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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (1ISO
member bodies). The work of preparing International Standards is normally carried out through 1SO 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
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— Part 1:
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h (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’3.
htional Standards adopted by the technical committees are circulated to the metnber bodies f
drawn to the possibility that some of the elements of this part of ISO 15663)may be the subject
Ghall not be held responsible for identifying any or all such patent rights.

| Standard 1SO 15663-2 was prepared by Technical Committee’ \ISO/TC 67, Materials, equip
Lictures for petroleum and natural gas industries.

consists of the following parts, under the general title Petroleum and natural gas industries —
Methodology

Suidance on application of methodology and calctlation methods

mplementation guidelines

technical

Dr voting.

as an International Standard requires approval by at least 75 % of the member.bodies casting & vote.

of patent
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Introduction

This part of ISO 15663 was developed in order to encourage the adoption of a common and consistent approach to
life-cycle costing within the petroleum and natural gas industries. This will occur faster and more effectively if a com-
mon approach is agreed internationally.

This par
ISO 1564

It providgs practical guidance towards the individual steps of the life-cycle costing process and-aims to

— show

time-fonsuming process;

— indicgte how to structure the work within the process and define focus areas;

— trans
be ad

It also p
life-cycle

Life-cyclg
viability g
establish

This part

Application guide — Section 3: Life cycle costing.

of TSO 15663 Tas been prepared (0 provide guidance on the apptication of the metodot
3-1 [1] and on the calculations related to it.

how the potentials for added value can be achieved without life-cycle costing turfing into 3

er the experience of industry in applying the methodology, so that a common and consistent aj
hieved.

omotes an understanding of the related methodologies and techniques and their applicatio
costing framework.

costing is distinct from investment appraisal in that it\is not concerned with determining t
f a development. It is concerned only with determining the differences between competing
ng the options which best meet the owner’s business. objectives.

of ISO 15663 is based on the principles defingd in IEC 60300-3-3, Dependability manageme

gy given in

costly and

proach can

N within the

he financial
bptions and

ht — Part 3:

© 1SO 2001 - All rights reserved


https://standardsiso.com/api/?name=71b5ab1636fa3edd9a8e6c1e0205c54b



https://standardsiso.com/api/?name=71b5ab1636fa3edd9a8e6c1e0205c54b

INTERN

ATIONAL STANDARD ISO 15663-

2:2001(E)

Petrol

eum and natural gas industries — Life-cycle costing —

Part 2:
Guidance on application of methodology and calculation methods

1 Scojf
This part
and oper

dustries.

This part

This part

rather with life-cycle costing in order to estimate the cost differences between competing project options

2 Tern
For the p|
2.1 Tern
2.1.1

initial inv
investme

NOTE A

2.1.2
present v

value of the project cash flow excluding the initial investment outlay

2.1.3
life-cycle
process

DE

of ISO 15663 provides guidance on application of the methodology for life-cycle costing for the d
ption of facilities for drilling, production and pipeline transportation within the petreleum and na

of 1SO 15663 is not concerned with determining the life-cycle eost’of individual items of eq

ns, definitions and abbreviated terms
urposes of this part of ISO 15663, the following terms, definitions and abbreviated terms apply.

ns and definitions

bstment
ht outlay for a project

50 known as CAPEX.

alue

costing
pf evaluating the difference between the life-cycle costs of two or more alternative options

2.2 Abb]

evelopment
tural gas in-

of ISO 15663 also provides guidance on the application and calculations™of the life-cycle costing process
defined in 1ISO 15663-1.1]

ipment, but

Féviated terms

CAPEX
FMECA
FV
H,S&E
IRR

NPV

capital expenditure

failure mode effect and criticality analysis
future value

health, safety and environment

internal rate of return

net present value
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OPEX
OREDA®
PI

PV
RAM

RCM

operating expenditure

offshore reliability database

profitability index

present value

reliability, availability and maintainability

reliability-centred maintenance

TTE

WACC
3 The pr

3.1 Theq

This subcla
be recogniz
other suppg

Each of the
performanc

fools and test equipment

weighted average capital cost
pcess of life-cycle costing

roject focus

Lise provides a guideline for the different steps of the methodology described in ISO 15663-114.
ed that the contribution of life-cycle costing to a project is no mare or less important than that
rt functions such as design, reliability or engineering.

se functions provides its own unique perspective on thé.problem and each examines some a
b. Life-cycle costing adds a long-term financial perspegtive and provides the means to

— predict financial performance through life on a quantitative\basis,

— assess

— compar

Life-cycle ¢

3.2 Step

3.2.1 Iden

The obijecti
particularly

the financial implications of the contributions.made by other functions,

b alternative options on a common financial-basis.

psting cannot act in isolation and should interact with the other functions as part of the team ap

L — Diagnosis and scope definition

ify objectives

ves should be{established through discussion with stakeholders and other members of t
the manageraesponsible for the overall work.

Two important aspects’need to be established.

It should
made by

spects of

proach.

ne team,

a) What avIe wenooking at?

This provides the focus for the work and should establish what functions, systems or equipment are being examined.

b) Why are we looking at it?

This establishes the reason for the work.

These questions can be used to allow the user to relate the life-cycle costing work to the objectives.

Simple examples might be as follows.

EXAMPLE 1 What — a pumping system is being examined. Why — because the hydrocarbons need to be moved from one
location to another.
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The objective that life-cycle costing should address is the function of transferring the flow, and a pumping system may
only be one of several options.

EXAMPLE 2 What — maintenance costs across the platform. Why — because maintenance is considered excessive or unless
maintenance costs are reduced, production may be terminated early.

If a decision has already been taken to focus on maintenance and exclude other elements of OPEXs, this should be
qguestioned. The objective of life-cycle costing is confirm the significant platform cost drivers and then assist in

quantifying the opportunities for reducing costs.

EXAMPLE 3 What — gas compression. Why — there are gas reserves to exploit.

This is s
This woy
evaluatio|

EXAMPLE
that inclug

The obje

on how the bid team can use life-cycle costing to advantage.

In subsequent iterations of the process, this task may be limited to reconfirmation. However, it may be fo
costing work changes the overall objective. Taking, as an exampl€, maintenance cost optimizaton, the first

life-cycle
iteration

322 Id

The reley

— proje

These wi
the contr
a couple
mean a ¢
Generally

Id lead into identification of the options available. The objective of life-cycle costing ds:to
h of alternative methods for compression.

4 What — a 20 MW power generation package. Why — a response should be made tg-a‘formal invita
es life-cycle costing requirements.

Ctive is not to provide a response to a tender, but to produce a winning bid,-the discussion shoul

may show that downtime (lost production) is the cost driver, not'maintenance costs.

entification of constraints

ant constraints will arise from three principal sources as follows:

Ct constraints  on what can be achieved withinthe life-cycle costing work;
| arise from resource and time scale limitations of the work. A typical example would be the ne€]
hcted specification during construction@nd hook-up. This might require a response in a few day
of weeks. The life-cycle costing approach should be tailored to this time scale (“quick and dirty|
o/no go response, i.e. either the change has little impact on life-cycle costs or it has a signifi
, where there is a constraintseieither the time or resources available to undertake the work,

fficient, the objective has been identified and a technical need already established for gas ccl)mpression.

support the

ion to tender

0 now focus

und that the

d to change
5, or at least
). This may
ant impact.
the level of

detail should be reduced and not the.number of options considered.

— technjical constraints  whichlimit the options available;

EXAMPLE
constraint

— budg

A change to an existing facility that requires additional equipment means there may be topside weig
5 on the options, Or'dn operator may be constrained to certain technical options;

ht and space

btary constraints

There may existilimitations on CAPEX or alternatively, the outcome may be subject to hurdle rates, e.
must achjieveian IRR of 10 % before it merits further consideration.

J. an option

Constraints can be imposed by third parties or other external influences. Examples of such constraints are
environment discharge or health and safety issues.

3.2.3 Establishment of decision criteria

3.2.3.1 General

For life-cycle costing within the oil and gas industry, the decision criteria selected should always reflect the corporate
requirements of the end user, generally the operator. At a lower level, additional considerations may be associated
with the contractor's or vendor's corporate objectives. In an alliance partnership, the criteria will need to be agreed by
all partners.
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In defining the decision criteria, reference should always be made to the originator or customer, both to establish the
criteria and to ensure there is sufficient understanding as to how to apply them. The user's understanding is not
simply limited to technical comprehension, but should also include an agreement as to how criteria should be used
to select options.

3.2.3.2 Measure economic evaluation method

The measure that is selected should enable alignment of technical decisions with corporate objectives. It should
therefore be a structured approach for defining the economic impact of technical decisions.

The most ¢
— NPV,
— life-cycl
IRR;
PI;

the pay
break-e

cost pe

cmmaen-maackrac-ara dacerihad 1n clanica 4 Thaocao ara-
pHHH O e asSure oare-ae St oT - cauasSt—4a—rreSt—ares

P COSt;

pack method;
en;

standard barrel of oil.

The selection of measure depends on the item under consideration and.@nwhich phase or iteration the pr

entered. Fo
or the devel
evaluation 1

For the furt}
these iterat
life-cycle co
on the reve
a consisten

For these |
OPEX. The

opment concept. The revenue stream in total can be dedicated to this object. All the traditional ¢
nethods can therefore be applied.

er iterations, the concept is broken down into the individual systems and further into equipment
ons no particular part of the revenue can be rélated to the object under consideration. The m
st can then be applied. Through minimizing the total life-cycle cost of an asset or a function, whe
hue stream of failures occurring are taken«nto consideration as a cost, asset value can be max
manner.

hter iterations NPV and IRR can be applied when evaluating additional CAPEX resulting in
difference between the options\ef making the investment or not can then be considered as an in

oject has

[ the first iterations of the life-cycle costing process, the objectinvestigated is the field developnpent itself

pconomic

units. For
pasure of
re impact
imized in

reduced
vestment

appraisal eyaluation.

An examplqg of application of different:measures or criteria is shown in Figure 1.

In the procgss of life-cycle cesting, often only the difference between various options for filling a function can be
evaluated. The possible measures that can be applied are then reduced to NPV or life-cycle cost, since the others
listed are calculated fromthe total cost and revenue stream associated with the decision.

3.2.3.3 Aspumptions

The assumptichs-that-are-set-forcalculations-are-vital for the evaluation-of alternatives-in-order-to-determine which

gives the highest added value. The most important assumptions are listed in Table 1. The areas to be aware of for
calculations are addressed under 3.4.1.
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O

R
&

e

9

— Investiment year,

— Life of field

— Start ¢f opefation

How costs during operation are
weighed against the initial investment

/ S SN . v lteration 5
2 ]\/l .
% Iteration 4
‘ % <9 Iteration 3
% <9 Iteration 2
Iteration 1
Iteration 1 Iteration 2 Iteration 3 Iteration 4 Itenation 5
Activity Field Concept Outline design Detail design Progurement
commerciality selection/ Process flow
optimization
System optimizatien
Result: Go/No go Concept Functions Design Equipment
alternative
selection
Main equipment | Material selection
list
Criteria NPV/IRR/PI, etc. | NPV/IRR/P};etc. | Life-cycle cost Life-cycle cost Life-¢ycle cost
The traditional economic:evaluation Life-cycle cost
The' process of life cycle costing
Figure 1 — Asset boundaries and evaluation of functional requirements
Table 1 — Assumptions
— Timin

— Discount rate

— Pre-tax / After-tax-calculations

— Cost of power

— Output requirement over time

The impact of improving efficiency

— Criticality

— Production profile

The potential cost of failures

Which is the best system
solution/equipment alternative?
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Identify potential options

Options and sub-options for the function under review should be considered by a multidisciplinary team.

The use of a facilitator who can structure the meeting and log all options generated by the team can significantly
improve the quality of the exercise. A well-proven technique to generate options and identify cost drivers is a
functional/cost analysis of the investment. This technique is part of value engineering or functional value analysis
workshops. Reference is made to clause 4. In function/cost analysis, a multidisciplinary team establishes the main
functions of the investment and then establishes the sub-functions for the main functions. The equipment options for
each sub-function are then identified and evaluated by the team. The evaluation of options will normally be in two
stages: initial evaluation is carried out on a qualitative basis and some options may be evaluated from further study.

Remaining
evaluation g
process.

3.2.5 Esta

Establishing
carried out
analysis wa
minds.

The screen
criteria. A ty

— Is it technically feasible?

— lIsitpra
Is it too
Canit
Canit
Are the
Is it con

Can we

3.2.6 Defirn

To identify
interrelation

Evaluation

output r

]

pptions after the first screening are evaluated by undertaking life-cycle costing. Option gener
re normally carried out in distinct phases to ensure that evaluation does not inhibit the option g

blish options

the potential options implies screening the options arising from the previous task. The wor
hs the second half of the function/cost analysis, carried out in a full value lengineering or functig
rkshop. This can save time and effort, and the ideas from the brainstorming are still fresh in

ng process should be applied consistently, in that each option-should be subject to the same as
pical range of screening criteria may include the following quéstions:

ctical?

expensive?

eet the programme?

eet the HS&E programme?

risks acceptable (technical, financialy revenue)?

Sistent with corporate policy andhis it acceptable to our partner?

evaluate it?

e costs to be included in the analysis

the cost élements related to an asset or a system, the function of the asset
s/dependencies toward the other systems should be evaluated.

bf operation can be in terms of what should be added to get the right output. This may include

pgUirements,

ation and
Eneration

k can be
nal value
people’s

bessment

and the

downstr

power requirement,

requirement of utilities/support systems,

eam effect of efficiency, resistance, etc.

Evaluation of maintenance can be in terms of what should be added to keep the process going. This may include

— regularity requirements for the system,

— maintenance concept/workload.

Revenue impact can be evaluated in terms of the consequence of failures.
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ISO 15663-1 [1] describes the approach that should be followed. The output from these activities is a list of cost is-
sues for possible inclusion in the assessment, and taken together they define the life-cycle cost boundary. They need
to be agreed among the team members.

3.3 Step 2 — Data collection and structured breakdown of costs

3.3.1 Identify potential cost drivers

A key issue within life-cycle costing is to keep the focus on the cost drivers, the major cost elements. What constitutes
the largept costs can come as a surprise If similar assets have not been evaluated earlier.

The cost|drivers vary according to
— appli¢ation,
— equigment type,

— equigment configuration.

For the offshore oil industry, the major cost elements are normally found amarng
— CAPEX,

— OPEX,
— mainfenance cost,

— reverjue impact of failures leading to production shutdown:
A cost drjver can be one dominating cost or a combination.

All the basic information required to undertake this step is established in the previous step. In this task the user
should tgke the list from the previous task, and-for each option review each cost issue to determine if it i likely to be
a life-cyc|e cost driver. This is an attempt to Second-guess the outcome of the assessment. To assist in this process,
it may bel convenient to group the issues under related headings.

Useful topls in determining the cost-drivers can be FMECA or a functional value analysis, as described ip clause 4.

The outcpme of this task will b€ the list of cost issues, but with the potential drivers highlighted.

3.3.2 De¢fine cost.elements

This tasK pursues the focus of the previous task, in that its principal aim is to identify the minimum leyel of detail
necessalycto “discriminate between options. Although all the cost issues identified during Step 1 heed to be
addressed-and-estimated-efortinthistask-should-be-concentrated-endidentiyingthecostelements+eguired for the

potential cost drivers.

The approach for each cost driver should be to consider the minimum number of cost elements required to estimate
the cost driver.

The remaining cost issues should be considered in terms of whether can they be estimated directly, i.e. are they cost
elements, and is it possible to group any of the cost issues under single headings.

The aim of the work is to identify the minimum number of cost elements, so that sensitivity analysis can be conducted
on the cost drivers, and to reduce the effort associated with the remaining cost issues. A candidate list of cost
elements is provided in 4.1.3.

© 1SO 2001 — All rights reserved 7
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The important features of the task are that it starts the user thinking about

how the

costs are calculated in the model,

how sensitivity analysis will be accommodated, with the focus on the cost drivers,

the practical issues associated with data collection, such as its availability, its quality and to whom the user needs

to talk. It also provides an insight into the amount of effort likely to be required and how this may be tailored to the
available resources.

The focus of the evaluation should be on differences between alternatives. Cost elements that are the same for all

alternatives

can normally be excluded.

This work p

3.3.3 Esta

The objectiy

organisation to respond.

All main elq
cost.

The cost el¢ments should be structured taking into account

— the way

— the way

The output

3.3.4 Iden

3.34.1 Ge

The structu
the structur

A data colls

The aim of
— define ¢

— identify

Fovides the user with an agenda for the discussion that will follow on the structured breakdown

blish structured breakdown of costs

/e of this task is to align the need for information, as defined by the cost elements, with the abi

ments of life-cycle cost should be considered, i.e. CAPEX, OPEX, tevénue impact and comm

in which costs are acquired and recorded,

cost elements are calculated.

rom the task will be an agreed structured breakdown of costs.

ify and collect data

neral

red breakdown of costs identifies the cost data required. Of necessity, the previous discussiong
bd breakdown of costs-will"have addressed practical issues such as the data sources.

ction procedure shauld be identified and defined.

Getting up andiimplementing a procedure for collecting data is to
ata requirements for life-cycle costing analysis,

the“sources from which to obtain data,

Df costs.

ity of the

issioning

defining

— establis

mne necessary level or quali[y COMntrotr.

3.3.4.2 Data generation

This subclause outlines the sources from which the input data for the calculations can normally be obtained.

As a general statement, most data that are to be used in life-cycle costing analysis can be retrieved in the following
two basic forms:

a) paper-b

ased;

b) computer-based.
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Appropriate data can be obtained from operators, contractors and vendors, in either format from their existing
sources and databases, such as:

— accounting and financing system;

— purchasing system;

— engineering system;

— maintenance management system;

— reliability management system.

Data for
— desig
— equig
— fabrig
— insta
— comr
— insur

— reinv
For new

Data for
— man-
— sparq
— logist
— energ
— insur

— onsh

CAPEXSs can be:

n and administration man-hours;
ment and material purchase;
ation cost;

lation cost;

hissioning cost;

hnce spares cost;

bstment cost.
bquipment, adjustments should be made from comparison with similar existing equipment.

DPEXs can be:
hours per system;
parts consumption per system;
ic support cost;
y consumption cost;
hnce cost;

bre support cost.

Data for
®

revenue 4mpact can be failure data. The following types of data can be extracted or refergnced using

the design

— operating data , that are necessary for calculating the failure rates (calendar/operating time, number of
demands);

— failure event data , includin{g failure rate, failure mode, the subsystem/item failed, the degree of failure (severity

class

, according to OREDA™ terminology);

— maintenance data , including the type of maintenance, the repair activity, the downtime/repair time, maintenance
program/interval, the resources required (which are very useful for estimating OPEXSs).

Revenue

impact is based on the production profile given in the plan for development and operation. For fields already

in operation, actual and predicted future production form the basis.

© 1S0 2001 - All rights reserved 9
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3.3.4.3 Data quality and adjustment

3.3.4.3.1 Data adjustment

3.343.11

General

Historic data should be adjusted for differences in system design and capacity, difference in oil characteristics, time

in operation

, monetary inflation/deflation, and cost development over time/trend prediction.

3.3.4.3.1.2

Adjustment
within the s

3.3.4.3.1.3

Adjustment

characteristics of the oil or fluid handled.

334314

Failures noimally are more frequent early in operation (running-in period), and after long times in operation

equipment
and equipn

Due to prg
Adjustment

3.3.4.3.15

Adjustment
records ang

For cost ad]

3.3.43.16

When the ti
inflation ratg

For expecte

System design and capacity

should be made for significant differences in system design and in different number of eguipn
stem to be evaluated, and the source of the historic data for the existing systems.

Oil characteristics

should be made for significant differences in expected lifetime or failuredregquencies for equipmg

Time in operation

s starting to deteriorate. Adjustment should be madecfor the operating phase of the reference
ent.

duct development and feedback to the vendors, equipment quality normally improves o
of historic data should be made for significant'design improvements.

Monetary inflation/deflation

should be made for cost differences due to monetary inflation/deflation occurring between th
the time of investment.

ustment, the cost indeXx for the oil industry over the relevant years should be used.

Forecasting cost development

me span. from the evaluation to cost occurrence and the deviation between cost development rat
p are significant, methods for trend prediction should be used to forecast future cost developme

d-cost development close to the inflation rate:

ent units

nt due to

when the
systems

ver time.

e historic

e and the
nt.

a) adjustments of the costs per year for inflation should be performed when using a nominal discount rate;

b) adjustm

ent for inflation should not be done when using a real-term interest rate.

3.3.4.3.2 Data qualification

The sample of historic data should be large enough to obtain data of acceptable accuracy in relation to the decision
to be made.

Man-hours and spare parts consumption should be averaged over enough years to give a calculation of sufficient
accuracy.
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3.3.4.3.3 Data quality

Poor data quality is a common challenge in many life-cycle costing applications. However, in most cases this should
not disqualify the life-cycle costing analysis. Poor data quality can be treated through risk and uncertainty analysis,
as referred to in 3.4.3.

3.4 Step 3 — Analysis and modelling

3.4.1 Developing a life-cycle costing (LCC) model

3.4.1.1 General

In the majority of cases, a spreadsheet represents the most economical and flexible solution for modelling life-cycle
cost diffefences. The model developed should be simple enough to be transparent to the usef but accufate enough
to represent the difference between options.

There ar¢ instances where more complex models are appropriate, for example:

— for spares modelling at system or equipment level, where typically the rangé-and scale of spares are estimated
to meet a performance parameter such as availability, stock-out risk or fil rate;

— for mpintenance assessment studies at system or equipment level invelving multiple operating, repaif and stores
locations;

— for detailed manpower assessment studies examining staffing, skills and resource requirements.
In such ciases proprietary models may be used, or special medels may be developed specific to the application.

In constryicting a model for a specific application, the following issues should be considered:
— all cost data should be normalized to a fixed economic base year;

— agreed inflation and exchange rates should be-applied;

— non-appropriate overhead rates should be removed;

— manpgower cost rates should be chectked to ensure they reflect marginal cost of employment, so thaj fixed costs
are treated appropriately;

— taxed and credits should be identified and isolated,;

— commnitted costs should belidentified and excluded;

— appropriate discountrates should be agreed and applied;

— the apreed finangial'and economic measures should be included: NPV, cash flow, PI, etc.;
— expenditure-ahd revenue profiles should be developed;

— the ajeaS\or sensitivity analysis should be identified.

The period used for discounting (monthly, quarterly, annual) should be determined, taking into consideration the
need to compare options. In particular, the need to examine sensitivities to programme changes may dictate a
monthly period for discounting.

When developing a specific model the need for subsequent sensitivity analysis and further iterations will need to be
considered. In particular, wherever possible, the parameters that will be varied in sensitivity analysis should be
anticipated and the model organized such that changes can be made through single changes to the data; for
example, the ability to vary all CAPEXs by a set percentage.

When further options are identified, it is inevitable that compromises will be made to accommodate these options

which may include features not previously anticipated. A well-structured model will reduce the probability of error
when these compromises are made.
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3.4.1.2 Discounting

The model should discount future costs and revenues back to today’s value.

An amount of money today is worth more than the same amount of money received in the future, i.e. money has a
time value. Income and costs related to different activities at different points in time during the life cycle should be
compared on an equal basis. All future incomes and costs for each year in the life cycle are discounted to the value

today.

Discounting is a technique for converting different cash flows appearing at different points in time to comparable

amounts at

2 cnacifiad naint 1n tima  Aftar 2 cach flow ic diccarintad tha diffarant altarnativiac ara avaliiatad
a-SpeceapeiithRe——Htera-caSHHewWw-iS6ai e a—e-aHereRtanteHiatheSale-evet

sum of thes

The FVino

That is:

FV=P

e as if all incomes and costs happened at the same point in time.

ne year of $100 presently held is equal to $100 plus the annual rate of interest times $100.

x (1+ k)

where k is the interest rate.

For a k of 10 % the FV is

FV=$100 x (1 +0,1) =$%$110
The PV of 4100 received today is the same as $110 received iniene year if the relevant interest rate is 10 %.
The other way around, the PV of receiving $110 in one yearis

FV $110
PV = = = $100
G+k  (@+o1)

Similarly, receiving $121 in two years has.the PV of

PV — FV _ $121 %121 $100

@+ k)(a+k)  (@F01)(1+01)  (1+01)2
A cash flow|with investmentef $200 now for receiving $100 each of the next three years has a NPV of
100 100 100
NPV =(—200% N1 + 112 + IRE = —200 + 90,90 + 82,60 + 75,1 = $48,60

The genera

PV =

£ lof AH i =\
TUTTTIUTA TUT UioSLUUTTINMYy a v 1S

FV

(1 + discount rate)?

where t is the number of years into the future.

By inspection, the discount factor is

Discount factor =

12

1
(1 + discount rate)

from the

1)

@)

©)

4)

®)

(6)

@)
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3.4.1.3 Discount rate
The discount rate used determines how costs during operation are balanced against the investment.

Figures 2 and 3 show the effect of using different discount rates for balancing an annual constant OPEX of
$10 million over 25 years against an investment of $120 million occurring 2 years before operation.

\/alue

1
3
5
7
9
"

3
15
17
19
21
23
25
% -

Year @@

Figure 2 — Effect of-discount rate on operating costs over time

Figure 2 shows how the discounted JOPEX develops during operation with different discount rates. Figlire 3 shows
the discounted sum of the OPEXS over the lifetime against the investment. At a rate of 12 % the OPEX is only 50 %
of the investment, while at 0.%jt is more than double the investment.

This illusfrates the impertance of using the right discount rate.

3.4.1.4 |nflation

When a |ngminal discount rate is applied, the costs should be adjusted for inflation. In the evaluations in field
developmentitsrormaty-easierteuse-entyareatrate-whichisadiustedfernflation—AsHustrated-rFHigure 4, the

results should be the same.

3.4.1.5 Taxation

The implications of the fiscal regime should be evaluated. Ranking of alternatives can be altered by pre-tax/after-tax
calculations dependent on tax regime.

For the larger decisions, after-tax calculations are normal. For the smaller technical decisions, pre-tax calculations
are normally sufficient.

When calculating after-tax, the cash flow should be adjusted for inflation and the discounting nominal rates.
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Figure 3 — Effect of discount rate on weighing-ef.operating costs
_Cgst per year year T|me t
1+ k)t
a) qumal rate: Adjust cost for b) Real rate: Inflation is adJthed
inflation for through the discount rate
Discounted costs IIIIIIIIIIIIIII Tlme 4
c¢) Real rate = Nominal - inflation
Figure 4 — Inflation adjustment
3.4.1.6 Life-eycle costing evaluation levels and tools

The evaluation methods to be used throughout the field development should be established at the start of the project
to ensure consistency throughout the project. The main levels of life-cycle costing evaluations are

“rules of thumb”,

— discounting models,

— economic assessment.

For most project decisions, the first two are sufficient. Most technical decisions are very small. They are often not
even considered to be decisions, but everything we do in relation to design has economic consequences.

14
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EXAMPLE The following is an example of how a project can formulate its own rule of thumb.

Criteria given at project start:

— Investment year: 1997

— Start-up production: 1999

— Field lifetime: 25 years

— Discount rate (risk-free): 6 % nominal

— Inflation rate: 2 %

— Discolnt rate: 4 % real

Rule of thumb for balancing CAPEX vs. OPEX:

25

— Discoint factor = tZ::z m

— Life-cycle cost = CAPEX + [15 X OPEX (annual)] + (15 X revenue impact)

= 15 (real)

Tools avdilable range from simulation models to simple discounting. The selection-ef tools should be based on the
individual needs of the problems investigated. For most cases a tailor-made spreadsheet model is easily| developed,
and mor¢ than sufficient for the problem at hand. Due consideration shouldybe given to the ease of guditing and
tracing the calculation flow.

3.4.2 Analysis and evaluation

When pefforming an analysis the focuses should be on

— identffying the design difference between alternatives;and their economic impact,
— identffying the cost drivers and seeking to reduce these,

— partigipation from the discipline engineers to.qualify input and results,

— sensitivity of the result towards the input parameters.

The key is to keep life-cycle costing asturicomplicated as possible.
The reaspn for analysis and evaluation being split into separate tasks apart from sensitivity analysis is tq emphasise
the need|to check the results wheh they are first produced. The results should not be taken at face value| The output
from the pnalysis will be a ranking of the options in accordance with the decision criteria specified, and a summary of
the life-cycle cost or the Jife-cycle cost differences, identifying the cost drivers.

Evaluatign of the analysis consists of checking the differences and finding out why they occur, if they arg logical and
can be explained:\In‘addition, the total cost picture is checked to see if it is in accord with expectations.

3.4.3 Sensitivity analysis

3.4.3.1 General

Having established that the initial results are reasonable, the sensitivity analysis aims to provide the basis for
reducing the number of options and improve confidence in those going forward, whether for implementation or for
further evaluation. An output from this task should be the identification of further options.

For at least the cost drivers of the options, the following sensitivity questions should be answered:
— By how much should the estimate change to alter the ranking and hence the decision?

— How likely is the estimate to change by that amount?
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In addressing these questions, the make-up of each cost driver should be established. The following categories may

help.

— Cost, such as manpower rates, helicopter costs, overhaul cost;

— technical factors , such as mean time to repair, failure rates, time between overhauls, production capacity, field

size;

— programme plan , such as time to first oil, production time scale.

The questions should not be addressed in isolation, and the views of relevant team members should be included.
This will provide two benefits.

It will ag
may be

a)

b) It will pr

There will b
other techn
given time,
complexity

3.4.3.2 Un

3.4.3.2.1 (

Uncertainty|

can be used and uncertainty handled separately.

Uncertainty|
— the inpy
— the resy

— the rank

3.4.3.22 |\

The quality
dependent

3.4.3.23 \

sist in identifying ideas and opportunities: in examining the cost drivers, it is usual to also@sk
reduced. Further options are likely to emerge from this discussion.

bmote commitment from the participants through their active role in the process.

b occasions when this straightforward treatment of risk and uncertainty is inadequate. Where th
ques will need to be employed in order to first find the probability of the uncertain event happeni
and then to determine the risk associated with it. This will result in a(carresponding increal
bf the work and its attendant cost.

certainty investigation

beneral

is normally handled through risk-adjusted discountrates. For life-cycle cost calculations, a risk

should be evaluated in relation to
t data,
It,

ing of alternatives.

ncertainty in the input'data

of the result js.a reflection of the quality of the input data. What level of uncertainty is acce
bn the objectiveof the life-cycle costing evaluation.

ncertainty in the result

how they

S OCCUrs,

ng at any
se in the

Hfree rate

ptable is

, the cost

Validation
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elements can be assumed to be independent and normally distributed. The standard deviation can then be
calculated as follows:

S

where

oT

Oe

16

is the total standard deviation;

is the standard deviation for cost element e.

®)
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Table 2 — Example of simplified uncertainty qualification of the results

Alternative A Alternative B
Cost elements Value Standard deviation Value Standard deviation
usD Absolute Relative usD Absolute Relative
Capital expenditure 4629 225 3755 787
Equipment purchase cost 3755 787 2 969 692
Installation cost 349 375 17 469 5% 349 375 17,499 5%
Commisgtoningcost 262-632 +3-162 5% 262-032 13162 5%
Insurancg spares cost 262 032 13 102 5% 174 688 8,734 5%
Reinvestent cost
Operatinp expenditure 70 099 653 71788 286
Man-hour cost 723 091 144 618 20 % 723 091 144 618 20 %
Spare pgrts consumption cost 802 364 160 473 20 % 751 689 150 338 20 %
Logistics|support cost 20 % 20 %
Energy cponsumption cost 68 574 197 1371484 2% 70 313506 1406 270 20 %
Revenud impact 32679 485 1307 179 4% 41088 537 1643 541 4%
Life-cycle cost
High 109 315 455 118 205 831
Medium 107 408 363 1907 092 1,8% 116 632 609 2173 222 1,9%
Low 105 501 270 114 459 388
A more gccurate, but a lot more time-consuming approachyis to take the same approach for all cost eleents for all
the yearq.
3.4.3.2.4( Uncertainty in the ranking of alternatives
When usjng equation (8) after evaluating two alternatives A and B and finding that A has the lowest lifg-cycle cost,
the resulf is indicated reliable when:
life-cycle costy + oa < life-cycle costg — o 9)
where o |s the standard deviation,
or a highgr confidenceevel can be specified. In the example, the high life-cycle cost of alternative A is lg¢ss than the
low life-cycle cost.of\alternative B, i.e. the ranking of alternatives is indicated reliable and alternative A is| considered
best.
The approaeh outlined is only one of the options, and gives a fairly rough estimate. There will often be @ need for a
more complex approactT.

The alternatives and the uncertainty in life-cycle cost can be pictured as shown in Figure 6.

Alternative A has the lowest expected life-cycle cost, but there is an overlap in the possible life-cycle cost range

which indicates that alternative B could become better than alternative A.

A picture of alternative B minus alternative A is shown in Figure 5.

This distribution can, when evaluating the range of possible results, be derived by subtracting the result of alternative
A from the result of alternative B. This difference between alternatives can then be visualized against the probability
of occurrence.

© 1SO 2001 - All rights reserved
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When alternative B minus alternative A is greater than 0, alternative A is best. Initially there was a relatively high
probability that the opposite could be the case. When correlated uncertainty (affecting both results the same way and
by the same magnitude) is taken into account this probability is significantly reduced, and the ranking can be

qualified.
The overlap in the potential range of results of the alternatives is evaluated in terms of the probability that the ranking

of alternatives could be reversed. When investigating what parameters lead to the uncertainty, and neglecting those
that give the same effect to all options, the overlap is reduced and the uncertainty that alternative A is better than

alternative B increases.

Probability

Life-cycle cost

Figure 5 — Potential result range of alternative options A and B

Probability

B is best 0 Ais best Life-cycle cost

A Life-cycle cost=-alternative B — alternative A
Figure 6 — Possible range in difference in result, alternative B minus alternative A
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3.5 Step 4 — Reporting and decision making

3.5.1 Reporting and decision making

Reporting and decision making implies applying the decision criteria that are set in Step 1 and documenting the
options considered and the choices that are made. Irrespective of whether the report is formal or informal, written or
verbal, the results should be presented with supporting arguments. Clarity and focus are important if the work is

going to i

nfluence the decision. The following should be considered in preparing recommendations:

— the ranking allows the lower-order options to be eliminated;

— sensi
— sens
— cost

chan
The reco
a) thep
b) furthg

c) future

The life-
manuals,

Not all lif

within the
decision

3.5.2 Ds

The focu
selection

HE L H Hu | +la + £ +la. £ | |
IVIl.y al |a|ya|a |JI UVIUTS UIT dl HUIIICI IS 1UT U'ic |JI CITITcyu SUIULUIT,
tivity analysis also identifies the opportunities to improve the solution;

rivers identify the potential magnitude of the improvement, either through the definitionlof ney
jes to existing options.

mmendations may take three forms as follows:
referred option , with supporting arguments;
br iterations , where there is potential to provide a significant improverment over the preferred o

b studies , for work required in subsequent project phases.

bycle costing model and results should be included in theyfinal project documentation an

b-cycle costing assessments will identify a clear choice, the difference between options may b

bn some other basis.

bSign iteration strategy

5es of the next life-cycle costing iterations should be identified. For example, after the proces
the natural next iteration is system optimization with material selection, capacity and

optimizatjon.

When de|
of type a
should g
alternativ

For the i
instrume
establish

The task

fining the different system options, a number of different system solutions exist with regard to, e.
hd capacity of the different equipment units. To be able to make a good decision on system se
D into some detail oa-the individual systems, but it is difficult to know when to stop. If not, thq
es to be investigated increase dramatically, as shown in Figure 7.

eration of system selection, choices should be made on issues such as pump type, capac
htation, material selection, etc. One cannot carry out a full system optimization for all systems
those systems good enough for identifying the best system for that application.

of system optimization will then be the next iteration where materials, capacity, etc. are selecte

v options or

ption;

d operating

e small and

range of uncertainty of the options. In these circumstances, the recommendation can be to take the final

5 of system
component

., selection
lection, one
b number of

ty, levels of
but should
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System selection

r " """ """ """ "¥"V/V0V///// 0/ I
I I | |
| System alternative 1 System alternative 2 System alternative 3 |
| (e.g. Line shaft pumps) (e.g. Line shaft with booster) (e.g. Hydraulic pumps) I
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Figure7*— Objective of life-cycle costing iteration vs level of detail for optimization
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3.5.3 Future studies

When no further iterations are required for an option, the foreseeable studies for the next phase should be
established. These can be issues such as:

— integration with the other systems;

— possi

bilities of combining functions;

— standardization of components, spares, storage locations, etc.;

— maintenance strategy;

— other

4 Life-

5.

cycle costing related techniques

4.1 Economic evaluation methods

411 G

Alternati
individua|

The wea
must not

The meth

EXAMPLE

positive N
environmg

4.1.2 N¢

The NPV

N PY

or

N P

pneral

e economic evaluation methods can be applied as criteria in the’ life-cycle costing process. H
methods should be applied in a manner consistent with corperate policy and criteria.

knesses of the methods applied should be kept in mind,»and the decision rules of the individy
be confused with the corporate decision criteria.

ods are developed with a set of assumptions and:the decision rules work only in that framewor

When applying NPV in a normal situation with-limited amount of capital for investment, a ranking of
PV is required and a decision is needed taking into consideration other company policies, such g
nt.

bt present value (NPV)

method is applied to evaluate the desirability of an investment. NPV can be defined as

S1 Sy S3 Sn

(S aaR i RE TR T T AR R

owever, the

al methods

K.

options with
s impact on

(10)

(11)

where

Sy is the net cash flow at the end of year ¢;

t is the number of years into the future;

I, is the initial investment outlay;

k is the discount rate, i.e. the minimum required return on the investment;

n is the lifetime (project duration) in years.
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The NPV of a project is derived from discounting the net cash receipt at a rate which reflects the value of the
alternative use of the investment funds, summing them over the lifetime of the project and deducting the initial capital
outlay.

The decision rule associated with the NPV method is as follows:

— if NPV is positive, the project gives a positive return on investment and can be accepted;

— if NPV is negative, reject the project.

For investment analysis, the discount rate represents the company's requirement for return on investment for that

specific level of risk. WACC is normally applied. This rate is the weighted average of interest rate on external capital
(loans) and|required return on equity.

The NPV of| a project depend on the discount rate applied. This can be visualized as a NPV profile,(see Figure 8.

0 000
8 000 -
6 000 \
L 000 ! \
2 000 !
o} \\

-2 000 —

NPV

_ [" 000 L | L | L | L | L | L | L
0 5 10 15 20 25 30 35

Discount rate, %

Figure 8 — NPV profile s~ The NPV as a function of discount rate applied

4.1.3 Life-gycle cost

The measufe of life-cycle costis applied for ranking the desirability of options when any particular of thg revenue
stream canfot be related,to.the objects under evaluation. Through minimizing the total cost of an asset or a function
where impact on the revehue stream of failures occurring are taken into consideration as a cost, asset valjye can be
maximized |n a consiStent manner. Life-cycle cost calculations are therefore applied to align technical decigions with
corporate opjectives:

The formulg fendiscounting to be applied is the same as for calculating NPV. Different assumptions can be¢ applied,
and life-cyclecost 1S therefore defined as a separate measure.

Life-cycle cost is defined as the discounted sum of the main cost elements of
— CAPEX,

— OPEX,

— revenue impact,

— decommissioning.

CAPEX should cover the relevant initial investment outlay (/,), from discovery through appraisal, engineering,
construction and commissioning including modifications until normal operations are achieved.
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