measuring Practice (UK, defiq

per bed) or
ted (e.g. in

alysis using

elemental
changes in
bw project.

a basis for

t structures
e SO 9836
), EN 1521
es building

area measurementj, bd> 6544 and RILS New Kules oI Measurement Fart 5 (UK, derine cost metric

for LCC of

maintenance and published benchmarks are provided by Building Cost Information Service), International
Facility Management Association (IFMA Benchmarks exchange benchmarking portal).

4.5.3 Detailed LCC analysis

Detailed life-cycle costing analysis shall be based on the proposed design detailing and a quantum of
individual elements or components of the constructed asset. These are then summed up to produce
a LCC estimate based on first principles. As the design evolves, the impact of specific options shall 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 shall include the specific consideration of service life
planning of the proposed design of composite items. More detailed service lives for particular assets
shall be considered to evaluate and inform specification choice
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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.

4.6 Costvariables

For each cost, whether a cost benchmark or a detailed cost-analysis category, the associated time profile
of when the cost occurs (or recurs) shall 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, may 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 ot

NOTE1 1

using a computer spreadsheet or purpose-built software.

The costs §
a boiler th
nominal (fi

Values for
should be
limited. Va

a)
b)
c)

a dired

model

historical data analysis from typical applications (e.g. billsof quantities);

11 1111 A BCRR | £ £ 1-c 1 — 1 11
ICT CASITTIOWS STIdIT DE TTLUTUCU TIT UIC TOTIIT O 4 TTTE=L yLIC=d 5SS UIITPLIUILS SCIICUUIC.

'hese time and cost pairs are most readily converted into LCC estimates over the period of-anal

hould be expressed in real costs rather than the value in the future (e.g. the\current cos
by are should be used, not nominal costs) due to the uncertainty of futuré-values. Howe
iture) values may be used, provided they are clearly differentiated in reporting.

predicted, future life-cycle costs should be as accurate as possible. Particular emph
given to the most significant cost variables and where robust benchmark data sets
ues can be derived from:

t estimation from known costs and components;

5 based on expected performance, averages, etc.;

d) bestg

Computer
each value
to change.

The level ¢
difficulty d
analysis or
NOTEZ2 1
[t can be ng

NOTE 3
covers varig

4.7 Calc

e
];odels set up for sensitivity and risk anatysis should ideally be totally in parametric form|

(lauses 5 and,.Z provide guidance on the variables that should be included in LCC analysis. Clau

sses of future trends in technology, markegtand application.

7Sis,

t of
ver,

hsis
are

i.e.

should be related to a parameter which, when changed, causes all other costs derived fr

f information about cost variables can be dependent on a number of factors, such as
f obtaining the range and-detail of required input information upon which to base an
type of LCC evaluation methods and models used.

'his can result in inconsistency in the underlying scoping and assumptions.

bcessary to consider other cost variables, e.g. currency and cost conversion.

bles thatcan be included in WLC analysis.

ulating cost variables and the form of future costs analysis

0
Alternatively, logical analysis and checking of variables may be performed with each charfée.

it

the
[.CC

2]
(o))

Costs in an LCC analysis shall be clearly indicated in real or nominal, and present or discounted, terms

and should

NOTE

be used consistently. Ideally, real and discounted costs should be used.

Clause 7 and 8.4.

16
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4.8 Discounting costs to present values

Where an option has an acquisition cost and future costs or where options have differing acquisition
and future costs discounting, is the mechanism used to bring those costs to a common base date. Details
on discounting are given in 7.3 and 7.4.

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.

4.9 Approval and validation

Fun
con

NO'I
con
The

NOT
ISO

App

4.1

Rep
bas

NO'T
the
can
(see

Tw
spe

NOTI

NO1
rep

5

5.1

ders and/or clients can require that the LCC assumptions and decisions be reviewed or
firm that they provide an adequate and acceptable basis for the LCC estimate(

E1 Life-cycle costing requires assumptions about the future use and éperation of the
tructed asset and that decisions be made about the detailed life-cycle costing methodology 4
ke assumptions and decisions have a significant influence on the outcomes‘of'the life-cycle costin

E2 ISO 15686-3 gives detailed guidance on reviewing assuniptions and decisions. Inl

15686-3:2002, Table 1, gives guidance on the review and auditactivities at various stages in
roval and validation of the assumptions and methodology is covéred at the project-definition sta

0 Reporting LCC analysis

orting of the LCC analysis shall make clear the $€ope of the analysis, the information onl
bd and the level of reliance that can be placed on the information.

audited to

building or
nd outputs.
o.

particular,
the project.
be.

which it is

E1 Confidence in the results of LCC analysis depends on the existence and use of the relevant

hssumptions made, any omissions or exclusiohs and the input data used in the analysis. Erroneou
AS/NZS 4536[14]).

techniques that can be useful in indicating the range of uncertainty and risk assoc

cific LCC analyses are the Monte Carlo method and sensitivity analysis.
E2  The Monte Carlomethod and sensitivity analysis are briefly described in Clause 8.

E3 Clause 9 givesa brief indication of the requirements for reporting and the audit trail ass
rting the LCC analysis. Further relevant guidance can be found in ISO 15686-3.

Setting the scope for LCC analysis

Relevance and importance of setting parameters for the use of life-cycle co

formation,

s]zonclusions
be drawn and wrong decisions made due.to the use of incorrect data or the omission of cost-significant items

iated with

ciated with

sting

LCC analysis shall explicitly define the scope, form, level and period of analysis together with an
anticipated level of uncertainty and risks relating to the LCC analysis and reporting. The parameters
of the LCC analysis depend 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 management, maintenance and repair should provide input to the appraisal.

An LCC analysis can be undertaken to understand the implications of an investment in a constructed
asset. Often, it is used to compare and evaluate alternatives that can have different implications.

NOTE 1 For comparison of alternative investments, see Clause 6 and Annex B.

Doing nothing should be included in the analysis, especially in the case of refurbishment. All alternatives
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.
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The repercussions or consequences of selecting an alternative should also be considered, for example:

a)

result in changes in heating and cooling costs;

b)

coating at different frequencies;

c)

infrastructure assets during maintenance;

changing the thermal resistance properties of the envelope by selecting different materials can

changing from a paint to a lightweight stain can require a different application regime and re-

providing a better initial specification can result in reduced disruption to the use of transport

(e.g. disrug
maintenan

NOTE2 |
orientation,
control soly
significant

ce) and so can be overlooked.

apital and operating cost implications. For non-building assets, thé long-term performance, sa

and flexibiljty tend to be critical, as these assets often have a longer life cycle{Clauses 6 and 7 describe sonj

the critical

5.2 Sery

The design
client’s bri

Service life
of the peri
period can
component

NOTE I
Maintenanc|

Fariables that it is advisable to consider in an appraisal.

ice life, life cycle and design life

life of the constructed asset is a key performance requirement and should be defined in|
ef. The estimated service life of the asset should be at least as long as the design life.

replacement dates shall be included indife-cycle costing. The life cycle should take accq
bd during which the asset is intended to be used for its function or business purpose.
dictate the period of analysis of thé L.CC and can dictate the design life for major assets
S.

or further information on estimmated service life and design life, see ISO 15686-1 and ISO 1568
e, repair and replacement are required for certain parts to achieve the predicted/estimated life c

5.3 Peripd of analysis

The period
the asset.

NOTE1 ¥
agreement)

Vhere the\ife cycle is longer than 100 years, the period used in calculations can be 100 years
as th&ealculation is unlikely to be significantly affected beyond this point.

Other factg

ption and associated loss of retail income to tenants in a shopping centresduring buildi

the

unt
his
and

6-2.
icle.

of analysis should be based on the client’s requirements, which may be over the life cycle of

(by

rs.¢an also be taken into account, such as the following.

a)

The period of foreseeable need or occupation of the constructed asset (the entire life cycle);this is

the preferred period of analysis. If the analysis is over a shorter period, this should be explicitly
indicated in reporting.

b)

financing the investment).

18

A standard investment-analysis period applied within an organization.

A period determined by a contractual liability (e.g. for maintenance of the asset or for a mortgage

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=9cdb353f46e291e1f187a396ed462da3

ISO 15686-5:2017(E)

It can be necessary for the LCC analysis to consider costs occurring outside the period of analysis as
they can significantly impact the client’s costs of ownership.

NOTE 2  Such costs can include heavy maintenance costs due after the end of a period of analysis (and/or
associated loss of performance) and the residual value of the asset.

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.

Obsolescence should be taken into account when setting the period of analysis, as it can cause the
unptammedend-of-service tife or a change of use— A Sernsitivity amatysis camr Teveal ow precise the
caldqulation is and how it affects the calculation if the input were different.

NOTE3  More information on obsolescence is given in ISO 15686-1.
5.4| Costvariables

5.4{1 Acquisition costs

LCJ analysis may be used to demonstrate whether or not higher acquisition costs are justifi¢d by lower
in-yse costs and/or enhanced performance.

NOTE Improvements (e.g. to the site landscaping, or certification to ISO 14001) can be justified pon the basis
of iffcrease 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 gssets with
a short life cycle. Acquisition costs may include:

a) |[site costs (potentially including site impravement, enabling works and infrastructurg provision,
although these may be the subject of separate projects or may be sunk costs);

b) [temporary works/decanting costs;
c) |design/engineering costs;

d) [regulatory/planning costs;

e) |construction and earthworks;

f) |commissioning cests/fees;

g) |business use-ofin-house resources and administration.

an ¢xisting-asset or land in the ownership of the client. In this situation, the opportunity cpst may be

Sur%lj costs should not be included in an LCC analysis except where there is an opportunity c¢st in using
included inthe LCC analysis, but it should be noted.

5.4.2 Operation, maintenance and replacement costs

5.4.2.1 Operation, maintenance and replacement issues

The prime objectives of estimating the operation, maintenance and replacement costs should be
— to ensure that the service life is optimized to meet the specified design life, and

— to understand the implications of alternatives under consideration.

Operation and maintenance is 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

© IS0 2017 - All rights reserved 19


https://standardsiso.com/api/?name=9cdb353f46e291e1f187a396ed462da3

ISO 15686-5:2017(E)

(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;

c) the work required and associated costs to retain and/or restore the element to acceptable
perfor IIA1IICT Clt vdl ;Uuo otas\,o ‘\:hl uush ;tJ lif\, (_b_y ula;ut\.uau\,\. Ul 1 bllla\,blllbllt),

d) the cogts associated with loss of the amenity due to unavailability or failure;

e) the cogts associated with degraded performance;

f) the rdduced service life (of the building or element as appropriate) resulting from fany
maint¢nance regime;

g) the cogts that a particular operation and maintenance plan incur at the design stage (e.g. the cpsts
of builfling in access for cleaning or replacement regimes);

h) the maintenance and associated management costs that tend toleccur/recur on regular, shjort-
term cjycles;

i) replacgment costs that can occur on (a) relatively longer cycle(s) and can be analysed separatelly or
as partf of the capital costs;

j) energy and other consumable/utilities costs associated with mechanical and electrical plant pnd
machinery.

The issues|described above can require iterative consideration following changes or developments to

the design|or to the client’s requirements. LCC.andlysis can require reconsideration or full revision at

different st

NOTE

changes in
elements in
when bathr

j

5.4.2.2

Maintenan
be taken in
a)

prever

correc

Maintenance activities

ages of the life cycle.
ailure and associated end-of-life tan be functional, aesthetic or economic, or result from foresee
requirements or changes to.technology. Replacements can be required in practice to associ

the course of major replacements (e.g. rainwater-disposal systems when roofs are recovered or
bom sanitary equipment isrenewed).

e activities‘ean be grouped into various categories for cost/budget analysis, but all sh
to account,\The categories may include maintenance that is:

tive in-intention (including condition-based or predictive and scheduled);

five' in intention (including allowances for emergency/unforeseen events or reac

hble
hted
Liles

uld

tive

b)

corrections 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 arrange,

a)

prioritize, resource or check maintenance, such as:

cyclical inspection (including condition surveys, specific inspections, condition monitoring);

b) maintenance planning (including scheduling, resourcing, tendering);

c) design

20

and management of major replacements.

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=9cdb353f46e291e1f187a396ed462da3

ISO 15686-5:2017(E)

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 C(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
management activities. The LCC report should clearly indicate where cleaning and minor repairs have
been considered, or that they are excluded, by agreement, from the analysis.

L ol ' ' £ e
5.4 275 IIIUITTCULL COUSLS Ul INIAITITIIAIILT

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

a) |down time (loss of function for a period);

b) |disruption of business activity (e.g. disruption to retail or to transport);
c) [non-availability of a building/structure (and any associated costsfor-alternative accominodation);
d) |cost effects of aesthetic condition (e.g. loss of income resultingfrom difficulty in letting & building);

e) |maintenance strategy (e.g. timing of cycles for cy€lical maintenance of finishes or the
presence/absence of in situ professional maintenance petsonnel);

f) [external costs/savings data (e.g. to tenants of the building).

If apy other costs or savings are included for consideration as part of the appraisal process, they should
be identified in the LCC analysis.

NOTE1 Examples include taxes on particulartypes of activity, such as design fees or environmental taxes for
deppsiting waste.

NOTE 2  Itcan be necessary to includ€ ¢ertain externalities and business disruption costs, i.e. costp associated
witlh the process but not reflected in theinteraction between the provider and the client.

5.4]3 Costs at disposal

LC(Q analysis should include assumptions about performance requirements that can affeft disposal
costs. It can be necessary to give specific consideration to environmental requirements,{which can
invglve the use of igniinal costs.

NOTE1 Forexample, disposal costs can be affected by works required to decommission or make good a site
follgwing demglition or disuse under the “polluter pays” principle. Assumptions can be made about fluture costs,
depgndent.on the use and the level of pollution/contamination likely to remain following demolition.

wnfield site

y S at an early
stage. There can be associated specific and identifiable costs (i.e. landfill tax) that indicate the advisability of
investigating alternative scenarios.

5.4.4 End-of-life residual valuations

Residual value should be evaluated by determining what similar, comparably-aged assets in similar
locations 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-
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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.

5.4.5 Discountrate
The type of discount rate, either real or nominal, shall be clearly distinguished.

NOTE1 The real discount rate applied to costs (and benefits) that are also measured in real terms assumes
that inflation/deflation applies equally to all.

anticipate that the standard rate of inflation does not apply in the case of a specific scenario. Typichlly,

Occasionally, escalation rates may be used as a form of sensitivity analysis where there are grounc}? to
by

real rates $hould be used; these exclude the impact of future inflation. Nominal rates may bg-use
agreement] if that is what is required by the client or justified by the situation.

The discount rate in the private sector should represent the opportunity cost of investing the capijtal,
which can pe:

a) theinterest cost of a loan for the investment;

b) the interest lost on reduction of cash on deposit;

c) theretlurns lost on investment elsewhere (e.g. in bonds or equities);
d) the acfual return achieved on capital investment in the business;

e) therequired rate of return of an investor in a new business.

Within thd public sector, a discount rate can be determined by the central government (sometimes
termed th¢ social discount rate) as a test requirementcfor their investments, based on an assessnjent
of the long{term opportunity cost to the public sectorof selecting one investment rather than another.

NOTE 2  Historically, the real discount rate has reflected the general productivity rate of the producer, sector
or field. GerJerally, productivity has been within'0:% and 2 % over the long term. However, rates as low as these
are not universal. Discount rates of between 0 %-and 4 % are typically used. A higher rate discourages long-term
investmentg, while a lower rate encouragesithém.

NOTE 3  Vhere the discount rate iS not a requirement fixed by the client (public or private), it is nojmal
to undertalte sensitivity analysis-using a range of rates to test the validity of the conclusions if the ifput
conditions ¢hange.

5.4.6 Inflation

If real cosfs are used,in the LCC analysis, assumptions about the general rate of inflation should[not
be requirefd. However, if nominal costs are used in the LCC analysis, assumptions can be made aljout
discount ratesqand underlying inflation rates), but they should be explicit and the sensitivity should be
checked.

5.4.7 Taxes and subsidies

Taxes and subsidies can affect the relative price and the decision-making process. LCC analysis should
be adjusted for any incidence of tax arising from the different alternatives being considered. The
existence of tax subsidies associated with the investment should be included.
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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, and costs associated
with transport for works in remote locations.

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
fordseeable that the relative costs can change between alternative energy sources. Where an [nvestment
appfraisal is assessing energy-efficient technology, energy savings should be treated as_ afutfire income
strgam (or negative cost) for comparison purposes.

NOTE1 Energy-price escalation is a major LCC factor. Refer to 8.3 for treatment of stuch uncgrtainty and
pricing risk.

NOTE 2  While energy costs are the utility cost that has historically been most subject to prige increases
disgroportionate to inflation, other utilities (especially water) can be subject tg similar pressures ovdr the period
of apalysis.

6 |WLC variables used in some investment appraisals

6.1l General

When undertaking investment appraisals, many variables in addition to LCC variables canj impact on
the [value-for-money assessment and should be taken into account.

For|certain forms of construction procuremert; these additional variables form an integral(part of the
invg¢stment evaluation and appraisal process’and can be referred to as whole-life cost (WLC]) variables.

Typiically, the difference between WLC-and LCC analysis is that the variables for WLC can include a
wider range of externalities or non-eohstruction costs, such as finance costs, business costs gnd income
strgams.

A ntimber of different analysistechniques to measure and compare the return on investment may also
be ysed in WLC.

NOTE1  Such issues-are additional to the defined variables of life-cycle costs and are not mandgtory. These
can |be relevant to some‘life-cycle costing appraisals as well, where the client demands them (e.g. varfables of the

acquiisition costsand“disposal income).

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

6.2| ~Externalities

Life-cycle costing can help to ensure an optimized approach to asset selection, maintenance and use.
However, judgements made on the basis of investment returns can be based purely on market efficiency
and can fail to recognize the wider implications economic decisions have on society. Market prices for
construction might not value the social, environmental or business costs or benefits of production and
consumption.
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WLC analyses that consider the occurrence of externalities can highlight possible future risks and
rewards that are not otherwise identified. Externalities that are considered should be clearly identified
in the analysis.

NOTE A common approach by government in dealing with externalities is the imposition of regulatory taxes
on negative externalities and subsidies for the external benefits. These are tangible costs that can be readily
taken 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 alternatives can have real costs and revenues because of such

government action.

6.3 Cos

s related to environmental impacts

Environmsgq
the potenti
the asset, S

EXAMPLES
some target

q

J

NOTE 1
gas emissio

Where the

ntal legislation can introduce costs (or savings via rebates) to life-cycle costing dependin
al environmental impacts that might be attributed to the different environmental@spect
uch as location, design, construction, use and end-of-life treatment, including disposal.

Cost premiums for the use of non-renewable resources or for greenhouse gas emissions excee
level.

ee [SO 21930 for definition of non-renewable resources and ISO 14064-1 fdr definition of greenh
ns.

b on
5-of

ling

use

se costs are external to the constructed asset, they may,/form part of the externalities

included infa WLC analysis.

NOTE2  An example is the pollution impact outside the constructionsite (e.g. to rivers), which is not prjiced
within the fonstruction cost. It is important not to monetize envitenmental aspects that have no econgmic
consequencg purely to take them into account (see also 6.5).

6.4 Socipl costs and benefits

Certain cogts 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 clienf. In

this case, t

NOTE1
additional {
hospital.

The monet

he limits on what is included in the\:€C analysis should be defined.

Vithin WLC analysis, an example of a social benefit is the educational impact of providing
chool in the community. An-8xample of social cost is centralizing services to a new, more dis|

zation of non-economic costs/benefits should be avoided and externalities should be cle

identified i

NOTE 2
of an allow
can be posi

any analysis.

P an
tant

hrly

social cost that\is rarely included in LCC calculations (unless imposed by a public client in the form

nce) is usericosts (or benefits) associated with the provision of transport infrastructure. Allowa
ive (e.g. costs associated with delay) or negative (e.g. where speedier journeys due to the provisic
provetefficiency).

hces
n of

development

The objective of service life planning should generally be to allow decision makers to include technical,
environmental, economic and social aspects, all within a long-term context, in their decision making.
LCC analysis is a technique that should form part of an overall aim to balance the objectives of
sustainable construction.

However, the balancing should be explicit and not included as a conceptual part of any of the elements.
Consequently, LCC and WLC analysis should include only actual costs related to the constructed asset
or those influencing its economy.
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CO3 “costs” should be included only if there is an actual payment (e.g. through taxes). Otherwise, such
items can be doubly counted when integrating cost assessments with other quantifications of aspects
of sustainability.

A life-cycle assessment (LCA) can be used to measure the impact of environmental externalities and,
therefore, be used to aid WLC decisions that include a measure of the external cost of investment.

NOTE1 Consideration of the environmental impact of potential investments can allow for the delivery of
decisions based on sustainability issues. Further guidance on LCA is found in ISO 14040 and ISO 14044.

NOTE 2  ISO 21931-1 provides a framework for methods of assessment of environmental performance of
builuiusa.

The integration of service life planning into the procurement and management of construfted assets
may involve assessment of the cost implications of adopting sustainable building polidies and/or
strdtegies. The assessment can measure the savings in environmental impacts per jinit of cost.

LC({ may also be used when assessing the cost of compliance with sustainable(eonstruction legislation.

NOTE 3  Sustainable construction legislation can encompass carbon trading,er avoidance of landfill.

6.6 Intangibles — Impact on business reputation, functional efficiency, etc.
Where an economic assessment of an intangible has been madej it may be included in a WLC|analysis.

Intgngibles arise as a result of improvements in a constriicted asset that can be difficult §o quantify.
These improvements can affect the user’s comfort, amenity and efficiency, which can lead t¢ increased
satisfaction and efficiency, with associated financial.implications (e.g. improvement in morfle leading
to reductions in absence through stress).

Intgngibles can be difficult to measure in ecoiomic terms. Where a value has been attrilputed, such
intgngibles should be clearly identified as menetized intangibles.

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

a) |advertising for the business; landmark buildings or transport hubs can provide prestigious stafus symbols
and even be used to trigger urban regeneration;

b) [functionally efficient buildings can increase user satisfaction or reduce costs elsewhere in the byisiness;

c) |pleasantworking conditions or better transport links can increase the productivity of the workfgrce, leading
to direct improvenients in the business case for investment.

6.7| Future inCome streams

Futpire ineonié streams may be included in a WLC analysis but should not, generally, be prgsent in an
LCd analysis.

Futureincome streams can form a cnhcidinry pqrt‘ ofanlCC qnq]ycic inthe form of hngah'wn costs (eg

to represent income from sales of refreshments or tolls from bridges or roads).

NOTE Future income streams are normally associated with the private sector (e.g. predicted income from a
shopping centre through rental income). However, they can also be associated with public sector facilities in the
form of annual payments for providing a public facility, such as a school.

6.8 Financing costs

The cost of financing the investment may be considered in WLC. These costs may be reflected in the
discount rate, but frequently a non-discounted cash flow analysis is subject to a separate financial
appraisal that includes both timing and cost of financing maximum borrowing at different dates.
This can also require a “smoothing” of expenditure profiles, which can involve sub-optimal decisions
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in terms of LCC. This can make the investment case stronger, purely as a result of different financial
implications for expenditures at different dates.

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

7 Decision variables — Basis of calculating costs

7.1 Real costs

Real costs ghould, generally, be used in LCC analysis to ensure accuracy regardless of the point ifi 4
at which tHe costs are incurred.

NOTE 1

sing real costs allows the use of current known information.

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

NOTE 2
the cost en

7.2 Non

Real costs
are needed
projected

by multipl)

Formula (1)):

CIi,d:(
where
a is
n is

7.3 Disd

Discounteq
by a factor
nominal cd
includes ar

recent or near base date is usually chosen because people are familiar with‘the current costs
ironment in which they live, work or think.

jinal costs

to ensure that funding is available when required. Nominal costs should be derived f
economic, technological and efficiency factors. The>nominal cost should be calculd
ing the real cost by the inflation/deflation factog;,qi,q, which should be determined u

1+a)"

the expected percentage increase in prices per annum;

fhe number of years between the base date and the occurrence of the cost.

ounted costs

derived from the discount rate. Different discount rates may apply depending on whef
sts or realcosts are being discounted. If nominal costs are used, the nominal discount
| inflation/deflation factor. If real costs are used, the real discount rate does not includg

inflation/deflatien factor.

ime

and

might not be appropriate for preparing financial budgets where actual monetary sgims

fom
ted
bing

M

costs should<bgcalculated by taking costs that occur in future years and reducing them

her
rate
b an

chaunldba calolarnd £ o diconaint ot oot A malaL2)

A discountlae

dq =

where

d

n

tor o et rata o o ) 1o
Iacivl, bla, STIIUUIV UCU CdItUIdiCUu 1T UIIT LIIv UliovuouIlit 1die, u, udllls I UL IITUAICK ll‘ |-

1

(1+d)"

is the expected real discount rate per annum;

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

(2)

Areal cost should be converted to a discounted cost using the factor gj q as calculated in Formula (2).
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A nominal cost should be converted to a discounted cost using the factor g4 nc calculated in Formula (3):

qd,nc = ! (3)
(1+d)" (1+a)n

where

d isthe expected real discount rate per annum;

a isthe 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

7.4{1 General

The present value should be calculated by discounting future cash flows to the base date angl should be
usef for comparing alternatives over the same period of analysis. Present value calculationf should be
usef to calculate the present monetary sum that should be allocated forfuture expenditure ¢n an asset.

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

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 plternative
lesq the sum of the discounted costs.

A stiream of future costs and benefits should be converted to a net present value XnNpy using Fbrmula (4):

4 Cn
Xnpy = ), (Cnxq)=) —— 4)

n=1 (1 + d)n

whére

C isthe costin yearn;

q isthe discountfactor;

d isthe expected real discount rate per annum;

n isthenumber of years between the base date and the occurrence of the cost;

p~_Nis the period of analysis.

NOTE1 The discount rate allows for any future inflation/deflation if the nominal costs instead of the real
costs are used.

Where costs 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
over the period of analysis.

NOTE 2  NPVisthe normal measure used in an LCC analysis, although others are available (see Annex B).

NOTE 3 By convention, in this document, costs are treated as positives and incomes as offsetting costs.
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8 Uncertainty and risks

8.1 General

As LCC analysis 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 1
and “uncert

ainty” is used when they cannot.

The distinction between uncertainty and risk is that “risk” is used when probabilities can be estimated

NOTE2 |
a framewor
assessment

8.2 Iden

821 Th
the quality

of calculation. Where any study on risk or uncertainty has taken place, clearly’delineate the scope

definition

NOTE
issues such

'

8.2.2 In
used LCC s

confus
variety
transp
lack of]
introd
interfg
lack of]

shortal

8.2.3 Mijs

ge of expertlife-cycle-costing practitioners and professional education programmes.

lore detailed guidance on risk management can be found in ISO 31000, which provides princi
k and a process for managing risk. ISO Guide 73 provides vocabulary and IEC 31010 focuses‘on
concepts, processes and techniques.

tification of the causes of uncertainty and risks

e level of uncertainty and risk associated with LCC analysis can depend on such issue
of the data available and the robustness of the scoping, pricing asswmptions and meth

f this study.

'he lack of common methodologies for life-cycle costing in the-construction industry has resulte
hs scope and definition rarely being clearly recorded.

brder to address cost uncertainty and reduce risksgthe key issues and barriers to the wi

ion over costs to be included/excluded (e.g:s€ope of LCC and/or elements of WLC);
 of LCC measures and models (e.g. NPV;.PDV, IRR, net savings);

arency and robustness of the undetlying assumptions and methods of calculation;
information about detailed design at the beginning of the project;

iction of a new technology/products and prediction of the cycle of obsolescence;
ce issues between gapital costs and running costs through to end-of-life/disposal;

contractual ineentives to do life-cycle costing on build-and-construct-only contracts;

takefjjudgements that can increase the uncertainty of the LCC analysis include:

the us

bles,
risk

5 as
ods
and

din

Hely

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

b ofoptimistic estimates (in order to justify the project):

the use of unattainable service lives;

— impractical maintenance programmes and replacement scheduling.

8.2.4

undertaking the LCC analysis but which can be considered within the scope of the analysis include:

future

changi
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a commitment to achieving maintenance levels (e.g. inability to manage maintenance);

users’ requirements (e.g. flexible space utilization and functional suitability);

ng user behaviour (e.g. intensity of use, vandalism).
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8.2.5 Other issues that can also cause uncertainty in the results of LCC analysis over long periods
include:

predicted inflation rates;
overhead/profit and on-cost allowances;
labour and material costs;

changesinlegislation (particularly with regard to health and safety and energy performance/carbon
emission targets);

the impact of climatic changes.

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

8.3| Monte Carlo analysis and confidence modelling

Wh
the
allo|

bre a range of possible costs is calculated, it can be beneficial to model'the uncertainty
cost or time variables using statistical techniques, such as the Monte Carlo analysis. 1
w the identification of a distribution of possible costs and a range.pf)/more and less proba

httached to
his should
ble figures

for pse in calculations.

kion of costs
b the Monte

NOTE To improve the confidence in the LCC analysis, for example; a client can require the estima
with 10 %, 50 % and 90 % confidence levels. Software is available to model uncertain values usin
Carlo analysis and similar statistical techniques.

8.4 Sensitivity analysis and modelling the effects of changing key assumptions

Sen
unc
be |
can
dec

Kitivity analyses can be undertaken to examine how variations across a (plausiblg) range of
ertainties can affect the relative merits of the alternative being considered. These rarjges should
brobable, within the limits of what issanticipated and fit within the client’s brief. Thege analyses
help to identify which input data have the most impact on the LCC result and how robuist the final
sion is.

Examples of key assumptions that can have the biggest effects on the uncertainties include:
a)
b)
c)

discount rates;
the period of analysis;

incomplete opunreliable service life or maintenance, repair and replacement cycles of cost data

based on asSumptions.

Sen
coll
toc

sitivity dndlysis can be an important guide to assessing what additional information it is yorthwhile
bcting.and what are the most significant assumptions that it is necessary to make. It can aflso be used
pnsider how flexible or variable requirements can be during the period of analysis or thel|life cycle.

EXAMPLET  Atypical example of sensitivity analysisis to check the impact of future changes in operating costs,
such as energy costs. Previously, certain building services installations have been rendered obsolete because
the energy costs associated with them have risen disproportionately relative to the general price inflation. The
effect of this has been to shorten the service lives for the plant installed and to increase the operational costs of
the asset. More information on obsolescence is given in ISO 15686-1.

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

EXAMPLE 2 A facility in a remote location that requires periodic maintenance can have different escalation
rates applied to material costs, transportation costs and labour costs. These can be determined by local or
regional economic factors.

[terating the sensitivity-analysis calculation with a range of values for the variable data can indicate
the vulnerability of the LCC to variable data.
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If the sensitivity analysis indicates that alternative variables have little effect on recommendations,
the decision should be unaffected. If, however, the recommended case is varied by different discount
rates/service lives or costs, etc. being applied, it may indicate that further analysis is required or that
the decision is based upon factors other than LCC.

NOTE Examples of sensitivity analysis are included in Annex C.

9 Reporting

9.1 LCC nalycic — Presenting the results and supporting information
(=] O

The result of an LCC analysis shall be documented in a report so that users can clearly understand
both the oytcomes and the implications, including clearly defining the purpose, scope, key assumptipns,
limitationg, constraints, uncertainties, risks and effects of any sensitivity analysis.

The format and extent of analysis should be agreed in advance, including:

— the detision and cost variables being analysed (including a statement of the agreed scope and [any
exclusjons);

— whethgr sensitivity analysis should be undertaken and if so to what conifidence levels;
— the data and analysis structure;

— the mdthod of accounting for the time value of money;

— the period of analysis;

— any other specific client requirement, as applicable.

NOTE Jome national standards and internationally-agreed guidance describing data and analysis structpires
are listed infthe Bibliography.

The reportshall include:

a) anexefutive summary;

b) the pufpose and objectives;

c) the scape (including whatcests have been considered/excluded);

d) the reference sources-ef-information that informed the life-cycle costing;
e) any aspumptionsmade, any constraints and risks identified;

f) the mdthodology used;

g) the altprnatives considered in the analysis;

h) a thorough discussion of the interpretation of the results, including risk assumptions and
exclusions;

i) a replacement and maintenance plan or profile, if included in the client’s requirements and
supported by the level of analysis;

j) apresentation of the conclusions related to the objectives of the study and recommendations for
any further work.

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

Depending on the level of analysis undertaken, costs should be broken down into separate headings for
consideration.

NOTE1 See Figure 3 for an example of a high-level cost-data-reporting structure.

Capital/acquisition costs should be considered separately from costs that occur during the subsequent
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

purfoses.
Typically, analysis at the early stages of the project may be at a coarse level (e.g. estimate

squi
be |
strg

NOTI

9.3

For
rec

The
and
as |
stag

are metre or per head of occupation). A more detailed breakdown of different heads of
brovided at a later stage. Equally, as design evolves, it can be necessary to ¢heck alterr]
tegic level or at a detailed level.

E2  Anexample of the levels of cost analysis and estimating techniques are‘iricluded in Annex

Approvals and audit trail

LCC analysis, records should be retained in accordance with the guidance in ISO 156§
rds should include:

cost calculations;

evidence of service life;

sources of cost data and any validation undertaken;
discussions on the scope of analysis;

retained copies of software packages/LCC models.

re can be potential liabilities~associated with providing assessments of life-cy¢

or service life planning. Record-keeping (whether paper or electronic) should include
rofessional indemnity inSurance retention, handover of relevant portions to other part
res, and insurance cover:

l costs per
tost should
atives at a

6-3. These

le costing
ssues such
ies at later
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Annex A
(informative)

Worked examples — Analysis techniques used in life-cycle costing

A.1 Pres
50 years

Table A.1 gives some of the discount rates that are used to provide a present value for a cost occurfing
in a particyilar number of years’ time, at a variety of discount rates.
Table A.1 — Present value of a single monetary unit with discount ratesof1 % 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 0,92 091 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 0,76
5 0,95 091 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
9 091 0,84 0,77 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
21 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 0,71 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 0,10 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 0,18 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 0,25 016 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 deférred costs

Figlire A.1 is an example showing the present value of one unit of monetary value occurringfat the year
shojvn, at a discount rate of 1 %,.3 % or 5 %.
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