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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.

The preecedures—tsed—to—developth ment-and-these—ntendedfor—tts—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
diffefrent types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documeént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on the ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
expressions related to conformity assessment, as well ‘as’information about I1SO's adherence to the
World Trade Organization (WTQ) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Conimittee ISO/TC 67, Materials, equipment gand offshore
strudtures for petroleum, petrochemical and patural gas industries, in collaboration with the European
Compmittee for Standardization (CEN) Technical Committee CEN/TC 12, Materials, equipment and
offshpre structures for petroleum, petrdchemical and natural gas industries, in accordanl[:e with the
Agreement on technical cooperation between ISO and CEN (Vienna Agreement)

This|first edition cancels and _replaces ISO 15663-1:2000, ISO 15663-2:2001 and ISO 15663-3:2001,
which have been technically rtevised. The main changes compared to the previous edifions are as
folloyvs:

— (lause 3: several new'terms, definitions, symbols and abbreviations;

— (lause 4: a new'elause has been introduced;

— (lause 5<%nd Clause 6: new clauses describing life cycle costing management and methodology
yhich have been restructured from previous editions;

— Annex A: contains restructured text from ISO 15663-3:2001;

— Annex C: new annex describing life cycle costing techniques which also includes text from
ISO 15663-2:2001;

— Annex B, Annex D, Annex E and Annex F are new annexes, but contain also some elements from the
previous editions.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Cost management within the petroleum, petrochemical and natural gas industries is important and
will benefit from the adoption of a common and consistent approach to life cycle costing.

Life cycle costing is the systematic consideration of costs and revenues associated with alternative
options required to fulfil the objectives of the business. It is an iterative process of planning, estimating
and monitoring costs and revenue differences throughout an asset's life. It is used to support the
decision-making process by evaluating alternative options and performing trade-off studies. While the
largest benefits are typically achieved in the early life cycle phases, it is equally applicable to all life

aaa-d-ad ooz 1ozl £ a3l
Cycle phase_ arrcr at TITatry TCvVeTS UT u\,tau.

The petrolgum, petrochemical and natural gas industries have historically assessed the-financial
viability of [project options based on minimum capital expenditure and achieving project -schedule,
whilst operating expenditures and lost revenue have received less focus in the decision-making prdcess.
This has ignored potentially large cost factors and has in some cases resulted in selecting non-optimal
solutions.

Recognizing this situation, life cycle costing is increasingly being applied by atvariety of organizafions
within the industry. All participants in the process — operators, contractorsand vendors — can hpve a
substantial jmpact on the life cycle cost, and it is not until all are involved that the benefits sought{from
the use of life cycle costing will be realized.
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Petroleum, petrochemical and natural gas industries —

Life cycle costing

1 Scope

This document specifies requirements for and gives guidance on the application of life c

ycle costing

to create valtue forthe developrrent activities anmd operations associated withr driting;
processing and transport of petroleum, petrochemical and natural gas resources. Thi
covers facilities and associated activities within different business categories (upstream,
downstream and petrochemical).

The
betw

conc
diffe

een competing options that are differentiated by cost and/or economic Value. This doc
brned with decision-making related to the economic performance of individual option
Fentiated by factors other than cost or economic value.

Guidpance is provided on the management methodology and application of life cycle costin
of ddcision-making across life cycle phases. The extent of planning and management dep
magnitude of the costs involved, the potential value that can‘ie created and the life cycle
prov

drivers, allowing effective cost control and optimization over the entire life of an asset.

ormative references

The following documents are referred to i the text in such a way that some or all of t
constitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of\the referenced document (including any amendme

ISO [14224:2016, Petroleum, petrochemical and natural gas industries — Collection and
reliability and maintenance data-for equipment

ISO 19008:2016, Standard cost coding system for oil and gas production and processing facilit

ISO R0815:2018, Petroleum, petrochemical and natural gas industries — Production as.
reliability management

erms;definitions and abbreviated terms

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

pxploitation,
s document
midstream,

life cycle costing process as described in this document is applicable. wWhen making decisions

ument is not
s or options

g in support
ends on the
hase. It also

jdes the means of identifying cost drivers and proyides a cost-control framework fgr these cost

heir content
applies. For
hts) applies.

exchange of
ies

surance and

ISO an € following a

— ISO Online browsing platform: available at https://www.iso.org/obp

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

3.1 Terms and definitions

3.1.1
abatement cost
cost generated for the removal or reduction of an undesirable item

ddresses:

Note 1 to entry: An item can be several types of avoided emissions, e.g. emissions to air and water, but most

commonly used for CO, emission reductions. See further information in Clause C.7.
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Note 2 to entry: Abatement cost can be both CAPEX and OPEX cost elements.

3.1.2
asset

item, thing or entity that has potential or actual value to an organization

Note 1 to entry: Physical assets usually refer to equipment, inventory and properties owned by the organization.
Physical assets are the opposite of intangible assets, which are non-physical assets such as leases, brands, digital
assets, licenses, intellectual property rights, reputation or agreements.

Note 2 to entry: A grouping of assets referred to as an asset system (see ISO 55000:2014, 3.2.5) could also be
considered as an asset.

[SOURCE: IS

3.1.3
best availal
BAT
latest stage
indicates th

[SOURCE: O

3.1.4
break-even
Upy

price which

Note 1 to e
information i

3.1.5
break-even
volume whe

Note 1 to ent

0 55000:2014, 3.2.1, modified — Note 1 to entry not included.]

ble techniques

bf development (state of the art) of processes, of facilities or of methods of operation v
e practical suitability of a particular measure for limiting discharges, emissions and w

SPAR Convention:1992, Appendix 1]
price

applied flat to the production sold gives Npy=0

C.6.3.8.

volume
re a stream of revenues and cost balance results in Npy=0

ry: The volume can be related to material such as oil, equipment or services that generates in

See further imformation in C.6.3.7.

3.1.6
capital effig
CEI
Icg
NPV of a prq
end point

Note 1 to enf

Fiency index

ject after taxdivided by the absolute value of the NPV of cash flow after tax up to a de

information in C6.3.9.

rhich
hste

try: The production can be related to material sueh as oil, equipment or services. See further

fome.

fined

ry: Thé&capital efficiency index illustrates value creation relative to capital exposure. See further

here

Note 2 to ent

Tl 1 1.4 1 £ i 4 1 £ Jo£1 £ 4 = 231 41 il
ly. I'IIT dUSUTULT valutT UL LT 1HITU PITOTIIL VAdIutT UL LAdsIT TIUW dItCh tdA dpPplItS Uullitin tiic pulllc

annual cash flow becomes positive [see Formula (C.8)].

3.1.7

capital expenditure

CAPEX

investment used to purchase, install and commission an asset

Note 1 to entry: See further information regarding estimation of CAPEX in Clause C.2.

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=19a7700411ee1e840fda26885e8e0195

ISO 15663:2021(E)

3.1.8

code
COR

of resource

hierarchical structure of SCCS that classifies all project resources according to the type of contract/
resource that is involved in the activity and has an associated set of rates

Note 1 to entry: Specific code of resource structure exist, i.e. SCCS is described in ISO 19008:2016. COR codes can
be found at https://standards.iso.org/iso/19008.

[SOU
3.1.9

RCE: ISO 19008:2016, 2.1]

com]
fixed
orga

3.1.
con
limit|
is ex
3.1.1

cost
strud

Note
stand

3.1.1
cost
cost

Note

3.1.1
cost

mitted costs
costs that cannot be eliminated or even cut back without having a major effect on-prof
hization's objectives

0
raint

imposed externally or internally by the project that rules out the selection of an optio

reeded

1
breakdown structure
ture related to the methods that an organization employste record and report costs

1 to entry: Specific cost breakdown structure exists, i.e4SCCS is described in ISO 19008:2016
ards.iso.org/iso/19008.

2
data
nformation associated with a defined costelement

1 to entry: Cost data can be qualitative pf-quantitative cost information.

3
driver

its or on the

n if the limit

. See https://

majofr cost element which, if changed, will have a major impact on the life cycle cost of an option

3.1.1
cost
subs

Note

Note
in 3.1

4
element
bt at any level of thetotal cost for a cost breakdown structure

1 to entry: The‘edst of an object/item, resource, activity or a combination of those.

2 to entry: Specific cost element exists when 1SO 19008:2016 is applied, i.e. the term ‘cost ite
.16.

m’ as defined

3.1.1

5

cost

i1ssue

cost element which, if changed, will not have a major impact on the life cycle cost of an option

3.1.16

cost

item

particular part/level that is coded/classified using the SCCS

[SOU

© ISO
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discount rate

d

rate of return used in determining the net present value of future cash flow

Note 1 to entry: The discount rate is normally given on an annual basis, but can also be given based on another
time period, e.g. a monthly or quarterly basis.

Note 2 to entry: See further information in C.6.2.

3.1.18

economic evaluation measure

quantitative

Note 1 to enf]
costs are nee|

Note 2 to ent

3.1.19
fixed cost
cost that do

Note 1 to ent
Note 2 to ent

3.1.20
initial inve
first investn

Note 1 to ent
will depend ¢
LCC calculati

3.1.21
internal rat
IRR

dp

rate of retu

Note 1 to ent

3.1.22
item

measure used to quantify economic characteristics

ry: Economic evaluation measures may apply for the economic comparison where only-subs
ded (e.g. subset of CAPEX, OPEX and revenue factors).

Fy: See further information in C.6.3.

es not vary with production volume or with the level of activity,
Fy: Fixed cost is not necessarily constant throughout all life cyclé phases of an asset or an actiy

y: Both CAPEX and OPEX can have fixed cost items.

stment
hent for a project

ry: Initial investment is a part of the overall CAPEX or the overall CAPEX for the project itse

n the type of project. The timing of initial\investment can vary and is important to describe
bns in a given project.

e of return

n of future net cash flow that gives Npy=0

Fy: See further information in C.6.3.4.

subject beinlg considered

Note 1 to ent

bts of

ity.

f and
n the

ation.

"y The item can be an individual part, component, subunit, equipment, system, plant or install

[SOURCE: IEC 60050-192:2015, 192-01-01, modified — Note 1 to entry has been adjusted.]

3.1.23
life cycle

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

Note 1 to entry: The identified stages are defined as life cycle phases (3.1.28).

[SOURCE: IEC 60050-192:2015, 192-01-09, modified — Note 1 to entry has been added.]
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3.1.24
life cycle cost
LCC

Lec
total cost incurred during the life cycle

Note 1 to entry: LCC is the discounted sum of CAPEX, OPEX and LOSTREV, see C.6.3.3.

Note 2 to entry: Total cost of ownership is sometimes used in preference to LCC when explaining the application
of life cycle costing (i.e. the methodology) but it is not used in this document. See further information in 4.2.

[SOURCE: IEC 60050-192:2015, 192-01-10, modified — Notes 1 and 2 to entry have been added.]

3.1.25
life dycle cost analysis
LCC analysis

systematic evaluations and calculations carried out to assess competing options usirlg economic
evalyation measures of as part of life cycle costing

Note [l to entry: The economic evaluation measures are described in C.6.3.

3.1.26

life dycle cost model

LCC model

matHematical relationship between cost elements and life cycle cost differences

Note [l to entry: The LCC model will contain different economijc'evaluation measures as described i C.6.3.

3.1.27
life dycle costing
process of evaluating the difference between the'life cycle cost of two or more alternative dptions

Note [l to entry: Life cycle costing can involve quantitative and/or qualitative assessment.

3.1.28
life dqycle phase
discilete stage in the life cycle with a specified purpose

Note [l to entry: The different life’cycle phases are further described in 4.5.

3.1.29

lost revenue
LOSTREV
income loss thatipecurs when generated income are less than expected due to external or int¢rnal factors

Note [l to entry: When the generated income is related to production, ISO 20815:2018, 3.1.25 define§ lost revenue
as: Tqtalcost of lost or deferred production due to down time. Production and time loss categories gre defined in
[SO 20815:2018, Clause G.3.

Note 2 to entry: See further information regarding estimation of lost revenue in Clause C.4, and see also
1SO/TS 3250:—[11.

3.1.30

net present value

NPV

Npy

present value that is calculated by discounting the future net cash flow with the required rate of return
as the discount rate

Note 1 to entry: In this document, the term net present value is used, even though the industry sometimes uses
also the term present value reflecting the same discounted value. See further information in C.6.3.2.

© IS0 2021 - All rights reserved 5
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operating expenditure

OPEX

expenses used for operation and maintenance, including associated costs such as logistics and spares

Note 1 to entry: See further information regarding estimation of OPEX in Clause C.3.

3.1.32
payback pe
Ypp

riod

period after which the initial investment has been paid back by the accumulated net revenue counted

from the fir

b
CIIICVUITIC

Note 1 to entty: The payback period is also sometimes called pay-out time. See further information in€.6.3|6.
Note 2 to entry: When the payback period is calculated, it is important to state whether it.is<based ofn the
summation df nominal values or based on discounted values where the latter can lead to a;Semewhat lpnger
payback peripd.

3.1.33

physical breakdown structure

PBS

hierarchical structure of SCCS that defines the types of physical asset components of field installations
being delivered by the activity

Note 1 to entry: Specific physical breakdown structure exists, i.e. SCCS is\described in ISO 19008:2016. PBS fodes
can be found|at https://standards.iso.org/iso/19008.

[SOURCE: IS0 19008:2016, 2.6, modified — Note 1 to entryhas been added.]

3.1.34

production|availability

ratio of production to planned production, or anylother reference level, over a specified period of time
Note 1 to enffry: This measure is used in conjuriction with analysis of delimited systems without compengdating
elements such as substitution from other producers and downstream buffer storage. Battery limits needto be
defined in eafth case.

Note 2 to entty: See further information.in ISO 20815:2018.

[SOURCE: IS0 20815:2018, 3.1.46, modified — Notes 1, 3, 4 and 5 to entry have not been included) new
Note 2 to enftry has been added.]

3.1.35

profitability index

PI

IP

ratio of NPV| ofthe project divided by the discounted CAPEX

Note 1 to entry: See further information in C.6.3.5.

3.1.36

required rate of return
discount rate requirement by the decision-maker for minimum profit for the investment project

3.1.37
revenue

income generated from normal business activities

3.1.38

revenue gain
generated income that is higher than expected due to external or internal factors

© ISO 2021 - All rights reserved
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3.1.39
risk
combination of the probability of an event and the consequences of the event

Note 1 to entry: This definition is based on ISO/IEC Guide 51:2014, 3.9 that defines risk as combination of the
probability of occurrence of harm and the severity of that harm, where the probability of occurrence includes
the exposure to a hazardous situation, the occurrence of a hazardous event and the possibility to avoid or limit
the harm. “Harm” has been replaced by “event” in the definition to cope with production assurance purpose.
It is also similar to the definition of the “level of risk” given in ISO Guide 73:2009, 3.6.1.8 (i.e. “combination of
consequences and their likelihood”).

[SOURCE: ISO 20815:2018, 3.1.54, modified — Note 2 to entry not included.]

3.1.40
standard activity breakdown structure
SAB
hierdrchical structure of SCCS that defines the type of activity that is being performed

Note [l to entry: Specific standard activity breakdown structure exists, i.e. SCCS is'described in 1ISJ 19008:2016.
SAB ¢odes can be found at https://standards.iso.org/iso/19008.

[SOURCE: ISO 19008:2016, 2.8, modified — Note 1 to entry has been-added.]

3.1.41
stanfdard cost coding system
SCCS
standlard system for classification and coding cost estimates, monitoring and final quantities gnd cost data

Note|l to entry: The SCCS code comprises three individual hierarchical coding structures named PBS, SAB and
COR, ach based upon a different aspect/facet of the scepe of work.

Note R to entry: In this document, SCCS means the use of ISO 19008:2016.
[SOURCE: I1SO 19008:2016, 2.7, modified ~=Note 2 to entry has been added.]

3.1.42
sustainability
state of the global system, including environmental, social and economic aspects, in whigh the needs
of thg present are met without’compromising the ability of future generations to meet theif own needs

[SOURCE: ISO Guide 82:2019, 3.1, modified — Notes to entry not included.]

3.1.43
uncertainty
<of g quantity>\inability to determine accurately what is or will be the true value of a quantity

Note |1 to entry: Uncertainty can have different meanings. It can be used as a measure of variabflity within a
population, which is a type of uncertainty often referred to as stochastic (or aleatory) uncertainty} Uncertainty

can alsghave g cnh}'pr‘fivn meaning (ppichnmir‘ nnr‘nrfninfipc)
5

Note 2 to entry: Uncertainty of input data is particularly important for life cycle costing. See further information
in 6.4.4 and D.5.

Note 3 to entry: Uncertainty is the state, even partial, of deficiency of information related to, understanding or
knowledge of, an event, its consequences, or likelihood.

[SOURCE: ISO 14224:2016, 3.95, modified — Note 1 to entry has been adjusted, and Notes 2 and 3 to
entry have been added.]
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variations in performance measures for different time periods under defined framework conditions

[SOURCE: IS
3.1.45

020815:2018, 3.1.62, modified — Note 1 to entry not included.]

weighted average cost of capital

WACC

average after-tax cost of a company’s various capital sources, including stocks and interest-bearing debt

Note 1 to ent

rv- WACC isthe average rate a company expectsto payto finance its assets See furtherinfor

ation

in C.6.3.2.

3.2 Abbr

DRILLEX
EPC
EPCI
EPIC
FEED
FID
FPSO
HSE
LCCMP
LNG
MU

4 Applidg

4.1 Usery

This docum
such as:

pviated terms

drilling expenditures

engineering procurement and construction

engineering procurement construction and installation
engineering procurement installation and commissioning
front-end engineering design

final investment decision

floating production storage and offloading

health safety and environment

life cycle costing management plan

liquefied natural gas

monetary units

ation

of this document

bnt is intended for users responsible or involved in life cycle costing and associated actiy

— Installa

rities

ion/plant/facility: Operating facility, e.g. HSE, engineering, construction, installd

tion,

operation and maintenance personnel.

— Operator/owner/company: Project management and control, technology development, technology
qualification, concept and system design, HSE, integrity management, maintenance management,
production assurance, etc.

— Contractor: Main contractor for engineering, procurement, construction, drilling, installation,
operation, maintenance services, etc.

— Vendor/manufacturer/supplier: Technology development, technology qualification, system design
to ensure product quality and improvements, etc.

— Authority/regulatory body: Regulatory requirements that can refer to this document to enhance
HSE, production availability, system availability, operability, maintenance and resource utilization.
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management, technical safety, etc.

4.2

Industry: Any other user involved in life cycle costing activities in the industry.

Framework conditions

Consultant: Consultancy services for supporting system design, production assurance and reliability

The objective associated with life cycle costing is to provide decision support for selecting between
alternative options (e.g. technical and operational items), which are aligned with overall corporate
business objectives. Figure 1 illustrates that this is different from company economics and project
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ollowing applies as part of defining the framework:

vhen establishing a consistent costbreakdown structure for the competing options, [SO
elated to cost coding, shall be evaluated for use (see 6.3.1 and Annex C);

evenue, ISO 14224:2016 and ISO 20815:2018, related to reliability data, production as
eliability management, shall be used (see Annex C);

SO 29001:2020 can be used,;

ination of essential differences should be given:

[C model for comparison of options (see:6.4.2). The LCC model developed should be si
transparent to the user, but accurate‘enough to represent the difference between op

LCC and total cost of\ownership can be considered numerically equivalent, LCC is

b

5try applications.

vhen establishing qualified data input and calculation of operating expenditures, reve

onsideration should be given to quality management, for which’ISO 9000:2015, ISO 9

onsideration can be given to social responsibility, for which ISO 26000:2010 can be us

.CC model is the quantitative model used when comparing competing options. Thij
e different from economic models used by the eperator for other purposes. In such sy

e majority of cases, a spreadsheet model represents the most cost efficient and flexiblé

tlI(l)ns.

ycle cost is defined as the total.cost incurred during the life cycle. As indicated in Figur
s derived numerically. Thisnumerical output is sometimes referred to as the total cost ¢
r than LCC, to provide distinction between life cycle costing as an activity and LCC a

ent. Total cost of ownership is not used to prevent possible confusion of with so-called
which can exclude cost elements and cost drivers that are included in LCC. Similarly, ow
nclude costs relating to project economics (e.g. depreciation) that do not form part of L(

0300-3-3:2017 provides a general introduction to the concept of life cycle costing ar

19008:2016,

nue and lost
surance and

001:2015 or

ed.
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Company economics

Project economics (e.g. field and technology)

Life cycle costing of competing options

1S0 15663
| capEx ||

| REVENUES / LOSTREV |

OPEX |

Figure 1 — Framework conditions for life cycle costing

4.3 Limitations

4.3.1 Gen

This docum
undertaking

This do

eral

ent specifies requirements and provides guidance for~application and implementation for
r life cycle costing. Some limitations are described below.

cument focuses on life cycle cost comparison*between competing options for a subject

matter
field de
Compar
provide
cycle co

The det

data andl information derived from-0ther efforts, such as reliability modelling, maintenance ana

logistic,
estimat
techniq
Standar

This do
and bes
have sp
views o
metrics

[see also 4.6). This document is not intended-for the entire project economy evaluati
relopment projects or investment appraisals; for which all cost issues need to be cov
ative life cycle costing will include only the relevant cost elements. Thus, this documen
s guidance for use in the selection of.the relevant cost elements to ensure cost-effectiy
sting.

hiled analyses required to accurately predict life cycle cost will, in many cases, require

material and spares studies or other techniques that help develop individual cost ele
ps. This document willnot address in detail how to apply these specialist techniques. T
ies are not unique to-life cycle cost analysis and are described in other relevant Internat|
ds, such as [SO 14224:2016 and ISO 20815:2018. See also Annex C.

fument doesprovide typical life cycle costing calculation methods and describes the conj
t practicesanalytical concepts. Potential users are made aware that companies will
pcific requirements in areas such as the treatment of cash flow, discounting assumpt

pn of
ered.
Falso
e life

nput
lysis,
ment
hese
ional

mon
bften
ions,

h uncertainty and risk management, guidelines on margin and their own decision suj

cycle co

and ‘economic decision-making criteria. This document enables users to conform wit

O cVve
specific issues used in this context.

hport
life
pany

Capital projects may require extensive value engineering studies to support incremental

investments. The sensitivity analyses usually associated with value engineering can be varied and
diverse. This document provides case specific examples, but it is important to understand the basic

concepts and tailor them to particular study requirements as required.

can be complex and difficult to manage consistently. This document identifies common contra

Contractual relationships between operators, equipment suppliers and engineering contractors

ctual

considerations, some potential pitfalls and recommendations for successful outcomes when
collaborating with third parties. It cannot be exhaustive in terms of covering all potential scenarios,
relationships or contracting plans. The user should understand the basic life cycle costing concepts

prior to starting a life cycle costing study which involves third parties.
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— A more specific consideration between different companies is joint venture agreements, usually
between oil and gas operating companies. In these situations, individual company economic
considerations and investment decision criteria can be different between partners. For example,
the treatment of cash flow can be different between companies.

It is recognized that making a decision on any option is not always driven by cost or economic

value considerations. Different business drivers or objectives can determine the decision, even if
some of these drivers could not be quantified in equivalent cost and/or benefits. For example, the
opportunity to use and test new technology, HSE targets, sustainability, climate change impact,
energy efficiency, risk mitigation or opportunity exploitation, local or technical constraints, budget
limitations or cost exposure, value of reputation, market context or contractual schemes, could

4.3.2

Heal
HSE

competing options conform with the minimum set of HSE requirements. The recomme

(see
orga
for s
man

Depq
tore
revel
impd
safet]
can |
unac
pote
mak
cyclg
aspe

HSE
risk
ISO 1§
costi
inter]
Clau

{ITive or contribute to defermmlng the final decision between OpElOI’IS.

This document provides recommendations on typical roles and competency expectati
involved in life cycle costing which are not intended to be considered requiremerits.

HSE considerations

h, safety and environmental constraints prevail over cost when-evaluating compet]
ronsiderations are therefore important when scoping life cycle costing (see 6.2) to ass

6.5) shall always conform to these HSE requirements. The degree of technical,
hizational or human HSE related issues amongst competitg/options can vary or is onl
bme of the competing options. The choice of life cycle:costing subject matters should
hgement focus for enhancing HSE level (see 4.6).

nding on the life cycle costing subject matter ahd associated competing options, ho
flect HSE can vary when quantifying the main‘elements of life cycle costing, i.e. CAPE
hue factors (REVENUES or LOSTREV). Thé<l.CC analysis can then be difficult and
rtant condition or uncertainty for final.decision-making, where decision criteria (e.g
y requirements and company HSE targets) will also apply. Increased CAPEX to enhan|
pe preferred over the higher cost.(OPEX and LOSTREV) arising from the failure con
ceptable HSE level (see e.g. IS 14224:2016, Table C.2). Increased OPEX and LOST|
htial hazards and accidental events may be explicitly formulated to reveal this, to supp
ng. The HSE implications during the life cycle phases shall also be considered whg
costing for selecting between competing options. Further information regarding en
cts is provided in Clause€.7.

considerations fointhe purpose of life cycle costing can require support from risk nj
analysts and technical HSE personnel (see e.g. ISO 20815:2018, Clauses C.2, F4, a
$1000:2018){/FHie balance between HSE and cost should also be considered when t
Ing subject matter is comparison of different preventive maintenance options, e.g. opt
val for_safety critical equipment as defined in ISO 14224:2016, 3.84 (see also ISO

be [.L167and ISO/TR 12489:2013).

ons for staff

ing options.
ess whether
nded option
operational,
ly important
also have a

v and when
X, OPEX and
fan form an
. regulatory
ce HSE level
sequence of
REV due to
brt decision-
n using life
yironmental
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hd 1.20, and
he life cycle
imizing test
20815:2018,

4.3.

Sustaimabitity anmd clitmate citange considerations

Sustainability and climate change considerations are part of the life cycle costing activities, not only
in conjunction with associated costs, but also in terms of expected performances and benefits of each
option, in support to the decision-making process. This can be related to mitigation and adaptation
measures.

The carbon footprint of a product (as defined in ISO Guide 84:2020, 3.1.32) can vary between the
competing options and over the life cycle. Depending on the business objectives and authority
requirements, the LCC analysis should include the relevant factors.

This document also has economic evaluation measures that cover abatement cost (see Clause C.7).
This can lead to a higher LCC of a selected (recommended) option that achieves better carbon footprint
performances than a less expensive option.
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Corporate and authority requirements or targets can affect the degree the LCC analysis alone forms
basis of decision-making, or whether the life cycle costing provides support to more overall decision-
making addressing aspects outside the scope of this document, such as sustainable procurement (see
ISO Guide 82:2019 and ISO 20400:2017).

IOGP report 4371201 can also be considered when evaluating different competing options related to
sustainability.

4.4 Benefits of life cycle costing

Applying life cycle costing has several benefits. Experience has demonstrated that:

— for the|operator, life cycle costing integrates readily with existing appraisal techniques| can
quantify and optimize costs and revenues over the total life of a field development, thereby rédycing
uncertafinty;

— for the fontractor, life cycle costing provides techniques to support the extensiofvof his rolg into
areas such as maintenance management, integrated service provision, engineering serices
contracts and life cycle costing consultancy;

— forthevendor, life cycle costing provides a common and consistent basis for demonstrating improved
service pnd quality, thereby extending their role beyond technical conformance and lowest prjce.

Figure 2 illulstrates the degree of participants involvement on the level of detail and the life cycle phase.
This allows|them to easily recognize where the maximum value ¢an be reached in applying life cycle
costing in their work processes.

Involvement by levels of detail Involvement by life cycle phase
Field . ( AR
= Operators
. J
( )
Contractors H
\ J = Define

g H”H'

== Vendors
Equipment

Figurp 2 — Therole of participants with respect to level of detail and life cycle phase

The systematic’application of life cycle costing in a project development context will include any pr all
of the following benefits:
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Strategic alignment: All engineering decisions being made by considering the consequences on OPEX
and their effect on the revenue profile, in accordance with the corporate objectives of adding value

on investments.

Improved framework for performance contracts and life cycle costing: Enhancing the overall

quality level of materials and services in the supply industry th

rough the

development of performance contracts amongst operators, contractors and vendors with
complementary metrics besides CAPEX, e.g. operating phase metrics (systems availability guarantee

and risk-sharing clauses).

Improved decision criteria for selecting a profitable option: Supporting the decision-ma

king process

with the establishment of predefined criteria to rank and analyse the options with res
hdded value.

ncreased operating predictability: To perform life cycle costing assessments;,it'is ne
bperating expenditure elements are identified at an early stage. In this sensél-operatin

ind evaluate options to be compared.

unction and consider the effects of these decisions ontether process functions. The u

transfer and a focus for management effort.

L.ong-term economical perspective: The quantitative approach to life cycle costing prov

business portfolio.

Life cycle costing withinthe life cycle phases

brimary purpose of life(cycle costing is to assist the delivery of the highest possible

rtunities through.a-process of progressive optimization. The greatest benefit is realiz

Table 1 —'Eife cycle phases (for asset/project) — for facility owner/operating co

plays an important role in preventing cost underestimation and cost ovefruns. Technid
bxperience is also a valuable resource that can be introduced early in a-project developnj

Targeted planning of the life cycle costing activities: An int€grated planning for 3
levelopment ensures that the resources required for life cyclelcosting assessments will
n an adequate time to provide the necessary inputs to the task of comparing options for a process

nodel enables the identification, targeting and reductioh of cost drivers. Then, a sensitiy
may indicate critical functions that will become targets for research and development]

rofit, within a field(development or project. It achieves this by extending profit i

costing is integrated across the entire life cycle. The different life cycle phases are defing

pect to their

cessary that
p experience
al operating
ent to select

11l stages of
be available
se of an LCC

ity analysis
technology

des an early

Hliagnosis of the project’s economic perfermance over time. This feature allows a cominon basis to
rompare not only the functions within a“project, but also an integrated economical app

roach to the

hdded value,
nprovement
ed when life
bd in Table 1.

mpany

1d. Life cycle phase Phase outcome/ delivery

(for a project in exist

Phase outcome/ d¢

elivery

ng asset)

Exptore Tdentified business opportumnities Tdemtifted businessop

ortunities

Appraise Feasible installation concept(s)

Feasible solution(s)

A selected (preferred) installation

Select
concept

A selected (preferred) solution

A defined (matured) installation
concept for final investment
decision (FID)

Define . .
investment decisio

A defined (matured) solution for final

n (FID)

The installation is ready to start The solution has been ins

4 production/operation

Execute

ready to start production/operation

talled and is

NOTE 1 Facility owner/operating company can be oil company, rig owner, etc.

NOTE 2 The life cycle phases are defined for the purpose of this document and further sub-division is given in Figure B.1.
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Table 1 (continued)

. . Phase outcome/ delivery
Id. Life cycle phase Phase outcome/ delivery L L
(for a project in existing asset)
5 Operate End of installation operating life End of (mOdlflgd) 1pstallat10n
operating life
The facility has been removed and The facility has been removed and
6 Abandon : .
disposed disposed
NOTE 1 Facility owner/operating company can be oil company, rig owner, etc.
NOTE 2 The life cycle phases are defined for the purpose of this document and further sub-division is given in Figure B.1.

The typical scope and objectives of life cycle costing activities for each life cycle phase are as follows:

— Explore|(e.g. identification of business opportunities). Life cycle costing activities for this’phasfe are
businesp opportunities, ranked utilizing high-level life cycle costing considerations(

— Appraise (e.g. identification and assessment of feasible concepts). The scope of this phase norinally
include$ gross comparisons of the major technical options. The focus is 6n the major cost and
revenug trade-offs with adequate levels of detail.

— Select (p.g. concept development and concept selection). In this phase) alternative technical and
operatignal solutions are normally examined and compared, aimhing at selecting a pref¢rred
concept]. Processing and delivery are considered as well as proctirement options (lease or buy) and
the options for operation and support.

activitigs in this phase typically include the identificationand examination of the technical opfions
for facilities, processes and delivery leading to a defined (matured) preferred concept or technical
solutior] for FID.

— Define %e.g. conceptual/outline system design and front-end engineering design). Life cycle copting

— Executq (e.g. engineering, procurement, fabrication, testing, installation and commissioning){ The
scope of work will include system and equipment optimization within constraints defined dyiring
the life [cycle phase ‘Define’, and also support change control and project managers assessing the
impact of concessions the relevant economic evaluation measures.

— Operatq (e.g. operation and maintehance, modification and life extension). For normal operations
and malintenance, the work_ at'this stage supports the optimization of a wide range of fafility
operati(ﬂns and support. Life-eycle costing is also applicable when assessing modifications tp the
facility pr the potential te extend operations beyond the original design life. If major modificafions
are invalved, this requines reference to the issues considered above under the ‘Select’, ‘Defing’ and

‘Execut¢’ life cycle phases.

— Abandop (e.g._disposal and decommissioning). The work in this phase will typically in¢lude
examingtion‘ofwhen and how to decommission and dispose of all or part of the asset.

See Annex Blforfurther details and guidance on life cycle costing activities for each of the life cycle phases.

Time to market, from concept to conclusion of commissioning, is shortened due to business and
economic drivers. Contractor and vendor selection are performed early in the life cycle, with increased
emphasis on their capability and performance. Contracting strategies evolve in parallel, with a variety
of partnering, alliance and framework agreements being established.

From a vendors’ perspective, it is possible to add most of their value in the systems design since they
are often involved in the early life cycle phases such as the life cycle phase ‘Define’. On the other hand,
contractors can experience benefits coming from life cycle costing principles in all life cycle phases. For
operators, it is important that a life cycle costing methodology be established in order to capture value
especially in conceptual, operational and abandonment phases.
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Life cycle costing subject matters

Life cycle costing is a methodology used in the oil and gas industry to determine the most cost-effective
offer between alternative competing options that satisfy and improve technical, operational, health,
safety, environmental and regulatory requirements. Decision-making is made throughout the life cycle
of an oil and gas asset starting at the life cycle phase ‘Appraise’ through the ‘Select’, ‘Define’, ‘Execute’
and ‘Operate’ life cycle phases and even finally in the life cycle phase ‘Abandon’.

The greatest opportunity of influencing the life cycle cost of an asset and its ultimate profitability is
the ‘Select’ and ‘Define’ life cycle phases of a project (see Figure 3). Decisions and selections made in
these two phases have repercussions in the later phases of a project, as the ability to make subsequent

chan
right

Two

—

— process concept selection.

Exan

offshiore vs.onshore treatment.

Havi

)

decision in the ‘Select’ and ‘Define’ life cycle phases of a project.

High influence Rapidly declining influence Low influence

making the

Opportunity
for influence

Cost of changes

Appraise  Select Define Execute Operate Abando

Figure 3 — Opportunity for influence vs cost of change

primary life cycle costingidecisions taken in the life cycle phase ‘Select’ for a project ay

acility concept seléetion;

ples include topside vs. subsea development, topside vs. subsea compression and full processing

hg-defined the concept to be developed, subsequent life cycle cost decisions to be 1

nade during

subs

bquent life cycle phnqpq may include:

— system concept and sizing;

— equipment type, configuration, vendor selection;

— 1

ayout and equipment location;

— future facility modifications;

— health, safety and environment;

— project execution strategy;

— maintenance and operation strategies;
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— manning strategy and levels;

— logistic support strategy;

— spares and support strategies;

— decommissioning planning and strategy;
— reuse and/or disposal.

The list above illustrates typical life cycle costing subject matters, and that they vary between life cycle
phases. Identified life cycle costing subject matters are subject to the life cycle costing methodology as
described iff CTause 6.

4.7 Techpology development

Decisions tq develop and deploy new technologies in capital projects or during operations in support
of performajnce improvements are partly based on consideration of life cycle econoniics. Life cyclg cost
analysis can be used as the basis for comparing alternative technology solutions or as input intp the
assessment jof larger systems also subject to critical economic evaluations.

Comparing plternatives which include new technologies should consider &he risks and uncertainties
associated with the ability to qualify to specification and on schedule~These development factors are
fundamentd] for relating expenditures and revenues. They requirecareful breakdown of cost related
elements arld rigorous data analysis and modelling to be carriedout. Life cycle costing can be [used
to help subdivide technology development and deployment élements and assist with incremgntal
economic cdmparisons of alternatives.

A characterjistic of new technology projects is the challenge in handling uncertainties assocjated
with input fata, analysis results and ranking of alterfatives, but analysis methods and technlques
can be applled to reflect and describe the ranges of uncertainty. Depending on the complexity df the
uncertaintigs, life cycle costing methodology can emiploy advanced simulation and detailed probabillistic
assessments to critical areas requiring further. attention.

5 Management of life cycle costing

5.1 Genepal
Managemenit of life cycle costing is important to add value and ensure cost-efficiency.

Clause 4 provides batkground and framework conditions for life cycle costing required to
evaluate differences-between costs and revenues when considering alternative competing opfions.
Understandjng the-detailed analyses required to accurately predict relevant economic evaluption
measures (¢.g. dife~cycle cost) and to evaluate complex trade-offs between uncertain and varjiable
revenues andcassociated cost elements requires disciplined and critical examination and structlured
(decision suppot t) 1uaua5cuu::ut.

Life cycle costing as a capability area within organizations should be developed in terms of ability to
consistently and reliably predict the total costs and revenues for the life cycle of an asset, with respect
to competing options. The capabilities are required for application in both capital project environments
and where incremental investments may be considered to improve HSE, production availability,
and equipment and system performance during the life cycle phase ‘Operate’. Life cycle costing also
provides better decision support to assess the potential benefits and value of developing and deploying
new technologies.

Regardless of whether life cycle costing is used in capital projects, performance improvement initiatives
or the development and deployment of new technologies, organizations leveraging the techniques
should use it to help confirm proposed solutions are commercially attractive and that results are
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developed in a manner that can be presented alongside or integrated with other assessments of indirect
and non-economic benefits.

Because analysis supports significant investment considerations, it is crucial that management of life
cycle costing capability aims for levels that are sufficiently developed and recognized in their role
supporting high quality decision-making. It further aims to ensure that the economic objectives of
projects are properly stated to allow effective life cycle costing to be carried out and that roles and
responsibilities of those involved in life cycle costing are clearly defined. Management of life cycle
costing also covers strategy and planning requirements, contractual considerations and systems to
evaluate effectiveness through formal review and feedback activities. It also provides frameworks to
ensure that life cycle costing competencies and knowledge (i.e. standardized methods and application

of lifi
of th

This
plan]
mini
of th
user
orga
invol
of eff

Life
acco\

Thes

FCycle costing methodology) are obtained and practiced in a quality-oriented manner
s document.

hing and contractual considerations, the assessment of life cycle costing effect
mum training and competency expectations. It has been written principally from the
e operating companies who require high quality LCC analysis and evaluation to me]
needs, and also because they are more likely to have life cycle costing professionals
hizations. It is recognized that engineering companies, equipment vendors and of
ved in the project and operations value-chain have important reles in the planning ay
ective LCC analysis.

cycle costing activities have an interdisciplinary character that requires expertise ir
inting, engineering and operations research and data’ analysis. Therefore, implem¢
costing system involves management and can inyolve (depending on the organizati

elements can consist of:

eveloping capability and competencies in life cycle costing techniques and best pi
dhere to this document;

identification of high-level\subject matters for which key life cycle costing ac

rganizational roles need to’be incorporated.

inclusion of the selected life cycle costing considerations in project and operations st

lanning cycles.

efining the{nieéd for a project to establish roles, resources and competency requi
arrying outlife cycle costing activities;

inclusion of life cycle costing requirements in contracting strategies reflecting cus

eldationship(s);

or the users

clause covers typical life cycle costing objectives, roles and responsibilities. It descrilyes strategy,

veness and
perspective
et their end
within their
her entities
1d execution

economics,
enting a life
bn) utilizing

that can share competencies and resources in‘an effective and efficient manner to perform LCC

ent system.

actices that

tivities and

rategies and

rements for

fomer-client

commercial decisions associated with the acquisition of equipment and/or services.

incorporating life cycle costing considerations as a decision support element in the selected

This document recommends that the listed processes and activities are initiated only if they can be

consli

5.2

idered to add value.

Objectives for management of life cycle costing

The main objectives for management of life cycle costing are:

— to achieve agreement at a management level on asset objectives and how life cycle costing is linked
to these objectives;

— to communicate these objectives and the role of life cycle costing throughout the organization;
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— to define the purpose of life cycle costing prior to any activities taking place.

Other underlying objectives are:

achieve

business planning objectives;

through detailed description of the techniques and presentation of case-specific examples;

needed

to carry out complex life cycle costing analysis;

describing the application of the principles of life cycle costing to support projects and operations to

providing direction on key life cycle costing methods used in investment evaluations and decisions

providing additional references on the latest best practices and sources of the related information

helping
phases

identifyj]
inputs t

providil
conside

5.3 Roleg

The organiZ

to communicate the role that life cycle costing has in both capital project and opérat]
bnvironments;

ing typical roles and responsibilities of analysts, decision-makers and othets prov
p life cycle costing activities;

g guidance on planning, executing and assuring life cycle costing including contra
rations and expected training and competence requirements.

and responsibilities

ional

iding

ctual

ation shall determine and provide the persons necessary:for effective execution of the life

cycle costing function, and this should be described in the life cycle costing management plan (see 5.4

and A.1.3).

An individupl or organizational unit should be assigned the role of life cycle costing coordination (e.g.

through a life cycle costing coordinator) to undertake tliéfollowing tasks:

a) developland plan the life cycle costing strategy;

b) develop]life cycle costing project procedures;

c) facilitate and coordinate study activities;

d) organizg training of all key persennel.

The persong involved in life cyclé.costing may change depending on the life cycle costing subject miatter

portfolio anf the life cycle phase’of the asset.

Life cycle dosting coordination can benefit from having a life cycle costing coordinator for |arge

programmep having many subject matters. The life cycle costing coordinator can be a person or group

already part of the project group.

OrganizatiohalAinits or assigned persons having responsibility for performing life cycle costing shall:

a) understamdthe Hfe cycle costing metiodoiogy;

b) be able to tailor the life cycle costing activities to the needs of the project;

c) provide the focus for identification and evaluation of alternative options;

d) ensure that issues that influence the life cycle costing and the relevant economic evaluation
measures of the project are considered, and that potential trade-offs between cost and revenue
remain a key topic;

e) resolve problems identified during life cycle costing within required time and budgets;

f) communicate the results to others — it is only by doing this that decisions can be influenced.
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In order for the full benefits of life cycle costing to be achieved, the effect on the overall value of an asset
over its lifetime should be considered when making all major decisions. Life cycle costing is therefore
the responsibility of all individuals who take these decisions.

5.4 Strategy and planning - life cycle costing management plan

5.4.1 Life cycle costing management plan

The strategy and policy for life cycle costing shall be defined, together with the means of evaluating
whether business objectives can be achieved better by use of life cycle costing as described in this
docuprent

Plan
cyclg
plan
cyclg

Life
quan
asself
be st
and

typid
5.4.2

The
and
alter

al LCCMP is provided in A.1.2.

Life cycle costing process

s) for managing life cycle costing in specific projects shall be prepared outliningall
costing activities. The planning output should be included in an LCCMP or included in another
ning document. The planning output should be updated for each life cycle phdse, incly
phase “Operate”, to accumulate asset specific know-how for cost-effective(future decis

Cycle costing activities (e.g. ranging from coarse qualitative cost/henefit evaluationg
titative studies), as defined in LCCMP should be carried out wheré-benefits in terms
value can be realized by selecting the best option between competing alternatives. TH
udied should be selected on a systematic basis by considering-the major contributio
bperating expenditures and revenue impact (i.e. lost revenue and revenue gain). The

ife cycle costing methodology consists of four steps. These four steps are illustrated
hre further described in Clause 6. Any life cycle costing activity shall follow these fi
hative steps are defined during the planning process, then these shall be justified.
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Figure 4 — The life cycle costing process

The life cycle costing process applies to all identified life cycle costing subject matters (see 4.6).

The overall process is iterative and may be repeated a number of times in a project. The reason for the
repetition will typically be dependent on the outcome of the previous iteration. This can result in the
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need to assess further technical or operational options, challenge initial assumptions or constraints, or
respond to changes elsewhere within the LCCMP.

Iteration should be carried out for all major cost drivers and areas where there is potential for creating
value. This should be agreed on a project basis. The iteration may be deferred to the next life cycle
phase (see 4.6) when this does not lead to committed costs at the next stage.

Because the process is iterative, it should be integrated into the overall project planning so that the
outcome of each iteration can coincide with the decision points in the project. The LCCMP also provides

the means by which the interaction with other team members can be defined and established.
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arent until at least one iteration has been completed.

LN

e full range of options. This is because the opportunities, and hence the options,rd

le costing process contains a large number of tasks. Not all tasks are needed in ¢
d the level of detail considered in each task will vary according to the needs of the s

rom the process shall be retained as documented information.

Fa well-documented process will become apparent when the requirements for assess
consistency are considered, the results are produced, and further iterations take plag

actual strategies

ration of life cycle costing within a contractual’framework is important. This ca
the following two approaches:

sk approach where life cycle costing is progréssively introduced by making some part ¢
t related to life cycle costing performanee.

isk approach where life cycle costing is introduced immediately as the basis for establij
ct. This approach requires significant levels of life cycle costing awareness, well-establ

ample of the first approach)is the post-market service contract that a vendor or contr
ed to provide for the maintenance and operation of their equipment.

Lers for oil, gas,-ENG, etc. are built, owned and operated by the contractor and the ope
fee.

tivities:

a)

prequallification, both for contractors and vendors;
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tudy.
1ed.

ment
.

n be

fthe

hing
shed

hctor

and
rator

entation{ of life cycle costing in a contractual context shall be considered within the

b) development of the tender documentation, which sets the requirements for the bid responses and
subsequent evaluation;
c) contract award and post-contract performance monitoring.

Further description and guidance on contractual issues related to life cycle costing are provided in A.1.4.

5.6 Assessment and feedback

An asset owner may require evidence that all of the decisions and assumptions made at all stages of the
life cycle costing methodology meet the needs of the business. This requires that an assessment method
is established to meet the needs for internal audit (consistency checks) and external audit (feedback to
others). Annex F provides guidance on assessment and feedback.
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5.7 Training and competence

Training in life cycle costing can be required to ensure consistency of approach. The life cycle costing
training needs of a project will vary with the size and complexity of the project and with the contract
terms and conditions. The life cycle costing training needs should be considered in conjunction with life
cycle costing planning (see A.1.2) and coordination (see A.1.3).

6 Methodology

6.1 General

The methodology for the life cycle costing activities is based on the 4-step process elemerts shown in
Figure 4. The tasks underlying the methodology detailed in this clause are illustrated'in Figure 5.

The @#-step methodology applies for all identified life cycle costing subject matters. In|these steps
several tasks are listed which will assist the user in assessing the scope and-Seale of the work. These
are described in 6.2 to 6.5. The life cycle costing techniques shall be used in aecordance with Annex C.

Step 4 - Ste R
Reporting and S %mg

decisions Q efine scope and
4.1 Report and recommend easures

/ 4.2 Decide and implement.

4““ 4.3 Capture lessons lear\\@) \/

1.2 Identify options

1.3 Define options
- = Step3 - Step 2 - Cost
Mod\Ql)ing and drivers and data
Cj\ analysis | collection
. .1 Develop model 2.1 Define cost drivers
32 Analyse and assess 2.2 Define cost elements y,
‘\ Consider uncertainties 2.3 Identify and collect /
\\ and sensitivities data

Figure 5 — Sub-division of the life cycle costing methodology

The ¢antribution of life cycle costing to a project is important as any other support functions, such as
desig; —Tetabit i i1Te: i i itsown unique
perspective on the problem and each examines some aspects of performance. Life cycle costing adds a
long-term economic perspective and provides the means to compare alternative options on a common
economical basis. Life cycle costing cannot be carried out in isolation and should interact with the other
functions as part of the team approach.

6.2 Step 1 — Scoping

6.2.1 Objective
Step 1 is the starting point for the life cycle costing process. This step is critical for the successful

implementation of life cycle costing in any project, i.e. identification of the important competing options
for the relevant life cycle costing subject matters. The objective of this step is to develop a fundamental
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understanding of the issues, relationships, assumptions and requirement underpinning the work. This
can only be achieved by discussion with asset owners and members of the project team. Results of such
interaction will enable improved decision support and added business value by the selection option.

From a planning perspective, consideration of the tasks in this step will provide the basis for identifying
the scope of the work and the resources required. This should be described in the project planning and/

or in a dedic

ated LCCMP (see A.1.2).

Step 1 is always required, both initially and in subsequent iterations. In later iterations its scope can be
reduced to a check by the user that the initial task outcomes are still applicable.
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bns that will take place will cover many of the tasks simultaneously.

ne scope and measures

es shall be agreed upon and documented in accordance with thejorganization’s govern
procedures prior to the commencement of the life cycle costing activity (e.g. a study)

jall be maintained as documented information (e.g. in the LCCMP), to ensure organizat

ting in subsequent phases, this task may be limite@;to reconfirmation.
n of overall life cycle costing objectives should:

h the focus area and the reasons for doingthe work;

vhat functions, systems or equipmerntiare to be examined.

objectives should be discussed with all identified persons who have responsibilit
sting, to ensure they have a full understanding of what needs to be achieved. Pote
can include the following-disciplines:

nd engineering;
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bafety and environment;

mation;

vide
held,
htely,

ance
The

Ler (e.g. functions, systems and/or equipment) and the project execution strategies lpeing

ional
f the

y for
ntial

plannin

constru

econom

finance

]

ction;
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and cost accounting.

Discipline participants may come from vendor, contractor or operator organizations depending on
project requirements and the life cycle costing subject matter(s). Early scoping studies may not require
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the involvement of vendors/contractors. Life cycle costing evaluation can benefit from their involvement
from the life cycle phase ‘Select’.

6.2.2.2 Identify constraints

The constraints which apply to the life cycle costing subject matters in general, and to the competing
options being considered, should be identified. These arise from the following three principal sources:

— project constraints on what can be achieved within the life cycle costing work (typically arising
from resource and time-scale limitations on the work);

— lbudgetary constraints, such as limitations on CAPEX or OPEX, or alternativelycthe qutcome can
e subject to specified economic evaluation measures (e.g. minimum IRR of 10.%befofe an option
erit further consideration).

Consftraints can be imposed by third parties or other external influences. Examiples of such constraints
are regulatory requirements, frame agreements, production quotas, environment dischargg, use of BAT
or hdalth and safety issues.

All constraints that will impact on the life cycle costing should be retained as documented jnformation.

6.2.2.3 Establish economic evaluation measures

Life cycle costing measures will be quantitative economic evaluation measures, but ngn-economic
issuds such as HSE and sustainability (arising from regulation or organization’s governance) can also be
part of the decision criteria to select amongst competing options.

A ramge of economic evaluation measures exist: A selection of economic evaluation measyres shall be
done| for the life cycle costing as defined in the LCCMP (see A.1.2.3):

a) nmetpresent value (NPV);

b) life cycle cost (LCC);

c) internal rate of return (IRR);
d) profitability index (PIJ;

e) payback period;

f) break-even velume;

g) break-even'price;

h) ¢apital efficiency index (CEI).

These economic evaluation measures and their calculation formulas shall be used in accordance
with C.6.3.

For the ranking of options, economic evaluation measures are not always calculated in full, but limited
to the estimation of differences (e.g. NPV or LCC). Irrespective of the selected economic evaluation
measure(s), the differences between options should be considered under the following three categories:

— CAPEX;
— OPEX;
— REVENUES or LOSTREV.

In the case of competing options where decommissioning costs make a significant influence, the
decommissioning costs should be separated out explicitly.
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In applying these economic evaluation measures, the need and ability to compare options on a like-
for-like basis should be considered. In these circumstances, alternative techniques, such as the use of
equivalent annual costs, may be applied.

The economic evaluation measures are not only used to rank the options, but also to provide the basis
for determining the cost drivers within an option with implications for the modelling required.

6.2.3 Identify potential options

The identification of potential competing options shall follow a structured approach.

Options an
multidisciplinary team.

by a

Many technjiques are available to identify options. A well-proven technique to generate.optiong and
identify cosft drivers is a functional/cost analysis of the investment. This technique is,part of yalue
engineeringland function analysis workshops (see Clause C.5).

In some cirqumstances, the options may be predefined as the only potential techmical (or operatipnal)
solutions avpilable.

6.2.4 Define options

The identified potential options (see 6.2.3) are subjected to a screening process. The method adqpted
for this prodess should also be qualitative, as the aim is to find justifiable reasons for excluding opfjions.
The output will be an agreed set of options that are subject to both technical/operational and life cycle
costing evaluation.

The screening process should be applied consistently, with each option subject to the same assessment
criteria. A typical range of screening criteria may include:

— Isittechnically feasible?

— Isitpragtical (constructability, operability'and maintainability)?

— Does it meet contract deliverabilitysrequirements?

— Can it njeet or shorten the schedule?

— Are thelrisks acceptable (téchnical, financial, revenue, health, safety and environmental)?
— Is consiftent with the‘objectives stated in Step 1 scoping activities?

— Will it meet current and expected future regulatory requirements (HSE, etc.)?

6.3 Step 2 —< Cost drivers and data collection

6.3.1 Objective

The objective of Step 2 is the development of a structured breakdown of cost through consideration
of the associated cost elements. The systematic approach defines the cost data to be collected and
used as part of life cycle costing activities. Expensive data collection programmes are unlikely to yield
significantly greater value than one that contains only the essential information necessary to meet life
cycle costing objectives. The critical requirement is to focus on the cost drivers.

The aim is to align the need for information, as defined by the cost elements, balanced with the ability
of the project or operation to respond adequately.

Performing Step 2 properly enables greater understanding and appreciation of:

— how to calculate costs;
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— how to perform sensitivity analysis with a clear focus on the cost drivers;

— practical issues associated with data collection, such as data sources, access to data, and data
quality.

When determining the cost elements in life cycle costing, ISO 19008:2016 shall be considered when
classifying these agreed costs.

Annex D contains further information related to data input for life cycle costing activities.

6.3.2 Identify potential cost drivers

A philosophy of including all attributable costs should be adopted. In practice, this is usually tailored to
enablle the work to be shaped into manageable proportions by limiting it to the significantfattributable
costg only.

Althgugh the life cycle costing evaluations can be intuitive to a large extent, these evaluations should
adhefre to the following steps:

a) Ifor each option, identify the costs which incur over the equipment,.system or produdt life. These
ill be expected to include costs, such as purchasing, operation, maintenance, support services and
isposal costs of the option.

b) Address each option in turn, consider the unique featuresyand determine the costs (CAPEX and/or
DPEX) associated with each of the following items:

1) environmental and societal factors, such as foetprint, communities where facilitjes are built
and operated, synergy with local industries. (suppliers/consumers), other procgsses, safety
systems and transportation;

2) utilities, such as demands on cooling systems, power generation and accommodatipn;

3) supporting infrastructure, such‘dés warehousing, administration services, and other relevant
facility support items;

4) revenue losses, including.a clear description of where the losses are incurred, fo example at
asset, system or equipment level.

c) Compare options to identify the common costs. Where costs are common to all options} a judgment
¢an be made to either-include or exclude such common cost elements from the life dycle costing
dssessment.

The following factors can be considered:

— exclusion‘of common cost elements where they represent a significant proportion of thie total costs
¢an distort the perspective of the assessment;

— inclusion of too many common cost elements can mask key variations and important differentiators
between options.

Common costs are normally only included in cases where there are requirements to estimate the
absolute costs of owning the asset.

The output from these activities is a list of cost elements for possible inclusion in the life cycle costing
assessment. For each option, each cost element shall be reviewed to determine if it is likely to be a
cost driver.

The output from this task is a preliminary list of cost elements with the potential cost drivers
highlighted.
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6.3.3 Define cost elements

The list of potential cost drivers (see 6.3.2) is the basis for the task of defining the cost elements for
inclusion in the life cycle costing assessment.

Identification of the cost elements associated with an asset or a system requires both the function of
the asset and the interrelationships/dependencies with other systems to be evaluated.

The minimum level of detail necessary to discriminate between the options shall be determined. All
cost elements initially identified (see 6.3.2) should be addressed and estimated. The main focus of this
task should be to establish the cost elements for the selected potential cost drivers.

For the remaining cost elements, it should be determined if:
— they haye any other significance in discriminating between the options;

— it is pogsible to group any of the cost elements under a single heading, posing a\significanice in
discrimfnating between the options.

The output from this task is a defined list of cost elements and cost drivers to be ificluded in the anajysis.

6.3.4 Identify and collect data

The defined list of cost elements (see 6.3.3) should be structured by considering the way in which
costs are adquired and recorded. The way the individual cost elements will be calculated should be
considered when creating the cost breakdown structure.

The cost elgment list should be as accurate as possible to.meet the project specific life cycle costing
requirements. The output will be a cost breakdown structure.

A review of available data sources should be performed as an initial activity, to ensure sufficient
data quality. When the sources of data necessary«fo obtain the cost elements are established, a|data
collection process can be implemented with the required quality control.

Annex D contains further information relatedto the data collection process.
6.4 Step B — Modelling and analysis

6.4.1 Objgctive
The objective of Step 3 is toestablish a life cycle costing model in order to:

— producg economic ‘evaluation measures (see C.6.3) showing the difference in cost between sel¢cted
options

— produce a ranking of options;

— compare and analyse the cost drivers;
— undertake sensitivity analysis to determine what can change the ranking;
— identify uncertainties and risks.

The quality of both the model and the analysis will be significantly enhanced when a team is involved
in the work. A team approach provides different perspectives on the same problem and through such
interaction generates additional ideas on the opportunities.

6.4.2 Develop model

An LCC model may be different from an economic model used by operators for other purposes, as its
requirement is to compare and rank competing options.
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In the majority of cases, a spreadsheet model may represent the most cost efficient and flexible solution,
although bespoke software applications can be an alternative. The model developed should be simple
enough to be transparent to the users but detailed enough to evaluate the differences between the
competing options (see Clause C.6).

Where proprietary or specialized software is used to create models, the outputs should be integrated
into the overall model to allow a true comparison between options. This is needed to ensure consistency
with the decision criteria defined for the LCCMP.

The LCC model shall be validated to ensure it is credible, accurate and gives realistic results before it is
used for analysis.

6.4.3 Analyse and assess
The following information will enable the evaluation to be carried out:
g ranking of the options in accordance with the decision criteria specified;

— asummary of economic evaluation measures (e.g. life cycle cost, and for each option, idgntifying the
gost drivers).

The tesults should be evaluated by scrutinizing the ranking and the{cost drivers.
To enjable confidence in the results, important questions to be-answered include but are not limited to:
— are the individual cost totals in line with expectations?

— hy do some options perform better than others«ecan this be explained?

— Ihow does the impact of the timing of the costs;vary between options?

6.4. Consider uncertainties and sensitivities

The starting point for option elimination should be an examination of the lower-ranked options. From
the elxperience gained in the work, it should be possible to make a judgement on whether these options
could ever achieve top ranking. Where there is any doubt, the lower-ranked options may lpe subject to
the spme uncertainty and sensitivity checks as the other options.

While estimates by their@ature will be subject to some error, what is important is the r¢lative error
of onle estimate to another and not its absolute error. Where estimates are produced frorm a common
sourge, the relative ‘epror is likely to be reduced since all estimates will embody the|same basic
assumptions.

For the optionis\that remain, the robustness of the ranking is established by examining the|uncertainty
asso¢iated with the cost drivers in each option. Uncertainties refer to the unknown, single, true value
of somequantities needed to predict the estimation used in the life cycle costing. The sensjtivity of the
optiqris'to changes in a number of typical key parameters should be examined (e.g. cost of{installation
and operation, production profiles, product selling price and exchange rates). Uncertainties also include
future events that can happen.

Some options can be better than others in accommodating changes in the production stream or key
parameters, such as earlier-than-expected water breakthrough in field reservoir. Where a number of
cost drivers for the asset are outside the control of the project, then it is appropriate to perform an
uncertainty or a sensitivity analysis in which more than one parameter is changed so as to determine
the accumulated effect and the range of uncertainty in the results.

For each factor subject to uncertainty and sensitivity analysis, it shall be established:
a) by how much the estimate has to change to alter the ranking and hence the decision?

b) how likely is the estimate to change by that amount?

© IS0 2021 - All rights reserved 27


https://standardsiso.com/api/?name=19a7700411ee1e840fda26885e8e0195

ISO 15663

:2021(E)

These questions should not be addressed in isolation. The views of relevant team members should be
included. An output from this task can be the identification of further options.

The considerations for handling data input are included in Clause D.5. Considerations for uncertainties
and sensitivities analysis are included in Clause C.7.

6.5 Step 4 — Reporting and decision-making

6.5.1 Objective

e application of the 4-step methodology to identify organizational learning opportunit

6.5.2 Report and recommend

The followiy
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ity analysis can also identify opportunities to improve:the selected solution;

vers identify the potential magnitude of the improyement, either through the definiti
ions or changes to existing options.

The recommendations can take three forms:
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future s
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key assump

Not all life ¢
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ction of the preferred option, with supporting arguments;
iterations, define additional worknecessary to further differentiate the options;
tudies, what work is required in subsequent life cycle phases.

results and recommendations should be included in the final project documentation
Fions for the life cycle costing decision support shall be documented.

ycle costing assessments will identify a clear choice. For example, the difference bet
1s can be smallZand within the range of uncertainty of the options. The selecti
d option does not necessarily need to be the highest ranked case, but one that hag
in the range-of results. In these circumstances, the recommendation can be to take the
some othier basis.
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The analysis reports and the recommendations will form the basis for decision-making and subsequent

project impl

ementation by the stakeholders (see Annex A).

To ensure quality in the selection of the option and the implementation of the selected option, activities
to be taken into account include but are not limited to:

uncerta

manage

28

technical and operational basis (see e.g. C.2.2, C.3.2 and C.4.2);

inty in calculations (see e.g. Clause C.7, Annex D and Annex E);

constraints;

ment of change (see ISO 20815:2018, Clause C.5);

project management (see ISO 20815:2018, Clause C.2).
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Decision-making is seldomly driven by life cycle costing only. Other business objectives (e.g. HSE
requirements) can influence the decision, even if some of these objectives cannot be quantified by
economic evaluation measures (see 4.3).

6.5.4 Capture lessons learned

The purpose of the lessons learned or “organizational learning” in a life cycle costing perspective is to
communicate positive and negative experiences related to the applicability of life cycle costing in its
entirety.

The objective is to continuously improve the application of life cycle costing.

The task is considered relevant for all life cycle phases. When all life cycle costing activiti¢s have been
completed, this should be summarized per life cycle phase and managed over time.

An ofganizational learnings register can be developed to document experiences,-preferaply as a live
regidter through the life cycle phases.

Additional guidance is provided in ISO 20815:2018, Clause C.6.
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Annex A
(informative)

Life cycle costing implementation

A.1 Common guidance for life cycle costing planning and implementation

A.1.1 Gen

This annex
Common eld
and manage

One main el
in several c(

A number of
activities at

manage

eral

brovides guidance to common elements of life cycle costing planning and infplement4
ments are needed for all stakeholders (e.g. operator, contractor and venddr) to intrg

life cycle costing activities within each organization.

tion.
duce

ement of life cycle costing is the planning (see 5.4). The planning elements can be included

ordinated plans or in an LCCMP. The content of a typical LCCMP.is\provided in A.1.2.

general implementation elements are critical to the successful completion of life cyclg

all life cycle phases, including but not limited to:

ment and coordination of life cycle costing activitiesstraining on the methodology

used and raising general awareness;

prepard
a basis |

establis|

agreem
criteria

This annex
(Clause A.3)

A.1.2 Life

A1.2.1 Ge

This docum
5) and the 4
production

tion of a common and consistent source of infornration and assumptions that can be us
or all life cycle costing studies;

hment of data and uncertainty considerations in analyses;

bnt on economic evaluation measures and the decision-making process: while assess
are decided by the operator, all parties need to understand and apply the principles.

provides guidance on implementation issues for operators (Clause A.2), contra
and vendors (Clause A.49:

cycle costing management plan (LCCMP)

neral

ent describes the concept of life cycle costing and the life cycle costing process (see Fj

ctivities*that require a plan for each life cycle costing subject matter. As with planni
hssurance and reliability management (see ISO 20815:2018, Annex A), a planning docu

for life cyclg

desting entitled LCCMP can be beneficial.

cost

o be

ed as

ment

ctors

ure
ng of
ment

The LCCMP is generally used for the entire asset or project by the operator, but can also apply for the

engineering

contractor or a supplier/vendor, for their scope of work in a project.

The LCCMP should be established in the earliest phase of a project and be updated for each life cycle
phase (e.g. in project development and also in operating phase of the asset), to accumulate asset-specific
know-how for cost-effective future decision support and enable organizational learning to be available

to other sim

ilar projects.

The LCCMP should cover the topics listed in A.1.2.2 to A.1.2.7.
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A.1.2.2 Terms of reference

A general description of the LCCMP similar to the following may be given:

A.1.2.3 Life cycle costing philosophy and business objectives

A description of the life cycle costing philosophy to enforce business objectives similar-to t
may pe given:

A.1.2.4 Projectrisk categorization

A degcription of the project risk categorization should be included in the LCCMP to justify t
of life cycle costing activities, i.e. thedife cycle costing subject matters. The project risk ca
in ISP 20815:2018, Table 1 can be useful in this prioritization.

A.1.2.5 Organization and responsibilities

A deg

purpose and scope in line with the life cycle costing strategy (see 5.4);
system boundaries and life cycle status;
revision control showing major changes since last update;

distribution list.

description of overall business framework and overall optimization critefia,’and refere
¢ompany or contract documents;

Iefinition of economic evaluation measures to be used in the LCC analyses;

efinition of the methodology to be used, with reference to the 4-step life cycle costing 1
hown in Figure 4 and detailed in Figure 5, and indicatién)of which of the economi
]]nethods (see C.6.2) is to be adopted;

7N

efinition of the audit requirements, including the“number of assessment stageq
3ssessments will take place, and in particular any’requirements for independent as
york carried out within each life cycle phase.

the organization(s) and responsibilities, focusing on life cycle costing subject matter
erformangée;-internal and external communication, responsibilities given to manag
iersonnel, functions, disciplines, sub-projects, contractors and suppliers;

he following

ncing to key

hethodology

 evaluation

and when
sessment of

he selection
tegorization

cription of the organization(s) involved with corresponding authorities and responsibilities should
be clgarly stated in the\LECMP. Descriptions similar to the following may be given:

(s) business
ers and key

life’eycle costing activities are communicated, evaluated and implemented,;

the-action management system, defining how the recommendations and actions arisilng from the

the verification and validation functions specifying planned third-party verification activities (if any);

the reporting relationships of those involved in undertaking the work: particularly the reporting

relationship with the manager accountable for delivering asset value;

definition of resource requirements: potentially a team comprising operator, contractor, vendor and

consultant personnel;

training needs: both general (to raise awareness for all team members) and specific (for those who

will undertake the work).
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tivity description and schedule

An outline description of the activities with activity schedules similar to the following may be given:

overview of the life cycle costing activities during the relevant life cycle phases;

showing the main project milestones, critical dates and interfacing activities;

data col

lection activities and sources;

the plans or references to other documents containing the plans for the life cycle costing activities

clear statements of the relationship between the various life cycle costing activities (e.g. input/

output |
any spe

descrip
establis
assessny

A.1.2.7 Re
References §
key pro
relevan
relevan

list of li

A.1.3 Life

A.1.3.1 Ge

The main rgles and responsibilities of-the'life cycle costing function are described in 5.3.

A.1.3.2 Lif

A1.3.2.1 (

In principle
central role
design and

and busines

elationship and timing);
cific requirements for software tools to be used for modelling;

fion of the life cycle costing deliverables: covering the contribution towards decision-ma
hing an audit trail for future phases and the inclusion of life cycle costing within any f
lents (requirements specification and tender assessment).

ferences

ire made to, and revised as appropriate when updating the KGCMP:
ect documentation;

[ corporate or company requirements;

[ international, industry or national standards;

fe cycle costing deliverables (documentation}:

cycle costing function

neral

e cycle costing function in the project

Feneral

the life cyele costing function interacts with all business functions, and tends to fu
within theproject. The life cycle costing function acts as a conduit between the enginee
fommercial functions, translating the technical solution into its impact on the commg
S strategy.

ing,
ture

Ifil a
fing/
rcial

The main roles and responsibilities of the life cycle costing function can be summarized as follows:

develop

organiz

facilitat

32

and plan the project life cycle costing strategy;

ation/project procedures;

e and coordinate study activities;

be responsible for handover and maintaining project continuity across life cycle phases.

develop dedicated internal life cycle costing procedures and/or life cycle costing requirements in
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A.1.3.2.2 Developing and planning the project life cycle costing strategy

Strategic issues that the life cycle costing function is responsible for can include:

It is the responsibility of the life cycle costing function to ensure that:

a)
b)
)
d)

A.1.3.2.3 Developing internal life cycle costing procedures

early scoping of design option life cycle costing studies in support of concept studies and FEED;
initiating and maintaining data storage for common data and assumptions;

specifying the extent to which life cycle costing is to be incorporated in any pre-qualification
activities;

developing requests for life cycle costing information in tender documentation;

dssessment of tender responses in the context of the business case and providing in;Jut to design
selection;

establishing initial operations and support budgets;

identifying critical components of risk-reward strategies in advance of eqntract award

3 consistent approach is applied throughout the project;
3ll important decision points with life cycle costing implications are identified early;
the scope of the assessment process is adequately identified;

fesource requirements and timescales are identified.

The requirement for life cycle costing procedures should be considered at the following tw¢ levels:

1y

2)

A.1.3.2.4 Facilitating and co-ordinating study activities

At thie start of the life cycle costing process, the life cycle costing function is responsible for:

The need for procedures describing:How and when to undertake life cycle costing, at ywhat level of
detail, etc.;

|

[he need for change in existing organization/project procedures to ensure that these gupports the
implementation of life gycle costing (e.g. the design to procurement relationship) or purchase on
the basis of minimumr€APEX. The challenge is to change the process to implement life ¢ycle costing
3s the “built in” wayefworking.

¢stablishing the life cycle costing assessment objectives;

tracdhuren raqitrara At o,
MCSoUTrtCT CqUIT CITICIITS,

identifying study options;
agreeing economic evaluation measures and ensuring consistency between targets;

establishing the communications links with the functions that will contribute to or influence
the study;

identifying conflict between life cycle costing and other functional requirements, such as
performance objectives and requirements (e.g. system availability and equipment reliability targets
as further described in ISO 20815:2018, Annex F) are specified, and that they are consistent with
targets for economic evaluation measures.

An example of life cycle costing coordination is shown in Reference [24].
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A.1.3.2.5 Responsible for handover and maintaining project continuity

It is likely that over the life of a development or project, personnel changes will occur and the focus
of the work will shift between operator, contractor and vendor across the life cycle phases. It is the
responsibility of the life cycle costing function to establish procedures to ensure that continuity is
maintained. The principal mechanism recommended to achieve continuity and support the audit trail is
to maintain data storage of common data and assumptions.

A.1.3.3 Life cycle costing function skill set and background

The most important characteristics for the life cycle costing function are:

— abusingss focus that is able to bridge the gap between the technical and commercial functionsg;

— a broad understanding of all the functions within the organization (given the wide range of
interaction required);

— good cgmmunication skills: interface management is a significant componentrof’the work; and, a
relatively senior individual.

Life cycle cogsting is within the capability of the majority of existing functions, each offering its|own
advantages,|for example:

— operatipns and maintenance specialists have a vested interest ineenisuring that OPEX is given a yoice
in the pfocurement phases;

— estimatprs have the necessary costing background, usually,coupled with a broad understanding of
the englneering implications;

— risk and safety specialists are pan-organization or.pan-project experts accustomed to interfacing
with a Qroad range of functions;

— enginedring/design specialists have an awareness of the impact of options on the oyerall
requirements.

A.1.3.4 Trpining and competence

The life cycle costing training needs_on a project will vary with the size and complexity of the project
and with the contract terms and conditions. For example, a complex high pressure/high temperature
gas processing plant at the forefront of technology will have many more areas requiring life fycle
costing anallysis than a simple-0il processing platform. Also, life cycle costing should be used extengively
on alliance 4tyle projects whereas they will not be so relevant on lump-sum EPIC contracts.

Assuming a| fairly complex alliance-style project, nearly all project staff will require familiarization
with life cydle costing objectives and principles. This can be achieved by mentions in project handbpoks,
procedures,| etCy, or via kick-off meetings or team-building sessions to which most staff are invited.
Another foruny for dissemination of life cycle costing information is during value engineeringj/cost
reduction sessions. It is vital that commitment to life cycle costing is shown by top management for the
technique to be effective.

More specific training in life cycle costing methodology (see Clause 6) and associated techniques (see
Annex C) and models should be provided for the engineering manager and their lead engineers, together
with any project engineers. This could comprise a course which explains the principles and practice of
life cycle costing. Further training should be cascaded down from the lead engineers to others who may
be required to use life cycle costing techniques. This training may take place “on the job”. Training in
life cycle costing should be managed and audited by the life cycle costing function to ensure consistency
of approach and conformance with the project life cycle costing guidelines.
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A.1.4 Contractual issues

A.1.4.1 General

As mentioned in 5.5, the relationship between life cycle costing and contractual strategies is an
important matter. It is important that the contract is encouraging a collaborative spirit.

A.1.4.2 Prequalification

From a customer standpoint, the intention of prequalification is to reduce the number of eventual
tenderers to a manageable level. Extending prequalification criteria to incorporate refer

cyclg

To in|
be p

ences to life

costing may include the following requests:

the potential tenderer’sinternal procedures for estimatingand generatinglife cycle costi
and how they relate to this document on life cycle costing, the intention beingto elicit
on the extent to which life cycle costing is integrated into their engineeringand busineg

felevant previous experience in the application of life cycle costing, paying particular
the benefits that were achieved;

the understanding of the financial framework and economic methods applicable to the

their access to data/information (with sufficient quality){to support their ability to
¢ycle costing assessments;

gn indication of their willingness to agree to contractiinig to elements of life cycle costin

demonstration of the understanding of cost elements and applicability of related discip
¢ost estimation coding (per ISO 19008:2016);

demonstration of the understanding of~production assurance and reliability manag
ISO 20815:2018 and 1SO 14224:2016) that will be needed in the life cycle costing ac
further information in Annex C).

pssible to develop contractual framework arrangements that allow discrete studies

operptor strategy and policyforlife cycle costing (see 5.4). The advantages of this approack

rovides an economic.route to enlisting expert advice;
oes not precludetthe ability to compete subsequent life cycle phases;

introduces teOntinuity across the life cycle phases by allowing the development of
rrangements.

This|appraach will significantly improve the business benefits and contribution of life ¢
activiities ‘as defined in the LCCMP (see 5.1) or planning documents, and simultaneou
comIMuNication and awareness Detween participants.

g estimates
information
S processes;

attention to

work;

conduct life

g,

ines such as

rement (per
tivities (see

corporate the contribution that contractors and vendors can make in early life cycle phases, it may

support the
| are that it:

partnering

ycle costing
sly improve

A.1.4.3 Tender documentation

The tender document should reflect the need to maintain life cycle costing continuity through each
life cycle phase by defining the need for responses to questions that relate to the use of this document,
such as:

the tenderer’s approach to conducting life cycle costing;

the range of options that will be considered and how a solution will be identified;

estimating and modelling techniques to be applied (adherence to life cycle costing techniques, see

Annex C);
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— analysis to be applied to the outcomes (sensitivity analysis and trade-off analysis, identification of
cost drivers);

— statements on the information required from the operator (economic evaluation measures, level of
design definition, cost breakdown structure and relations to ISO 19008:2016);

— proposals for overcoming deficiencies in access to data, data quality and reducing uncertainty.

To reduce potential clarification questions from tenderers, the operator can provide the following
information:

— specific options to be considered (e.g. the requirements for a baseline option);

— data to|be provided, such as cost rates (e.g. manpower and transportation), expected(mevenue,
productfion rates, taxation and required rates of return;

— reportifng requirements, such as frequency, level of detail, information handover fequiremerits to
the next life cycle phase;

— the marking scheme: the relative importance of life cycle costing activities for value creation wjiithin
the overall response.

”

Some of thi§ information can be sensitive to the operator and may be substituted by “industry norms
or synthetidrates. Real data may be released once a contract has beendet:

The tender dlocumentation should enable the bidders to respond tailife cycle costing requirements in a
common angl consistent manner. In addition to the topics identified above, features that can assist{with
this procesg|are:

— specificption of the cost elements: the cost breakdown structure (i.e. ISO 19008:2016 upless
otherwise specified) to be used by the tenderer. (where preparatory work has exposed the| cost
drivers);

— statemgnts of contractual intent: specification of the cost elements to be included in fyture
contracfual negotiations (e.g. all CAPEX(and selected OPEX cost elements);

— issue offa “standard” LCC model: medel to be used by all tenderers in their response; while offering
advantdges in standardizing the response, this approach places the burden on the operatpr to
producg a competent and comprehensive model;

— release pfa project comparadtor: this could be the results of previous work that has led to a partifular
option heing favoured,-for which the objective is to provide a target for the tenderer to meef and
improve¢ upon;

— supporting justifications: a requirement for the tenderer to justify the data used in the response, in
which the pringipal focus of this is to ensure that bidders do not provide overly optimistic estinjates.

To realize tHefull benefits of life cycle costing, the tender document uses functional specifications pince
the use of prescriptive technical specifications constrains the tenderer s ability to Innovate and reduces
the potential business value of life cycle costing.

A.1.4.4 Contractaward

Current industry practice includes the use of gain share contracts with a risk/reward strategy focused
towards the CAPEX elements. By including life cycle costing within the process, decisions taken on a
CAPEX basis can be better informed on the value of the investment in relation to the potential resulting
consequences. Within this contractual regime, the operational and support (OPEX related) aspects can
be taken into account through measures such as:

— insisting that all proposals for CAPEX improvement be accompanied by an assessment of LCC
implications, specifically to examine the risks to the maintenance of an acceptable NPV;
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using the LCC estimates as the basis for developing the OPEX budgets;

insisting that no CAPEX reductions are considered that reduce the project NPV.

Normally, the majority of contractors and vendors have no control over how the facility or systems are
used once commissioned. An approach to extending the contract arrangements into the operations and
support phase (e.g. service contracts) may include:

The
esta

consideration of low-risk items or support cost elements as candidates for firm price support

arrangements from the contractor and/or vendor;

extension of contracting terms to incorporate service provision against specified performance

largets, such as required technical availability or reliability (see ISO 20815:2018, Anne

fisk/reward schemes based upon the support contract value balanced by the contril
individual system/equipment to NPV.

consequence of these changes is that data will assume a contractual status,
lishment of accurate data collection and analysis techniques by the contractors ang

suppprt the work. This experience will lead to better estimates for future life cycle costing a
the difficulties of comparing actual performance with data assumptiphs-should not be undg
If performance targets are established for the operating phase, this will also require

ensufe verification of requirements fulfilment (see 1ISO 20815;2018, Clause F.3). Further
is aldo given in ISO 14224:2016 and ISO 20815:2018 with respeet to organizational learnin

x F);

ution of the

driving the
| vendors to
rtivities, but
brestimated.
follow-up to
information

i, reliability

and faintenance data collection and analysis, etc.

A.1.4.5 Alliances

All the general features described in A.1.4.2 tetA.1.4.4 are equally appropriate to alliances and

parthering contractual schemes. In addition, the\following specific issues should be resolved within the

worK share agreement:

a) a statement on how potential conflicts that arise during design optimization will be resolved (e.g.
[APEX/OPEX trade-offs can chafige the financial value of individual participants’ contributions to
the investment);

b) definition of the resourcinig and responsibility for life cycle costing activities;

c) the use of this document as the single standardized approach to life cycle costing across all
participants, such-as.common procedures and common models;

d) ¢quality of life,eycle costing information;

e) agreed economic evaluation measures (see C.6.3).

Concerning~organization of life cycle costing activities, and when technical and |commercial

respousibility are being transferred to contractors, it is likely that they will undertake{ the LCCMP

activitieswith SUppot tfromvendors:

Concerning economic evaluation measures, this is of particular relevance where contractors and
vendors are assuming significant risk. In this instance, the decision criteria are influenced by their
needs in terms of return on investment.

A.l.

5 Communication

A.1.5.1 The communication between participants

The

objectives of a life cycle costing-based procurement are:

— for the operator/contractor, to evaluate the solutions offered by the vendor based on added value to

the project;
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— for the vendor, to evaluate and select the solution, based on the vendor's range of products, that

offers the most value to the customer.

The operator and contractor's attention will generally be focused towards the bid evaluation. From the

vendor's perspective, the greatest potential lies in offering the optimum solutions to fit the need
the variety of solutions the vendor can offer. The most important factor in achieving the objectives
participants is two-way communication as illustrated in Figure A.1.

The need:
— Operational profile

/ — Evaluation criteria

from
of all

Client / \ Vendor

Evaluate the offered Offer the solution from the

dolutions based on added Life Cyde range o.f products thatgives
value to the project Costing the hlgheitli\:;l:e for the

/

The value of the system solution:
— Production availability

— System availability

— Equipment reliability

Figure A.1 — Two-way communication'‘between vendor and client

To enable thle vendor to offer the best solution to cover the needs, the client should communicate, dr the

vendor should request, the following:
a) the needl (e.g. capacities and operating level over the lifetime);

b) targets for economic evaluation measures, and how to balance OPEX against CAPEX;

c) constrajnts, such as limitatioens”on topside weight, power consumption, footprint or accegs for

maintenance;

d) costparameters outsideithe vendor's control (e.g. energy costs) in order that the vendor can per
the trade-offs between alternatives, such as high efficiency and high price vs. low efficiency
low prige.

For the vendor, cdmmunication is focused on:

form
r and

— ensurinig they have adequate information to optimize their offer against the client needs;

— demonstrating the value of the solution to the client (e.g. in terms of lower cost, maintainability,

efficiency or reliability).

The client will only evaluate the solutions offered. However, vendors are often unable to offer the

solution from their range of products that best fits the client’s need. This is normally due to la
information on the client’s need, perception of total value and evaluation criteria.

Further guidance on communication regarding data for life cycle costing is given in Annex D.

ck of
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A.1.5.2 Responding to life cycle costing enquiries

When responding to an enquiry based on life cycle costing, the main issues are to:

— clarify the evaluation criteria and their impact;

— identify the client’s need, operating level and conditions over lifetime;

— clarify the access to data from the customer, together with the data requirements for the bid;
— identify the cost drivers;

J— I DJdCKadpPe DTVE ALY S
|

o a5 at & ) d
measures, by focusing attention on the cost drivers;

— (lemonstrate the value of the package solution in the bid response.

The focus should be on how the bids will be evaluated and on the client's need=When the|cost drivers
have|been identified, the potential for cost reductions (arising from design improvements or changes in
the support or maintenance strategy) can be defined. Alternatives whicliindicate reduced LCC can be
evalyated in relation to their impact on the offered price.

The focus should be on the areas where added value to the client can be demonstrated, anfd on how to
cominunicate the value or the cost reduction potential for the package.

A.1.3.3 Life cycle costing evaluation of vendors or subcontractors

A bid evaluation, in which life cycle costing is covered,tequires:

— 4anintegrated technical and commercial evaluation;

— fechnical differences to be quantified and,form part of the commercial evaluation;
— the cost drivers and the elements/patameters affecting these to be identified.

It is pn the design differences, in the form of efficiency curves, capacities, configurations apd resulting
perfgrmance measures (e.g. production availability and system availability), that cost differences can
be identified and qualified.

A.2 | Operator implementation issues

A.2.1 General

This|clause addresses the main topics to be considered by an operator for establishing, managing and
practicing.life cycle costing, including:

— gpeoifying the full life requirements in the contractual frame and including it in tHe tendering
and awarding procedures (e.g. considering technical advice weighted with commercial price, or
awarding on the basis of life cycle costing);

— developing a contract strategy in which contractors and vendors can be committed to deliver life
cycle costing (e.g. with incentives, guarantees, operation and maintenance services, build, own,
operate contracts).

From a life cycle costing implementation perspective, the life cycle phases (see Clause B.1) illustrates
several aspects of the operators' role:

— The decisions taken at the life cycle phase ‘Select’ determine the majority of LCC.

— Given the overlapping role of the participants, a growing number of developments proceed on the
basis of alliance partnerships, with impact on the role of the operator in life cycle costing, specifically
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in developing and describing requirements and communicating these requirements to partners and
suppliers.

— The contractors may have involvement in the early life cycle phases (e.g. life cycle phase ‘Select’
and later also operating support with vendor assistance in the life cycle phase ‘Operate’). Life cycle
costing can assist established project risk management techniques or production assurance and
reliability management (see ISO 20815:2018) by offering a common basis for communication in this
process.

— Operators initiate additional life cycle costing studies during the ‘Operate’ life cycle phase either at
set times (e. g annual rev1ew) or resultlng from operatlonal 1n51ght (e g observatlon of obsolescence

spares

involvement w111 depend on the type of study and input requlrements needed

The implementation of life cycle costing for the operator should take the following key issues

account:

— Commitfment: This has primarily arisen as a contractor and vendor concern,that operatorg

specify

lowest dompetitive CAPEX. Conversely, the operator may specify life cycle €esting as a componsg

the deci

the confract extends only to CAPEX.

— Risk: Li
risk ma

— The conftracting strategy: The objective is to establish contracts on the basis of life cycle costi

the inte
measur

A.2.2 Commitment to life cycle costing

A practical 3
— referen

— assignn

— acommpon content, format andystructure for the evaluation of competing options;

— commu

Framing su
such as:

the use of life cycle costing, but ultimately take the procurement decisions on the ba

sion criteria in a competition, but finds contractors delivering superficial responses beq

hagement techniques. This is an interface issue.

rfaces. Contracts based on life cycle costing aredifficult to implement due to proble
ement.

pproach to embody life cycle costingwithin company governing documents can includ
‘e to how this document is reflected in corporate governance;

lent of responsibilities for(the provision of data input to life cycle costing;

hication of how life'cycle costing is applied in a quality manner.

th operator governance into contractor requirements can be achieved through mea;

of requirements in invitations to tender;

ffe cycle costing brings its own particular perspective t@)established risk assessment

into

will
5is of
ent of
ause

and

g at
s of

le:

ures

— provision of operator life cycle costing information to the contractor;

— identification of performance requirements;

— provision of how life cycle costing will be weighted in the overall bid evaluation.

A.2.3 Life

cycle costing — A business focal point

A.2.3.1 General

The unique aspects of the life cycle costing function within the operator organization (see 5.3) are:

— defining the life cycle costing strategy;

40
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— providing continuity across life cycle phases;

— knowledge and competence of life cycle costing.

A.2.3.2 Defining the life cycle costing strategy

Defining the life cycle costing strategy should include the following commercial considerations:

a)

b)

)

g)

h)

The following matters should also be considered:

a)

)

g)

h)

asset ownership: there are significant implications for the role of life cycle costing where lease or

rent versus purchase features;

ompetition: how ne MP define hergole nda.e

requirements specification and tender assessment;

procurement source: alliances and partnerships can limit the technical solutions‘and
¢peration and maintenance;

pperation;

procurement strategy “knock-on” effects: decisions taken duringprocurement can limit
pptions that life cycle costing can consider for operations (e.g. scope for independent c(

performance: life cycle costing can assist in identifying contractual performance 1
¢ritical elements by identifying the data requirements from a life cycle costing standpd

flexibility during operations: given potential changes‘in use through life (e.g. field size
fates and chemistry), life cycle costing can quantify the effects of uncertainty and t
[APEX/OPEX trade-offs;

disposal: life cycle costing can expose-gpportunities for asset re-use or redepl
¢onsequential impacts on the current operating phase.

gtart-up date: the scope for accelerated procurement, its value and the sensitivity of NP\

roject development: the.implications of life cycle costing within a larger development

rocurement boundary: there can be life cycle costing implications for items that lie
oundary or outsidé-the boundary of the proposed procurement (e.g. downstream faci

ost breakdown structure: what level of detail to be considered at each life cycle phal
ncertaintyin the estimates;

udgetconsiderations: what financial constraints exist on CAPEX that limit the range of]
nd4echnical options and limit trade-offs between CAPEX and OPEX for NPV improven

qualification,

options for

pperations support: life cycle costing can assist in assessing the potential for contractor/vendor

the range of
mpetition);

leasures for
int;

production
he resultant

byment and

[ to changes;
project;

bither at the
ities);

se to reflect

commercial
hent;

tons; life cycle

costing should assist in highlighting the dominant issues to be addressed in the next phase;

timing: how long can decisions on operations be deferred (e.g. until more accurate life cycle costing

information becomes available);

timescales: life cycle costing can assess the impact of differing periods of contractual support,
taking into account production profiles, life extension, upkeep cycles and planned updates;

other support programmes: assessing the impact of external dependencies such as existing spares

pools, preferred suppliers, equipment and internal infrastructure;

The life cycle costing strategy should be implemented in the contract documentation (see A.2.5).
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oviding continuity across life cycle phases

The life cycle costing function has a responsibility for ensuring that all significant life cycle costing
assumptions made during different life cycle phases are consistent. The important feature is to ensure
continuity throughout the life cycle phases, for example:

initiated by the operator during the life cycle phase ‘Select’;

updated by the contractor during the life cycle phase ‘Define’;

— maintained by the contractor during the life cycle phase ‘Execute’ with input from vendors;

— used as[the baseline to assess proposed changes during the Tife cycle phase ‘Operate’.

The LCCMP should be updated throughout the life cycle phases to reveal the use of life cycle costing and

lessons learnt.

A.2.3.4 Knowledge and competence of life cycle costing

The operatar should have competence in life cycle costing methodology and supporting techniqueg (see

Annex C). This should be described in the operator’s corporate governance to cover framework, context

and desired|outcome.

A.2.4 Risk — An operator's perspective

A componert of life cycle costing is the identification and quantification of the major risks assocjated

with the recommended option and its engineering and design, support and contract strategy| The

outcome of life cycle costing contributes towards the content of the risk register (see ISO 20815:2018,

Clause C.2).[Life cycle costing can assist risk managementby:

— quantifying the subjective outcome of the risk-assessment in a common and consistent mapner,
which would typically concentrate on the high/high risks and measure their impact;

— providihg additional focus to the assessment through identification of the cost drivers.

Once includgd in the risk register, the life cycle costing function can assist in developing mitightion

strategies i1} specific areas, such as:

— minimiging risk to revenue through examination of CAPEX/OPEX trade-offs that improve operating
perfornmjance;

— quantifying the effect 6f project schedule slippage or acceleration as an input to arisk/reward scheme;

— valuing|risk transfer for specific components as part of a contracting strategy.

A.2.5 The contractual framework — An operator's perspective

A.2.5.1 General

Most contracts placed by the operator for project development are CAPEX based. These are
implemented in variety of different ways, ranging from lump sum to gainshare where the contractor
assumes some risks. Life cycle costing introduces an OPEX perspective and it may be incorporated into
existing contractual frameworks with varying degrees of risk transfer. The following two alternative
approaches illustrate the range of contractual impact:

— where life cycle costing is used to influence the design;
— where life cycle costing is used to assist identifying and contracting for elements of operation.

These alternatives represent an increasing commitment to, and reliance upon, life cycle costing as
part of the overall contracting strategy. They may be introduced sequentially, where the individual
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approaches are introduced progressively on a project-by-project basis, each one building on experience
gained, where more than one approach is introduced into a single project simultaneously.

A.2.5.2 Influencing the design

To influence the design, a fast and efficient process should be in place within the project to allow
additional CAPEX to be justified.

This option has no contractual significance to the contractor other than a requirement to undertake
life cycle costing work to support and optimize the identified design. In defining the contractual
requirement, the operator should:

a) identify the requirement to the contractor to undertake life cycle costing;

b) identify the assessment criteria by which the contractor is to assess trade-offs.

A.2.3.3 Contracting elements of operation and support

In thiis context, the operator seeks to achieve progressive risk transfer to the contractor through firm
pricq contracts for elements of operation. In addition to the contractudl requirements, the operator
should also:

a) gtate their intention to contract for specific support elements;
b) getfinancial targets for the elements of support that wilkbe contracted out;
c) propose timescales for the period of support.

The pperator may wish to seek independent estimates to identify the targets and that there will be
incrgased focus on the risk assessment undertakén by the contractor.

A.2.3.4 Contract administration

To syipport incentive schemes withifi a' contractual framework based on life cycle costinlg, a form of
stanglard costing system should.be provided to measure performance and achievemert. Activities
asso¢iated with this should cover‘the collection of actual cost and performance data for gnalysis and
comparison with agreed targets:

As part of the contracty-negotiation arrangements should be made as to how future chahges arising
from| practical operatihg experience can be accommodated during the currency of the dontract and
with|n the incentivé arrangement. The contract should include agreed methods covering:

a) fluture proposals for OPEX improvement and how they can be accompanied by an|assessment
f life cyele costing implications, specifically to examine the risks to the maintenance or
improyement of NPV;

b) ¢tructure of the operator and contractor/vendor team to evaluate and agree the proposed changes;

c) data collection and its role in supporting the assessment of performance.

A.3 Contractor implementation issues

A.3.1 General

The main topics to be included for a contractor (e.g. engineering contractor) for establishing, managing
and practicing life cycle costing are addressed in this clause. The contractor can also be an EPC
contractor, EPCI contractor, EPIC contractor, drilling contractor, etc.

The basis on which a contractor will conduct life cycle costing activities within a project will depend
on the operator's requirements. On some contracts, the role of the engineering contractor could be
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restricted to determination of the best life cycle costing solution for given field data, a final product
requirement and specified economic evaluation measures. In other contracts, it can be beneficial to
extend the contractor responsibility both to earlier and later stages of the asset life cycle. The range of
involvement by contractors in terms of level of detail and life cycle phase is indicated in Figure 2.

The contractor, with their relationship to both operator and vendor, has a pivotal role and in this respect
is key to the successful use of life cycle costing within the industry. The key issues in implementing life
cycle costing within the contractor are:

— thedevelopmentand organization of a capability: itis likely that the majority oflife cycle costing work
is undertaken by the contractor, with the operator coordinating and specifying the requirements at
a hlgh lg vc},

— contracfual risk: the extension of the contractors' role into early and later life cycle phases.will lead
to greater involvement in life cycle costing risk identification and assessment, together with the
assumpltion of contractual risks for elements of support.

A.3.2 Developing and organizing a capability

A life cycle|costing capability is developed by a contractor in order to meet the requirements of
operators. This can be met by existing project team members (given suitable training) or frpm a
centralized [function. The advantage of a central function for life cycle costing expertise is that it
provides consistency across the organization.

Within the ¢onstraints defined in the operators' requirement, lifexcycle costing includes the following
activities:

— identify|the need for undertaking life cycle costing in the-contract;
— establish with the operator project-specific economie evaluation measures;

— perforn} an initial assessment to identify those‘Components that contribute significantly to NPV, i.e.
cost driyers

— focus mpre effort on high-risk items (e.g:-high impact cost drivers or project schedule critical)

— constrajn the data requirements toyreflect the level of design definition, focus on design differgnces
and use|sensitivity analysis to quantify uncertainties in data and estimates;

— use the pest available datafrom operators, contractors, vendors or other organizations;

— apply life cycle costing within the organization and adapt or map onto the different requirements
from operators.

The abovementionédvactivities will cover a range of topics, such as modelling techniques, Input
data estimation @nd cost breakdown structures. This does also require the knowledge and uge of
ISO 19008:2016,1S0 14224:2016 and ISO 20815:2018. See also Annex C and Annex D.

Vendors of critical equipment and systems are an integral part of the process, whether introduced to
the project through competition or as a partner. The criteria used in selecting vendors can be split into
two broad categories:

— Those where life cycle costing assessment of their products will add no value and where the vendor
has no requirement to develop a life cycle costing capability, i.e. off-the-shelf items such as galley
equipment.

— Those supplying systems and equipment where there is opportunity to optimize the design from
a life cycle costing standpoint. Consideration should be given by devolving work to those critical
equipment vendors who have developed a life cycle costing capability. For others, the contractor
will have to provide significant support in the assessment of their equipment and systems.
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A.3.3 Risk — A contractor's perspective

For the contractor, life cycle costing can assist in the extension of their role into areas such as
maintenance management, integrated service provision and engineering services. These opportunities
also present the contractor with potential for additional risks and associated potential for rework,
dependent on the contractual scope of work defined by the operator. The points below identify the
role of life cycle costing in supporting existing business (design trade-off) and extending the business
(contracting for support). Each point represents increased financial risk (and opportunity) to the
contractor:

— design trade-off; where life cycle costing is used as a design trade-off tool, financial implications to
fhrecomtractor camr arise througir techical perforirarnce guarartess;

[(
1

ontracting for elements of support; where use of life cycle costing has a direct finafieial gonsequence

o the contractor through the prices quoted.

Guar
thet
thei

antees required by the operator may be accompanied by contractual penalties for faiJure to meet
echnical performance requirement. Life cycle costing can provide a quantitative basis for assessing
mpact of performance variation on production revenue by:

feviewing the specified level of performance: a relaxation may énable the contract¢r to offer a

lower-cost or lower-risk solution leading to an improved NPV.for'the operator;

q

q

The

appr
ensu
poss

A4

gssessing the level of incentives and penalties in relation/to the contractor's perf

.1 General

ontractually agreed targets on NPV.

most effective mechanism the contractor can use to tailor the work is a top-down ap
pach focuses on the range of options examined\and sacrifices the level of detail cq
re that the coverage is complete. In early life.cycle phases (such as ‘Select’ and ‘Defing
ble to defer work to later life cycle phases without compromising the value of the work

Vendor implementation issues

Fange of involvement by.venhdors in terms of detail and life cycle phase is indicated
he vendor, life cycle costing can be used to demonstrate improved service and qua

clien
by a

For t]
are ¢
oper

ding their role beyond equipment supply. As such, the specification of life cycle ¢
s does not constitute a risk, but represents a potential for increased opportunity and |
ding value to afjeld development project in all life cycle phases through vendor involy

e vendor.torachieve this potential, a value-optimization competence is required. In ad
allenges.that should be addressed with regard to equipment performance (i.e. reliabi
tionaldata), internal competence and contracts.

rmance for

proach. This
nsidered to
"), it may be
undertaken.

in Figure 2.
ity, thereby
osting from
brofitability,
ement.

dition, there
ity data and

While the requirement to undertake life cycle costing can be specified by customers, its impact on the
vendor is somewhat different from that on the customer.

For the operator, life cycle costing is concerned with optimizing CAPEX, OPEX and revenue, with the
focus generally on the CAPEX/OPEX trade-offs. As such, for the operator life cycle costing is primarily
focused on their costs. For the vendor, life cycle costing impacts on both income (product sales)
and costs. This is shown in Figure A.2. The vendor contractual relations are normally related to the
engineering contractor or EPC contractor (as customer) or also directly towards the operator.
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is that it cap adversely affect both the vendors' sales revenue and cests. To counter this, the vd
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The critical preas in the short term for the vendor are the following:

— the abil

— the internal competence of the vendor to deliver and’demonstrate added value to customers;
— client d¢dication and competence;
— the spe¢d of the change.

The critical preas in the long term are tostay competitive through:

— Integrat
Functio
wareho

— Develop
equipm
to demd

costs thirough competences in production, engineering, product development (especially in rel

to fram

In all of thes|

Figure A.2 — Life cycle costing can affect vendors' income arid costs

fe cycle costing is to optimize the operator’s profitability. The consequence for the ver

their attention on using life cycle costing to improve thé products which generate inc

ty to be awarded a purchase order;

ion of economics into,allfunctions of the company, leading to lower-cost produg
hs to be considered, leading to lower-cost production include production, mainten
lising, logistics, marketing and procurement.

ment of new life.cycle costing-based system solutions: The vendor is no longer simply s¢
ent but supplying package solutions to meet overall client’s need. The vendor should bg
nstrate an‘understanding of the project life cycle and how they can contribute to low

eworkagreements), maintenance and support, and optimization.

dors
ndor
bhme.

tion:
hnce,

lling
able
Pring
ation

1sed.

e, the vendor should also be able to demonstrate how their equipment/systems will be

The vendor’s competence in the production and engineering fields will typically be demonstrated by
their equipment and unit prices. With vendor involvement in the development projects, the focus will
shift more towards the overall competence of the organization. The vendor’s product strength will be
the competence to arrive at the most cost-effective solution for the total package to fill a function over
its lifetime. This will spread throughout the supply chain, and is equally applicable for the relationship
between vendors, their suppliers and subcontractors.

A4.3 Pr

ofitability potential for vendors

The opportunity for the vendor in the application of life cycle costing is illustrated in Figure A.3.
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Figure A.3 — Life cycle costing providing an opportunity for the vendor to demonstrate that
higher-cost equipment adds value

The adoption of functional specifications can lead towards solutions offering the minimurh acceptable
technical performance with competition on lowest price. This may be in neither the operptor nor the
vendpr’s best interest. The use(of life cycle costing can arrive at the optimum solution (as dgfined by the
operptor's decision criteria) that maximizes operator profitability, even if this increases thg¢ initial cost.
This|provides the potential for the vendors to improve their profitability through offering higher-value
equipment and demonstrating added value to the client.

If the vendor cap-puild up an understanding of the operator's total costs in relation to the vendor's
equipment, thisswill result in the following:

— thevendorimprovingtheirrevenue by getting paid for improved quality, efficiency or majntainability
y demonstrating added value to the operator;

y improving

profitability;

— the vendor being better placed to extend the scope of their supply by contracting for elements of
support.

In addition, the vendor's contribution towards design improvements, for example by being involved in
the life cycle phase ‘Define’, can be reimbursed based on commercial competitiveness.

In offering options which have increased CAPEX justified by the expectation of future OPEX savings,
the operator should take into account the possibilities that expectations cannot be realized.
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A.4.4 Contracts - A vendor's perspective

Definition of how the selected alternative and its equipment performance will be monitored during
the life cycle phase ‘Operate’ is difficult to quantify even after the costs have occurred. Why costs turn
out to have a different magnitude than estimated is also hard to demonstrate, thereby presenting
challenges in obtaining legally binding guarantees.

Another obstacle is that vendors may not be willing to accept a responsibility for the life cycle cost.
Unless they have collected and analysed information on the equipment performance (e.g. reliability
data) that constitute part of the OPEX of their equipment, they should be faced with considerable
uncertainty in the costs, and this will attract a high-risk premium. This means that the cost can increase.

Another ap}Lroach is to require guarantees on the elements affecting the cost drivers, like effic

ency
curves and performance over time.
Combined gurchase and maintenance contracts make life cycle costing-based bid evaluation easier,
since the vendor is directly responsible for significant elements of the OPEX.
For all parties (e.g. operator, contractor and vendor) the most difficult contractual aspect in relatipn to
life cycle cosgting is the topic of bonus and incentive schemes.
The operatpr’s profitability is derived from overall performance and (€osts over life, whilst the
engineering contractor's and the vendor's profitability are related to-flie contract payment from the
operator, ujually supported by a bonus where a technically acceptable solution is delivered ynder
target CAPHX and on time.
As long as the focus of the operator is to develop the field at the lowest possible CAPEX, the inceptive
schemes ar¢ orienting the parties to work in the same direction. With a focus on life cycle costing, a
different approach to bonus and incentive schemes is necessary.
For the vendor, the issue of how to split the cost savings/added value is much easier. As long as life cycle
costing is thle evaluation criterion, the vendor may‘decide it as shown in Figure A.4.
Life cycle ¢
cost
Option 1 Option 2 Option 3
Client[s
. added
value
LOSTREV,
A LOSTREV
LOSTREV
OPEX OPEX
OPEX
Vendofr's
[ A added
} value
CAPEX
CAPEX CAPEX
A4 A4

Figure A.4 — Incentive schemes to the benefit of all parties

Solutions with lower OPEX or lost revenues (see column 2 in Figure A.4), have a higher value for the
client compared to traditional solutions with the same CAPEX (see column 1 in Figure A.4). To enable
a vendor to offer the solution which optimizes the LCC, it is likely that an increased investment will
be needed and, in order to remain profitable, this will be passed onto the client in the form of a higher
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initial price. This will then result in the situation shown in column 3 in Figure A.4. The vendor and the
client thereby share the investment and the benefits arising. It is important for the vendor to be able
to demonstrate to the client that this additional investment offers an appropriate return. An incentive
scheme may be built into the contract as a method of securing this arrangement between the vendor
and the client.

Independent of approach, incentive schemes should have bonus and penalty limits. The aim of any
guarantee is to ensure that what is promised is delivered. While the operators and contractors are
aware of the need to balance bonus and incentive schemes with the vendor's financial commitment, the
vendor should suggest mechanisms for how this may be achieved. The aim is to ensure that the vendor
receives an equitable share in any NPV improvements delivered to the operator.

Whe rstand that
unce
havij

shou

h considering what can be justified as an equitable share, vendors should undg
rtainties associated with contracting on the basis of life cycle costing may result’in operations
g both higher initial price and higher future OPEX not recoverable from the yendor. Each contract
Ild be considered on an individual basis and an appropriate contract scheme(developed.

Whe
reco

h carrying out life cycle costing and comparative alternative evaluations, it is ijnportant to

bnize that costs are assessed from the client's perspective; it is theif value that will b

b optimized.

Factgrs to bear in mind are to adopt the client’s calculating/optimization assumptipns, use an
apprppriate level of detail and focus on design differences, gain accéss to operational expgrience, and
be clear on the economic evaluation measures.

A.4.5 Vendor competence

A.4.3.1 Challenges

The main challenges facing the vendor when integrating life cycle costing within their orgapization are:

q

q

The
deve
valug

Vendors are morédikely to assess the requirement in their area of competence more accuraf

oper
leadi

A.4.5

integrating economics/life cycle costing into the engineering disciplines, so that life g

flor the client;

Ing inte-the assessment and specification of system solutions in the life cycle phase ‘De

ecomes part of the engineering process:focused on client needs;

onvincing the client that the alternative solutions offered constitute the most profita

bstablishing a role in earlylife cycle phases and assisting in the definition of the projec

first item requires all disciplines to be involved, including marketing, sales, engi
opment, while thelsecond and third items involve building up a capability in demon|
b of the vendor's ©wn solutions and his optimization competence.

htor or contractor. This competence can be used to assist in the assessment of differg

ycle costing

ble outcome

[ need.

heering and
strating the

ely than the
nt concepts,
fine’.

.2) Training

For the vendor, the most important issue is developing an understanding of the operator's needs
through industry initiatives such as:

— developing an understanding of how to undertake life cycle costing activities;

— common industry training programmes;

— i

© ISO
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Annex B
(informative)

Life cycle phases

B.1 General

The primary
i.e. profit,
opportuniti
cycle costin
across all ph

— the acti

— the cont

Figure B.1s
processes a

processes i
the design.

ases, the organization in each phase differs in terms of:
bns that need to be taken;
ribution each participant can make.

hows the life cycle phases of a field development project tagether with some of the relg
hd decisions for each phase, which may be the subject ‘of life cycle costing activities
Figure B.1 apply to both the original field development and subsequent changes ma

 purpose of life cycle costing is to assist in the delivery of the highest possible added vjalue,
Fithin a field development or project. It achieves this by extending profit improvement
es through a process of progressive optimization. The greatest benefit is realized whep life
b is integrated across the entire life cycle. While the life cycle costing principles are identical

vant
The
de to
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APPRAISE SELECT DEFINE EXECUTE OPERATE ABANDON
— Identification & — Concept — Conceptual — Detailed — Operation & — Disposal
assessment of development design engineering maintenance — Decommissioning
feasible concepts — Concept — FEED — Procurement — Modification
selection — Fabrication — Life extension
— Testing

— Installation &
commissioning

. - Facilities
Economic Facilities e fimie o Vendor Maintenance Well shutdown
iability selection specification selection optimization & apandonment
iy | [ e
selection S selection spares qisposa
specification optimizatiqn. abpndonment
Delivery di)ftielllli\t/ieorryll/ LOngth: Productioh &
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specification analysis optimization
Utilities Completion Reservoir
definition / strgte management
specification 8y optimization
Manning Inspection/& Modification
definition / maintenance options &
specification strategy screening
. Disposal
Sp_arlng & strategy &
repair strategy review
Procurement

Figure B.1 — Life cycle phases and typical processes

Wheh life cycle costing is integrated across the entire project life cycle, in each phase the|foreseeable
studies and the focus ared for the next phase should be established.

The pelection of life eycle costing measures depends on the item under consideration amnd on which
phask or iteration-the project has entered. When the first iterations of the life cycle costing process are
undegrtaken durinig the life cycle phases ‘Appraise’ or ‘Select’, the object investigated may|be the field
developmentdtself or the development concept. The revenue stream in total can be dedidated to this
objedt, and all'the traditional economic evaluation methods can therefore be applied.

For théfurther iterations in later phases, the concept may be broken down into the individual systems
and fUTTher INto equipment Units. For these Iterations, the Tevenue usuaily cannot be related to the
object under consideration. The LCC measures can then be applied. Through minimizing the LCC of an
asset or a function, where impact on the revenue stream of failures occurring are considered as a cost,
asset value can be maximized in a consistent manner.

For these later iterations, economic evaluation measures such as NPV and IRR (see C.6.3.3) can be
applied when evaluating additional CAPEX resulting in reduced OPEX. The difference between the
options of making the investment or not can then be considered as an investment appraisal evaluation.

Often, only the difference between competing options can be evaluated. In practice the possible
economic evaluation measures are then reduced to NPV or LCC, since the other measures listed in
Clause C.6 are calculated from the total cost and revenue stream associated with the decision.
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B.2 Appraise

B.2.1 Scope of work

The scope of this phase normally includes identification of feasible concepts and gross comparisons of
the major technical options. The focus is on the major cost and revenue trade-offs with minimum detail.

B.2.2 Contributions

In the life cycle phase ‘Appraise’, the main contribution of participating team is in supplementing the
operator’s expertise so that either a broader range of feasible concepts can be identified and assessed,
or by providing information that allows high level comparison or screening of concepts.

B.2.3 Life cycle costing activities

Providing hjgh level support to other functions in the organization based on life cycle-¢osting mddels,
competence|or lessons learned existing from previous relevant development projects:

B.3 Seleqt

B.3.1 Scope of work

In this phage, alternative technical and operational solutions areMnormally examined and comppared,
aiming at selecting a preferred concept. Processing and delivery‘are considered as well as procurement
options (leape or buy) and the options for operation and suppor®s The work normally includes exam|ning
and comparjing alternative technical solutions. The focus i$.en the major cost and revenue tradg-offs
with minimpim detail.

B.3.2 Contributions

This stage {s normally undertaken by the opérator in conjunction with a contractor who will| help
evaluate coficepts within an accelerated procurement programme or within an alliance frameyork.
Vendor contfributions are likely to be limited to advice on major packages.

The main c¢ntribution of the partigipating team is in supplementing the operator’s expertise sqg that
either a bropder range of concepts can be examined, or information is provided that allows congepts
to be compared at the same leyel of definition. This is likely to be particularly true where new or novel
concepts ar¢ proposed; inputfrom contractors and vendors can reduce uncertainty for these optigns.

the workcan be undertaken by a team supplemented by contractors, vendors and consultlants.

For projectdahere C 3
of the life cycle phase 'Select appointing a dedlcated life cycle costlng functlon or coordmator with
responsibility for developing the life cycle costing strategy should be considered. Usually, the functional
ownership would belong to the operator. Considerations in developing the strategy include ensuring
that life cycle costing contributes towards the development of the engineering and design, support and
contract strategies; in practice this requires discussion and agreement from other internal functions
and partners to achieve buy-in.

The planning of life cycle costing activities and the work to be done for the ‘Select’ life cycle phase
and the subsequent life cycle phases should also be carefully considered. Recommended content of an
LCCMP is provided in A.1.2.

Where multiple contractors have been asked to make proposals for the most suitable concept or solution
for a specified development as part of a design competition, it may be appropriate to specify that any
bid be supported by life cycle cost information. The cost headings can be specified together with the
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data sources and estimating process to be used. It should be ensured that bids can be compared on an
equal basis and all-important costs have been included.

B.4 Define

B.4.1 Scope of work

The scope of this phase typically includes the identification and examination of the technical options for
facilities, processes and delivery leading to a defined (matured) preferred concept or technical solution

for FID.

Sizinlg and scoping the required utilities (e.g. power generation, accommodation, water

logis
with
does

completion of the life cycle phase ‘Define’.

tic support) and examining the cost trade-offs between facilities/processes and utili
n the scope of this stage. Life cycle costing activity stops when a preferred solution is
not attempt to optimize the solution. Overall layout, weight and dimensions-are norm

supply and
Fies are also
identified, it
hlly fixed on

B.4.2 Contributions

This|stage is normally undertaken by the operator in conjunction with a contractor who will evaluate
the technical options. Vendors’ contributions are likely to add significant value with their specialist
knowledge of the cost and performance of alternative options.

B.4.3 Life cycle costing activities

The life cycle costing work undertaken during the lifeCycle phase ‘Define’ will include the identification
of a |preferred option together with a corresponding outline engineering and design, support and

contj
LCCN

competing equipment options normally starts.

Forl
spec
of th
as a
optiy

For
the
conc
cyclg
evap

The
arraf

racting strategy, all culminating in a requirément specification. This will define the cq
P during this stage. It is at the beginning'of this phase that the process of making

fe cycle costing the principal objective in this phase is to evaluate alternative method
fic functional requirements and ot to optimize the defined system solution. An impor
e life cycle costing activities.in the ‘Define’ life cycle phase is to stop the evaluation w
preferred concept or solttion is found to a specific functional requirement instead
hize that concept or solution.

xample, if LCC analysis during the ‘Select’ life cycle phase identified the provision
latform as an issuie (either a risk item or cost driver), then work in the life cycle ph
udes when waste heat evaporation is identified as the solution. It will then be the obj
costing adtivities during the life cycle phase ‘Execute’ to develop and optimize the
prationselution.

work ‘'will require input from operator, contractor and vendor, irrespective of the

ntent of the
lecisions on

5 of meeting
tant feature
fork as soon
of trying to

of water to
ase ‘Define’
ctive of life
waste heat

contractual
erience and

1geéments. The operator's contribution is the provision of operating and support exg

data. It is likely that the contractor will undertake the majority of the work, and the vendor can assist in
the definition and evaluation of specific systems within their area of expertise.

B.5

Execute

B.5.1 Scope of work

The life cycle phase ‘Execute’ typically includes system engineering, detailed engineering, procurement,
fabrication, testing, installation and commissioning. The life cycle costing scope of work will include
system and equipment optimization within constraints defined during the life cycle phase ‘Define’, and
also support to change control and project managers assessing the impact of concessions to the relevant
economic evaluation measures.
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B.5.2 Contributions

The contractor's role should be to provide the system definition, maintain the overall facility
configuration and deal with integration issues. The vendor is often best placed to undertake the
majority of life cycle costing activity at this stage and should respond to functional specifications
provided by the contractor.

The majority of work at the construction, hook-up and commissioning stage is likely to be undertaken by
contractors. Vendors should assist in evaluating the impact of installation changes on the performance

predicted fo

During the &

operating aj
B.5.3 Life

During the

solutions se
from a smal
that offer th

The vendor

r their equipment.

\d support data.

cycle costing activities

ife cycle phase ‘Execute’, life cycle costing is concerned with optimizatieh of the sy
ected during the ‘Define’ life cycle phase. It is probable that the majority of LCC will
| number of processes and this is where effort should be concentratéd)It is these proc
e greatest potential for added value.

should be best placed for the optimization work in the life ‘eycle phase ‘Execute’,

ouse

stem
arise
bsses

with

assistance from the contractor. The contractor’s primary focus shotld be integration issues at the

facility leve
the contract

The vendor
and the con
systems arg
expertise sh

During this
would typid
potential im
of maintain
provide infd

One method|

busines

number

— product

The lead caf
rankings ca

including operations and maintenance strategy. Therédsa mutual dependence bet)
or and vendor at the system boundaries.

contribution to life cycle costing activities is deperdent on their life cycle costing capa
fractor might need to supply life cycle costing assistance in some cases. Vendors of cr
e likely to have been involved in earlier, phases. Where appropriate, life cycle co
ould be one of the criteria used in vendor-selection.

phase, careful evaluation of the selection of items which might have a low unit cos
ally be considered as “bulk” itemis’should be considered. Due to their prevalence
pact on maintenance loading, many of these items could contribute significantly to the
ng an asset and in many cases also contribute to lost production costs. Vendors can
rmation regarding the potential impact of their products on LCC.

of addressing this situation is to rank equipment according to the following items:
5 value;
of units installed;

ion unavailability contribution.

h@lso be used to make judgements on how many items to be subjected to life cycle co

ididates from each ranking criterion should be followed up and the systems optimized,

iwveen

hility
itical
sting

F and

and
» LCC
bften

The
sting

and focus the attention to equipment where Iite cycle costing 1s likely to have most benerit.

Where equipment has a high initial value, life cycle costing can reduce costs to the minimum consistent
with the required duty. Equipment with low initial value can also be significant if there are a large
number of units installed. Iltems such as compression fittings do not represent a large proportion of
the CAPEX, but can if they are of poor quality, lead to lost revenue, high downtime and significant
replacement costs. The third criterion is impact on production availability. From production availability
studies or based on previous experience, a ranking of the main production unavailability contributors
can be provided.

The major challenge for the contractor is to obtain commitment from the vendors to minimize life cycle
cost, particularly where optimization leads to a lower cost procurement solution, i.e. how to reward the
vendor for improved NPV. A potential solution is to increase the vendors' overall revenue by extension
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of their role, both into earlier (preferred supplier) and later phases (support). This issue is discussed in
Clause A.3.

It is at the life cycle phase ‘Execute’ that difficulties with lack of input data to support life cycle costing
will become most apparent. System level optimization requires more detailed operating and support
cost data and where a contractual commitment to support is required, increased uncertainty will
lead to higher risk premiums and higher prices. It is in the operator’s interest to make operations
and support data accessible to all who have a need to know. Deficiencies found can be translated into
requirements placed on the data collection systems established during the operating and support phase
(see ISO 14224:2016).

The
limit|

ing but not

L £ olaall H 1 i A | 1.E, ] + 1o o H 1
dl'CT d 1NuIliiucTl Ul \,uaucusco ITI DCICLLIIIS viIIUvulr S VUl d 111IT LyLlC CUSL UdoSIS, 1TICIUY

ed to:
bach vendor could have collected data on equipment performance in a differentway;

he performance of the equipment can be different in the proposed application;

In th
bein

he sample data on which performance predictions are made may, be very small
perational experience with new technology is yet limited).

e majority of cases, this means that data uncertainty is high if proposals from different
b compared. This should be considered in any analysis. Théaincertainty is reduced i

(e.g. also if

vendors are
[ alternative

ect vendors
after order

bment from the same vendor is being compared. The most.effective approach is to se
eir equipment range and their life cycle costing capability, and then work with then]
ment to optimize the equipment delivered for the specified application.

equij
on tH
placd

Regarding the construction, hook-up and commissiéning stages, life cycle costing in is
poli?iIi!ng activity, examining concession and change proposals to determine their impac
profitability. As there are likely to be a large nimber of minor concessions, some form o
scre¢ning is required to minimize unnecessary effort. Procedures should be established t
mingr concessions at the equipment level to'ensure they do not result in significant impact g
levelf Major problems encountered that result in schedule impact should be subject to life
assegsment to examine the trade-offs’ between rectification options, time and revenue.

primarily a
t on overall
[ filtering or
0 scrutinize
t the facility
ycle costing

B.6 | Operate

B.6.1 Scope of work

The work of this phase will include support for a wide range of studies covering all face
opergtion and support. Modifications to the facility may also involve LCC analysis. Similal
costing is also-applicable to life extension studies. If major modifications are involved, this
referfence to the issues considered above under the life cycle phases ‘Select’, ‘Define’ and ‘E»

ts of facility
'ly, life cycle
will require
tecute’.

B.6.2 ~Contributions

The work is carried out by a mix of operators, contractors and vendors depending on the scope of work,
contractual arrangements (who is responsible for operations and support) and the subject matter being
examined.

An important contribution of life cycle costing is to provide reliable information to future projects and
activities. Besides, the availability of operating history and expert judgment can make life cycle costing
activities much easier in this phase compared to the previous phases.
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cycle costing activities

Strategies for operation and maintenance are initiated in the life cycle phase ‘Select’ and developed and
implemented in subsequent life cycle phases. During the life cycle phase ‘Operate’, the role of life cycle
costing is to optimize these strategies and assist with the examination of change which can arise from:

problems such as obsolescence;
changes in production rates, water cuts or gas fraction requiring modification;

improved extraction techniques or new tiebacks that provide life extension opportunities;

proposd
monitof

compet

In all cases,
The cycle m
advance.

Where supy
can assist if
on broader
availability
life cycle ph

When comp
time extens
application

required we

B.7 Abar

B.7.1 Sco

The work i}
dispose of a

d cost improvement initiatives in areas such as maintenance optimization, con
ing and sparing strategies;

expiry ¢f in-service support contracts, leading to a need to re-evaluate, negotiate and.poten

h

the project cycle is repeated, going through the phases of ‘Select’, ‘Define’, ‘Execute

ort is contracted out, rewards may be tied to incentive schemes and life cycle co
valuing and defining the incentives. In addition, life cyclé gosting in operations may|
responsibilities associated with the provision of information to future activities
Df operating history and expert judgement can make life cycle costing during the ‘Opg
hse easier than in other life cycle phases.

aring life extension options, it is necessary to\align cost drivers with the output froy
on studies as described in ISO 20815:2018, €lause 1.24. Asset-specific data is crucial t
f life cycle costing for life extension decisions. So, planning the necessary data collect
11 in advance of the actual LCC analysis:

don

pe of work

1 this phase will typically include examination of when and how to decommissiorn
1, or part, of the asset.

B.7.2 Contributions

The work is

While the o

likely todbé carried out by the operator in conjunction with specialist contractors.

developme

btions relevant for the ‘Abandon’ life cycle phase have been considered early in the pr

ition

tially

, etc.

hy be accelerated, but in the majority of cases the change can be anticipated and planned in

sting
take
The

rate’

n life
o the
onis

and

oject
htion

nIE, there are differences between these options which will influence the economic evalu
measures Used i the trade-otf anatysis. Notwithstanding, CONSIdering these options in {ife Cycie co

will prevent cost surprises at the end of the asset's life.

B.7.3 Life

cycle costing activities

sting

The work carried out at earlier life cycle phases will have considered the options in this life cycle phase.
A basic disposal plan should have been agreed during the ‘Define’ life cycle phase, but timing, schedule
and final strategy should be decided in the light of actual production experience. The generic options are:

sellont

56

decommission the facility and dispose;

re-use the facility in whole or in part;

he asset (facility and field) as a going concern prior to the end of field life.
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It is also possible that these options are assessed against options to extend operating life. In comparing
these options, there are timing differences between the first two and sale of the asset. Where asset sale
is considered, life cycle costing can be used to investigate the cost, revenue and time trade-offs.

Where decommission and disposal is preferred, the life cycle costing techniques for evaluating disposal
options are based on selection of the best practical environmental option considering cost, safety and
the environment.
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Annex C
(normative)

Life cycle costing techniques

C.1 General

This annex

provides further requirements and information regarding life cycle costing techn

whereof some or several are to be applied when undertaking life cycle costing assessments.

assessment;
analysis.
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hows relationships between the three main elements of life cycle costing,i.e. CAPEX,

e factors (REVENUES or LOSTREV), for which estimation requires various quantit]
hniques that are described in Clauses C.2, C.3 and C.4. Figure\G<2 illustrates exan
considerations to minimize LCC and to create value for thecrelevant stakeholders
lue creation is achieved by balancing cost and revenue, not By purely addressing cost.
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NOTE

This is a reproduction of ISO 20815:2018, Figure 2.

Figure C.1 — Business model: Influence factors of production assurance on project economy
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Quality checking (validation) of CAPEX and OPEX cost data, with respect to economics as well as
technical and operational basis, is addressed in Annex D. Uncertainty considerations with respect
to CAPEX and OPEX cost data are addressed in Clause C.7. For quality checking of revenue loss (e.g.

prod

Hd

D o

C.2

C.2.]

Whe
and 4
defin
of de
costi
impg
fort

In or{der<ta’develop a consistent cost breakdown structure, ISO 19008:2016 shall be consi
clasgiifyying these agreed costs. This classification of cost is based on three primary facets (i

uction unavailability) reference is also made to ISO 20815:2018.

Often cheaper to build, means
more cost to run.

How much cost to spend
to save annual OPEX?

Q’
&
How do you estimate OPEX > O
for new equipment? 2
S

HSE and
Sustainability

avail

How much
upfront on ¢
which stay
runn

w much of the monthly
udget to spend getting
quipment back online?

Production availability (LOSTREV)

Production assurance

Figure C.2 — Examples of trade-off considerations to minimize LCC

CAPEX

| General

h evaluating the CAPEX(eélements in a life cycle costing process, it is of major importar
valuate cost data in astringent and consistent manner. The CAPEX cost elements shall
ition and content to-miake the comparison of CAPEX cost elements possible and releva
tail shall be decided and adapted to the life cycle phase and the subject matter for t
Ing comparisen./Using cost data in a consistent manner across the competing optiot
rtance to buyild quality into the results. The comparison should also include ranges of
e cost elemments relevant for the various life cycle phases of the project.

uch cost
end to

production

bility?

to invest
quipment
sup and
ng?

ce to utilize
nave concise
nt. The level
he life cycle
1S is of vital
uncertainty

dered when
e.resources

- COR; asset breakdown — PBS, and activity breakdown - SAB) thatl can be used To cat

infor

mation in a consistent manner.

Examples of CAPEX cost elements are:

© ISO

management cost;
engineering cost;

equipment and material cost;
construction cost;

transportation cost;
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installation cost;

sioning cost;

operational readiness cost;
modifications cost (e.g. due to facility extension, subsea tie-ins);

decommissioning cost.

In estimations for LCC comparison, the allocation of cost between CAPEX and OPEX may require
developing clear criteria in accordance with company governance rules.

Depending (Ln the life cycle costing subject matter, management cost should identify the allocatig

the differen

C.2.2 Tec

The use of
depend on {
that the CAJ
be selected
reliability) d
analysis can

The operati
cost elemen

C.2.3 Ded

Decommissi
comes in th
detailed lev
stages of thg

Examples of
— managg
survey

care an
enginee

demolit

L companies and stakeholders involved.

hnical and operational basis

CAPEX cost data for the technical facilities and relevant operationak assumptions
he technology and design, system configuration and equipment quality, etc. This im
EX cost data shall reflect the level of technical knowledge on such.matters and details
and adapted to the life cycle phase. For example, equipment with high quality (i.e. h
an have higher CAPEX, but lower OPEX. The use of sensitivit§zanalyses in a life cycle co
reveal differences and be beneficial for the decision support.

bnal issues can impact the CAPEX cost elements, but will in a larger degree affect the
[S.

ommissioning

oning canalso be considered as a separate project when the actual need for decommissid
e life cycle phase ‘Abandon’ (see Claus&B.7) and can then be regarded as CAPEX at a

] than when (and if) decommissioning was part of the life cycle cost estimation in the

e life cycle.

CAPEX cost elements for deCemimissioning projects are:
ment cost;

fost;

| maintenance/cost;

ring cost;

jon Cost;

n for

will
plies
shall
gher
sting

DPEX

ning

more
parly

transpgrtation cost;

site restoration cost;

scrap handling cost.

See further information in Reference [23].

C.2.4 DRI

LLEX

DRILLEX can also require attention in life cycle costing and will then normally be part of the CAPEX
element. Some drilling expenditures can also be part of the OPEX element, depending on the degree of
simultaneous drilling (or workover) and production. This requires careful consideration and, depending

on the subje

60

ct matter for which life cycle costing techniques will be applied, can vary.
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Examples of DRILLEX cost elements are:

ISO

The dIrilling expenditures which occur in the operating phase related to well cornstruction
or unplanned reservoir interventions, planned or unplanned downhole-well interventi
consldered in terms of whether they are to be regarded CAPEX or OPEX..For example, if a ¢
an existing well is made to increase production, this can be subject to‘life cycle costing to
an operation.

C3

C.3.
Whe

and

definjition and content to make the comparison of OPEX cost elements both possible and r
level|of detail shall be decided and adapted to'the life cycle phase and the subject matter for
costing comparison. Using cost data in.@ consistent manner across the competing optiof
impdrtance to build quality into the kesults. The comparison should also include ranges of]
for the OPEX cost elements relevant for the various life cycle phases of the project.

Examples of OPEX cost elements/are:

exploration well drilling cost;
appraisal well drilling cost;
production/Injection well drilling cost;
well completion cost;

well intervention cost;

rtgmovecost;
well abandonment cost.

19008:2016 also provides guidance on how drilling and well related costs are'covered.

OPEX

1 General

¢valuate cost data in a stringent and consistent manner. The OPEX cost elements shall |

operations man-hour'cost;
¢ost of consumables (e.g. chemicals and fuel);
¢ost of logistics;

¢nergy-cornsumption cost;

jﬁ.g. planned

s) shall be
ide-track in
justify such

h evaluating the OPEX element in a life cyclecosting process, it is of major importance to utilize

nave concise
plevant. The
the life cycle
1s is of vital
uncertainty

iinsurance cost;

maintenance cost (see also maintenance categorization in ISO 14224:2016, 9.6.2);
planned maintenance cost (preventive maintenance cost);
unplanned maintenance cost (corrective maintenance cost).

modifications cost (e.g. due to major equipment failures).

In estimation for LCC comparison, the allocation of cost between CAPEX or OPEX may require developing
clear criteria in accordance with company governance rules.
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C.3.2 Technical and operational basis

The use of OPEX cost data for the technical facilities and operational assumptions will as for CAPEX
depend on the technology and design, system configuration and equipment quality (reliability and
availability), but will also depend on e.g. integrity management, maintenance plan, repair strategy and

weather influences as in the examples below.

The equipment reliability performance will influence the OPEX cost data depending on, e.g. the

facility, location (downhole, subsea, remote, onshore), repair strategy and maintenance resources.
Life cycle costing can utilize information from production assurance analysis (e.g. production

availabi

lity analysis, system availability analysis and equipment reliability analysis).

Sparep
conjund
(see ISQ
used in

This implieg
shall be ded
higher relia
analysis can

The operati
the CAPEX ¢

C.4 Reve

C.4.1 Gen

When LOST]
shall be bro
concise defi
on how pro
etc. varies b
losses occur

Production
cycle costin
drilling timg

terms. The yincertainty should also reflect the life cycle stage when the estimate is given and life

period of pr
Examples of

cost of 1

Wrts (capital spares, operational spares) will also representa partofthe OPEX cost eleniel
tion with life cycle costing. The amount of spare parts will depend on a spare part€valu
20815:2018, Annex ) and the underlying rate of failure. Such spare part evaluation c
conjunction with life cycle costing.

that the OPEX cost data shall reflect the level of knowledge on such matters and dg

ided and adapted to the life cycle phase. For example, equipment(With high quality
bility) can have lower OPEX, but higher CAPEX. The use of sensitivity analyses in ar
reveal differences and be beneficial for the decision support.

bnal issues will impact the OPEX cost elements, but can also be reflected to some extg
ost elements.

nue factors (REVENUES or LOSTREYV)

eral

REV is used instead of full revenues foy each competitive option, the LOSTREV ele
ken down into cost elements in a different way than CAPEX and OPEX, but will still re
hition and content. The revenue loss-will typically be volume-based measure which de|
Huction capacity (which is a function of e.g. design and redundancies), reservoir prg
etween the competing options (alternatives). Revenue loss can also reflect cost when
(due to aborted or delayed-operations) and will then be a time-based measure.

hssurance predictionds a’key analysis technique for establishing the LOSTREV input 4
b analyses. The lostproduction volume from a production availability analysis (or e.g
e from a drilling@ig-availability analysis) shall be transferred and expressed into econ

bduction (praduction profile) being used.
LOSTREVelements are:

pst production — planned shutdown;

ntsin
htion
hn be

ptails
r (i.e.
LCC

nt in

ment
Juire
pend
files,
time

o life
. lost
omic
cycle

lost deli

cost of lost production — unplanned shutdown;
cost of lost operating time (e.g. lost drilling time, lost intervention time);

contractual penalties;

veries;

tax credit/debit.

IS0 20815:2018, Clause 1.19 gives further guidance on how to present production availability predictions
for use in conjunction with life cycle costing. There should be interaction between production assurance
activities and LCC analysis. The production availability for the selected option used in the LCC analysis
can act as tentative production assurance requirement (see also ISO 20815:2018, Clause B.1).
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An overview of cost and revenue factors to be considered in conjunction with the economic optimization
is shown in Figure C.1. These factors can be used to better prioritize and understand the production
assurance activities with respect to life cycle cost elements (i.e. CAPEX, OPEX, REVENUES and
LOSTREV).

C.4.2 Technical and operational basis

The LOSTREV cost data shall also reflect the level of technical knowledge on such matters and details
shall be decided and adapted to the life cycle phase. For example, technical facilities with high equipment
quality (i.e. higher reliability) will have lower production unavailability (implies higher REVENUES or
lower LOSTREV) and lower OPEX, but higher CAPEX. The use of sensitivity analyses in an LCC analysis
can tleveal differences and be beneficial for the decision support.

The ¢stimation of this LCC cost element, i.e. the lost revenue estimation, can be madg by:
— dimplified guesstimates;

— 1nodel-based estimation by use of production assurance and reliability management agtivities that
3lready might have been undertaken or can be done for the life cycle costing subject mattqr (see C.4.3).

C.4.3 Production assurance and reliability management activities

In the process of life cycle costing, the production assuraneé™and reliability activities jaddress the
asperts of operation and can provide a basis for establishing{he cost of sustaining a funcfion over its
lifetime.

The following analysis, methods and techniques can-bé relevant for providing input to tevenue loss
estimates (and for OPEX estimates) in conjunction with life cycle costing:

— Jproduction availability calculations (see IS©~20815:2018, Clause 1.5);
— gystem availability or equipment availability analysis (see ISO 20815:2018, Clauses 1.4 pnd 1.5);
— flailure mode effect and criticality-analysis (see ISO 20815:2018, Clause 1.2);
— 7eliability-centred maintenanee analysis (see ISO 20815:2018, Clause 1.14);
— T1isk-based inspection analysis (see ISO 20815:2018, Clause 1.15);

— st interval optimization (see ISO 20815:2018, Clause 1.16);

— gpare parts optimization (see ISO 20815:2018, Clause 1.17);

— liife cycle cost-analysis (ISO 20815:2018, Clause 1.19 reflects interaction with this docuinent);

— life time.extension analysis (see ISO 20815:2018, Clause [.24).

C.5 "Value engineering and function analysis

Value engineering and function analysis are techniques, which are particularly useful for the
identification of potential options and cost drivers (see 6.2 and 6.3).

Value engineering techniques study the cost and added value of each part of a system and compare added
values with required costs. Subsequently, it provides a method for reducing costs and improving value.

Function analysis is a technique used to identify and understand the needs of the project, product
or service. Function analysis supports creative problem solving by moving the focus away from the
expected solution and placing the focus on the required performance or need.
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By a systematic approach, the functions of a process or design are analysed to improve performance
(e.g. safety, quality and reliability) and reduce life cycle cost. By proper definition of the functions, it is
possible to create additional options with alternative solutions.

The technique focuses on the high-cost functions for the identification of options. It is important to
include all relevant stakeholders in such studies. Each study can be structured as follows:

information;
function analysis;

creation of additional options;

evaluat

develop

In function
establishes
then identif
ensure that
a first scree
developed b,

See further

C.6 Life ¢

C.6.1 Gen

Step 3 (ana
spreadsheetf
options. The

— for spa

on of options;
ment of selected options.

analysis, a multi-disciplinary team establishes the main functions of the\design and
the sub-functions for the main functions. The equipment items for eatch-sub-functio
ied and evaluated by the team. Option evaluation is normally carried out by iterati
evaluation does not affect the identification of options. Initial evaluation is carried out
ning on a qualitative basis. Remaining options after the first screening are evaluated
y undertaking the methodology of life cycle costing (see Cladse 6).

nformation in EN 12973:2020 and ASTM E1699-14:2020x

'ycle costing and economic model

eral

ysis and modelling) of the life cycle edsting process is described in 6.4. In most cas
model represents the most cost-efficient and flexible solution for analysing comp
re are instances where more complex models are appropriate, for example:

es modelling at system or equipment level, the optimization process aims at balancin

cost of holding spares against the-probability and cost of spare part shortage (see ISO 20815:]

Clause ]

for mai

.17);

htenance assessment-studies at system or equipment level involving multiple operg

repair

for det

In such cas¢
be develope

f

iled manpoweérassessment studies examining staffing, skills and resource requirements.

d stores locations;

s, proprietary LCC models may be used, or special high-level model or sub-level model
d speeific to the application.

In construc

then
h are
bn to
with
| and

es, a
bting

o the

2018,

ting,

may

ing life cycle costing and economic models for specific applications, the following i

sues

should be considered:

a)
b)

all cost data: how they will be normalized to a fixed economic base year;

be applied;

<)

d)
costs ar

e)
f)

64

removal of non-appropriate overhead rates;

e treated appropriately;

identification and isolation of taxes and credits;

identification and exclusion of committed costs;

inflation, discount rates, prices and exchange rates provided by corporate competent functions to

checking of manpower cost rates to ensure they reflect marginal cost of employment, so that fixed

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=19a7700411ee1e840fda26885e8e0195

ISO 15663:2021(E)

g) expenditure and revenue profiles to be applied.

When developing a specific LCC model, the need for subsequent sensitivity analysis and further
iterations shall 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 (e.g. the ability to vary all CAPEX cost elements 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 LCC model
will reduce the probability of computational errors and too high uncertainty in results when these
compromises are made.

The planning of LCC analysis and documentation of an LCC analysis report can also bengfit from the
guidance given in ISO 20815:2018, Annex D.

See glso Reference [22] for further information regarding financial theory.

C.6.2 Discounting and other modelling aspects

C.6.2.1 Discounting

Discunting is a technique for converting different cash flows appedring at different points in time to
comparable amounts at a specified point in time. The period used for discounting (monthly, quarterly,
annual) shall be determined, taking into consideration the need to compare options (see C.p.2.2).

An amount of money today is worth more than the sameé.amount of money received in thle future, i.e.
mongy has a time value. Income and costs related to différent activities at different points intime during
the life cycle should be compared on an equal basis, All future incomes and costs for each ydar in the life
cycld are discounted to the value today. After the'cash flows are discounted, the different[alternatives
are gvaluated from the sum of these as if all incémes and costs happened at the same pointfin time.

The nodel should discount future costs atid revenues back to today’s value.

The general formula for discounting to present time a future cash flow at time t is mathematically

expressed in Formula (C.1):

g = Tt (C.1)
v (1+d)t .

wherte

Npy  is thenet present value (NPV);

I, isthe net cash flow at time period ¢t (cash inflow minus cash outflow);
i is the time period (e.g. t=3 to represent year 3);
d is the discount rate.

C.6.2.2 Discount rate

The discount rate is the rate used in discounted cash flow analysis to determine the current value of
future cash flows. The discount rate used determines how costs during operation are balanced against
the investment.

Figures C.3 and C.4 show the effect of using different discount rates for balancing an annual constant
OPEX of 10 million MU over 25 years against an initial investment of 120 million MU occurring 2 years
before start of operation.
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Figure C.3 — Effect of discoulg\?éte on OPEX over time
xO
Figure C.3 shows how the discounted OPEX de‘v\gb'ps during operation with different discount ratgs.
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Figure C.4 — Effect of discount rate on weighing of OPEX
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Figure C.4 shows the discounted sum of OPEX over the lifetime against the initial investment. At a rate
of 12 % the OPEX is only 50 % of the initial investment, while at a rate of 0 % it is more than double the
initial investment. This illustrates the importance in use of the discount rate.

Other factors that can impact the economic calculations are inflation and taxation. It should be
considered whether to include inflation or not, and if calculations should be pre-tax or after-tax, in
accordance with the company competent functions.

Inflation may be accounted using nominal method and real method:

— The nominal method principle is to discount yearly cash flows (costs and REVENUES/LOSTREV),

In nd
calcy

The

pre-
are 1]

it is

infla

C.6.2

The

start
evaly

1y
2)
3)

For 1
metH
but ¢

Tools
be b

vhich contain the effect of the yp;n‘ly inflation (i e_nominal cash ﬂn\/\rc), ncing nomi

nal discount

fate. Nominal discount rate is used for discounting a nominal cash flow that includeshr

The real method principle is to discount yearly cash flows, that do not contain the effec
i.e. real cash flows), using real discount rate. The real discount rate is calculated, as a si
yalid when inflation rate is low, as the nominal rate less inflation (e.g. if nominal rate is
inflation is constant at 2 %, the real rate is 4 %). Real discount rate is used for discoy
¢ash flow that does not include inflation.

rmal practice, the nominal method principle is preferred, since the Teal method princ
lated only when the inflation is constant in each year of the timeé period under considd

mplications of the fiscal regime should be evaluated. Ranking of alternatives can b
ax/after-tax calculations dependent on tax regime. For.the larger decisions, after-tax
ormal. For the smaller technical decisions, pre-tax €alculations are normally sufficie
n line with corporate methods. When calculatingzafter-tax, the cash flow should be
fion and the discounting nominal rates.

]

.3 Life cycle costing evaluation levels and tools
evaluation methods to be used throughout the field development should be establ

jations are:

q

implified calculation and discounting models;
discounting models;

¢conomic assessment.

ods. Most technical decisions are very small. They are often not considered to be form
verythidg done in relation to design has economic consequences.

hsed on the individual needs of the problems being investigated. For most cases, a

of the project to ensure consisten¢y throughout the project. The main levels of life ¢

host small preject decisions, the first two are sufficient, provided they are aligned wit

available range from simulation models to simple discounting. The selection of {

flation.

[ of inflation
mplification
6 % and the
nting a real

ple is easily
ration.

e altered by
calculations
nt, provided
adjusted for

shed at the
ycle costing

h corporate
al decisions,

ools should
tailor-made

spreadsheet model 1s easily developed and more than sulficient for the problem at hand.
auditing and tracing the calculation flow should be considered.

C.6.2.4 Analysis and evaluation

When performing an analysis, the focus should be on:

a)
b)
‘)
d)

identifying the design difference between alternatives and their economic impact;
identifying the cost drivers and seeking to reduce these;
involving discipline engineers to qualify input and results;

evaluating sensitivity of the results towards the input parameters;
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The key is to keep life cycle costing as uncomplicated as possible.

The reason for analysis and evaluation being split into separate tasks apart from sensitivity analysis
is to emphasize the need to check the results when they are first produced. The results should not be
taken at face value.

The output from the analysis will be a ranking of the options in accordance with the economic evaluation
measures specified, and a summary of the life cycle cost or the life cycle cost differences, identifying the

cost drivers

Evaluation of the analysis consists of checking the differences and finding out why they occur, if they

ance

are logical a
with expect

C.6.3 Eco

C.6.3.1 G¢g

dcanbe pr]ninpd In addition the total cost picture is checked tosee ifitisin accor
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homic evaluation measures
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This subclafise provides a basic knowledge of economic evaluation measures,to_functions involy|

life cycle co
to corporatg
as instructi
utilized.

ting, in order to better understand the results of the evaluation as\performed in accord
competent functions methods. Therefore, the general methods-described are not inte
ns of how an economic model with calculation and economic'scenarios should be buil

The assumpitions (e.g. technical and operational basis) for the cost€élements shall be defined for u

the calculat
The followiy
a)
b) the iten

the agrd

Alternative
However, th|
criteria.

The weaknd
the individy
mixed with

The method
within that

The followir
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ons.
1g should be applied in the life cycle costing model:

ed economic evaluation measures should.healigned with corporate governance meth
s selected for sensitivity analysis (see Clause C.7) should be identified.

simplified economic evaluation(methods can be applied in the life cycle costing pro
e individual methods should be applied in a manner consistent with corporate policy

sses of the alternative methods applied should be taken into account. The decision ru
al methods (applied for the project specific LCC analysis of competing options) may n|
the corporate decision criteria (used in project and company economics, see Figure 1).

s are usually)developed with a set of assumptions and the decision rules that work
Frameworky

1g econiomic evaluation measures are described in the subsequent subclauses:

entvalue (NPV);

ed in
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life cycle cost (LCC);
internal rate of return (IRR);
profitability index (PI);
payback period;

break-even volume;
break-even price;

capital efficiency index (CEI).
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EXAMPLE When applying NPV in a normal situation with limited amount of capital for investment, a ranking
of options with positive NPV is required and a decision is needed taking into account other company policies,
such as impact on HSE and sustainability (see 4.3.2, 4.3.3, and Clause C.7).

C.6.3.2 Net present value

The net present value (see 3.1.30) is applied to evaluate the desirability of an investment. NPV is
calculated using Formula (C.2) or Formula (C.3):

Fl FZ F3 Fn
Npy =F,+ + >+ gt (C.2)
(A+d) (1+d)* (1+d) (1+d)"
or
N (C.3)
PV~
tho (1+d
whertte
Npy  is the net present value (NPV);
I, is the net cash flow at time period t (net cash flow is-the algebraic sum for each|time period
of cash inflow minus cash outflow);
Iy represents the net cash flow at time ¢t=0 (i.e. when the decision is taken for initiallinvestment,
see 3.1.20);
i is the time period (e.g. t=3 to representyear 3);
d is the discount rate;
1 is the number of time periods-(€:g. n=20 to represent a lifetime of 20 years).

The NPV of a project is derived from discounting the net cash receipt at a discount rate which reflects
the value of the required rate of return or alternative use of the investment funds or WA(QC, summing
then] over the lifetime of the prpject. The time of initial investment (t=0) should be the goint in time
when the decision is taken.

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

r return on
ied. This rate

quity.

The NPV of a project depends on the discount rate applied. This can be visualized as an NPV profile as
illustrated in Figure C.5.
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Figure C.5 — NPV as a function of discount rate applied (NPV profile)

C.6.3.3 Life cycle cost

particular of the revenue stream cannot be related to.the objects under evaluation. Through minimlizing
the total cogt of an asset or of a function, where imipact on the revenue stream is taken into account as
a cost (by imcluding lost revenue as an element in the evaluation), asset value can be maximized in a
consistent hanner. LCC calculations are thetefore applied to align technical decisions with corpgprate
objectives.

The measurje of life cycle cost (see 3.1.24) is applied fofranking the desirability of options wh% any

The formula for discounting to be applied is the same as for calculating NPV [see Formulas (C.2} and
(C.3)]. Differrent assumptions can be.applied, and LCC is therefore defined as a separate measure.

LCC is the dlscounted sum of:
— CAPEX;
— OPEX;

— LOSTRHV.

CAPEX should” cover the relevant investment from discovery through appraisal, enginedring,
construction and commissioning including modifications until normal operations are achieved. See
also Clause C.2, which includes examples of CAPEX elements.

OPEX should cover the relevant costs over the lifetime of operating and maintaining the asset. See also
Clause C.3, which includes examples of OPEX elements.

LOSTREYV (lostrevenue reflecting revenue impact) should cover the relevant impact on the revenue stream
from planned and unplanned events leading to production shutdowns, planned shutdowns and penalties,
etc. Only effects from the specific asset or system alone should be considered. See also Clause C.4.

Decommissioning cost should cover relevant costs of abandonment of the asset, if there will be
such a cost difference between alternatives evaluated. See also C.2.3, which includes examples of
decommissioning (CAPEX) elements.
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The elements to be included and calculated, should reflect the level of detail necessary for providing
robust decision support.

Sunk cost, which are not relevant for the decisions to be made, should not be included in the calculations.

C.6.3.4 Internal rate of return

Internal rate of return (see 3.1.21) is another time-discounted measure of investment desirability as
mathematically expressed in Formula (C.4):

F,
=3 ;| (C.4)
o A'ﬁ)(1+dR )t

wherte

Npy  is the net present value (NPV);

I, is the net cash flow at time period ¢;

qr is the internal rate of return (IRR);

i is the time period (e.g. t=3 to represent year 3);

1 is the number of time periods (e.g. n=20 to represent a lifetime of 20 years).

IRR dhows how high the requirement for return on investment can be for the project to be stifll profitable.
It finds the expected return on investment in the project.

The d¢lecision rules associated with the IRR methedare as follows:

— 1vhen IRR exceeds the discount rate, the project gives a higher return on investmgnt than the
required minimum and can be accepted;

— hen IRR is less than the discount rate, the project gives a lower return on investment than the
fequired minimum and can be rejected.

The hormal decision rule is that'an option which requires additional capital should only be selected if
the IRR is greater than the hurdle rate or discount rate specified in the acceptance criteria.

The method of IRR is closely related to NPV. However, the methods can give different results when
evalyating options against each other. This is visualized from two investment alternatives, represented
as NPV profiles in’Figure C.6.
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Figure C.6 — NPV profiles of two alterndtive investments

presentation of investment alternatives, itieah be derived that:

give a different ranking of alternatives by using different discount rates if the pattern ¢f the
W varies.

nt has a net cash flow thatfluctuates between positive and negative will have severall IRR.
bfile will cross the axis(at zero several times as illustrated in Figure C.7. Where therg are
5 of return, this economic evaluation measure is not a good basis for decision.
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Figure C.7 — NPV profiles of a cash flow fluctuating between positive and negative

C.6.3.5 Profitability index

A variant of the economic evaluation measure NPV is the profitability index (see 3.1.35).
The Pl is defined as the NPV of the project divided by the discounted CAPEX, as given in Foimula (C.5):
N,

PV
,=—FV (€.5)
CPV

—

wherte

I is the profitability index (PI);
Npy  is the netpresent value (NPV);
(py is thepresent value of CAPEX (discounted).

In thie case'ef'independent projects, the PI and the NPV economic evaluation measures yig¢ld the same
acceptance/rejection decision. PI can be an efficient economic evaluation measure for pifioritizing of
alternatives if there are bottlenecks.

C.6.3.6 Payback period

The payback period (see 3.1.32) is a simple method for determining a project's desirability, based
on the number of years required to recover the investment from the project’s future cash flows, see

Formula (C.6).
Ypp =Y, =Y} (C.6)

where
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Ypg  isthe payback period;
Y, is the year in which the cumulative sum of net cash flow is greater than zero;
Y; is the year in which income starts.

When the cash flow fluctuates over time, the payback period is calculated by summing the cash flow
until the year in which the cumulative cash flow become positive and the investment is covered.

C.6.3.7 Break-even volume
The break-dven volume (see 3.1.4]) is the production volume or any volume that generates indome,
where revenues and costs balance, i.e. where Npy, = 0.
The most cpmmon application is determination of minimum sales volume required for generpting
positive netfrevenue.
C.6.3.8 Break-even price
Break-even price (see 3.1.3) is typically expressed in break-even price per unit‘quantity of produrtion
(e.g. volume} weight, energy), depending on the main product (e.g. oil, gas o¥'the combined break{even
price per oillequivalent, LNG, petrochemical products).
For oil and gas, differentials for the given quality of the product shotld be reflected in the break{even
calculations| to make it comparable with the market price. Oik.and gas differentials are quality and
transportatjon price differences between the product from theproject and the market price.
When combjned break-even price is made, then the conversion factors used for the calculation shall be
documented, since such conversion factors can vary depénding on the main and associated produdts.
For examplg, as given in Formula (C.7), cost per standard barrel of oil is a method for determining the
lowest realifed oil price (not market price) a field-development project can withstand and still cover all
its life cycle|cost.
(Cby +0py )
2 PV
Upy=—Ft~—— (C.7)
QPV

where

Upy i the break-even price as the present value of the cost per standard barrel of oil;

Cpy ik the presentvalue of CAPEX (discounted);

Opy ik thepresent value of OPEX (discounted);

Qpy  ip the present value of the expected total production (discounted).

CAPEX and OPEX represent the discounted total cost of investments and operation for the project's
life cycle. Expected total production represents the discounted production according to the economic
lifetime.

The method of cost per standard barrel of oil can provide a measure of the robustness of options, but is
insufficient to determine which option is expected to be most profitable.

C.6.3.9 Capital efficiency index

Capital efficiency index (see 3.1.6) can be calculated to illustrate the value creation relative to capital
exposure. CEl is similar, but somewhat different than PI. Pl is used to rank project/option when invested
CAPEX is the bottleneck by calculating the project that gives the highest value per invested unit, while
CEI does the same but has the negative cash flow after tax as the bottleneck. CEI is given as NPV of
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project after tax divided by the absolute value of the NPV of cash flow after tax until the point where
annual cash flow becomes positive. As long as there are constraints, there will be a need to prioritize
between investments. CEI can be used to measure value creation relative to capital constraints.

The CEI, as mathematically expressed in Formula (C.8), is defined as the NPV of the project divided by
the absolute value of the NPV of cash flow after tax until the point where annual cash flow becomes

positive, that is:

N
jp—'A (C.8)
CE
[Foy |
wheife
Icg is the capital efficiency index (CEI);
Npy  is the net present value (NPV);
|FPV | is the absolute value of the net present value of cash flow after tax until the point where annual
cash flow becomes positive.
C.7 | Environmental aspects
This|clause provides some additional guidance with respect'to life cycle costing, when enyironmental
asperts are part of all or some of the competing options.
Guidpnce on cost-benefit analyses to assess envirénmental damage costs and enyironmental
benefits are described in ISO 14007:2019, 7.1.2, and cover all type of environmental gspects (see
ISO 14001:2015, 3.2.2).
The principles of life cycle costing will also apply to such subject matters.
Abatpment cost (see 3.1.1) can be part.@blife cycle costing to cover environmental aspecfs. Avoided/
remqgved CO, emissions is the most usual parameter to calculate abatement cost, but the methodology

can

chenf

cost

The

for t
emis
used
used

C.8

yary and can also be used for.other avoided/removed emissions such as NO,, oil
icals. In order to comparethe abatement cost of different options, the abatement u
per weight or volume offemissions) can be utilized as performance indicator.

hbatement unit cost-is-calculated as the NPV of the abatement cost (excluding saved fe
he avoided emissiom, e.g. CO, taxes) divided by the discounted amount of the avoid
sion quantity {€)g” tonne). The discount rate used for avoided/removed emissions is
for the calctdation of economic measures (e.g. NPV). As discount rate may vary, the d
shall be decumented if such calculation is done as part of life cycle costing.

q

Considerations for uncertainty and sensitivity analysis

in water or
hit cost (e.g.

bs and taxes
ed/removed
the same as
iscount rate

Having established that the initial results are reasonable, consideration of uncertainties and sensitivity
analysis aim to provide the basis for reducing the number of options and improve confidence in those

goin

g forward, for implementation or for further evaluation.

Uncertainty shall be evaluated in relation to:

a) theinputdata;
b) the results;
c) the ranking of competing options.
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In addressing how uncertainties can affect the estimates, the following input categories should be

considered:

a)
b)

cost, such as manpower rates, equipment costs, overhaul cost;

capacity, hydrocarbon field size;

c)

d) econom

project plan, such as time to first oil, production time scale;

ic factors, such prices, taxation, discount rate.

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

Further guiflance on handling data uncertainty with respect to new technology 1s given in Clause

The uncert]

analysed angd, if possible, quantified. Variations in performance measures, for different,tine pe

under defing
of the inpuf]
this variabil
involved.

Sensitivity
alternative {

Sensitivity 4
produces on
value of the

The uncertd
input data of
prediction i

Stochastic
determining
upper and |
schedule, re

A possible u
options is s
overlap in t
better than

sampling techniques are usually applied in LCC analysis, through industry tool

hinty related to the value of the predicted input, with performances measute,“ca
bd framework conditions, and available statistical data are used to determinethe varia

ity should be analysed and validation of the result is done by quantifying the uncert

hinalyses should consider uncertainties in the most important-input parameters, su
issumptions, variations in production or costs, alternative systém configurations.

inalysis can be performed changing one input parameter at a time to see what effec
the result, e.g. assuming a plus and minus percentage-value from the most likely estiny
parameter or considering the effect of the parameterworst, base and best case.

inties and risks quantification can have the form of a probabilistic distribution fo
r a measure of the spread of this distribution;{e.g. type of distribution, standard devig
hterval).

I the corresponding probability distribution and outcomes, like the mean values along
pwer bound (e.g. p10 and p90)\These techniques are effectively applied to predict
servoir production profiles, production availability, economics, etc.

ncertainty probabilistie-distribution result in life cycle cost comparison of two comp
nown in Figure C.8. Option A has the lowest mean expected life cycle cost, but there
he possible life cyelereost range distribution which indicates that option B could be
pption A.
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Figure C.8 — Potential result range of competing options A and B

A pidture of LCC for option A minus LCC for option B is shown in Figure C.9.
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Figure C.9 — Possible range in difference in results, option A minus option B

When evaluating the range of possible results, this distribution can be derived by subtracting the result
of option B from the result of option A. This difference between options can then be visualized against
the probability of occurrence.

When LCC of option A minus LCC of option B is less than 0, then option A is best. Initially there could
have been a relatively high probability of the opposite. 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.
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The overlap in the potential range of results of the competing options is evaluated in terms of the
probability that the ranking of options could be reversed. When investigating which parameters lead to
the uncertainty and neglecting those that give the same effect to all options, the overlap is reduced and
the uncertainty in the results is decreased.

A simplified way to estimate the uncertainty in the results assumes that the cost and revenues
elements are independent and normally distributed. The standard deviation is then calculated using

Formula (C.9):

m
— 2
or= E e (C.9)
where
O is the total standard deviation for the m cost elements;

o is the standard deviation for cost element e.

e

When using Formula (C.9) after evaluating two competing options A and B and finding that A hajs the
lowest LCC, the result is indicated reliable when the mathematical expression‘given in Formula (C.10) is
fulfilled:

Loc Ao +Gp <Lecp—Op (£.10)

where

Lee a5 the life cycle cost of competing option A;
Leep i the life cycle cost of competing option B;
Oy is the total standard deviation for the life cycle cost of competing option A;
op is the total standard deviation fot the life cycle cost of competing option B.

The approach outlined is only one example and gives a rough estimate. An example of how to usg this
approach is presented in Annex E.

The quality pfthe resultis a refleCtion of the quality of the input data. The acceptable level of uncertpinty
is dependent on the objective ofthe life cycle costing.

Guidance on treatment of\tncertainty in analyses is also provided in ISO 20815:2018, D.3.7.
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(informative)

Data input

D.1 General

This|annex provides guidance on all aspects related to the establishment of data used in life cycle
costing activities (see Step 2 in 6.3). Examples of cost elements to help the user in ¢ensidefring aspects
of cdsts associated with CAPEX, OPEX and revenue factors (REVENUES or LOSTREV) are shown in
Tablg¢s D.1,D.2, D.3, D.4 and D.5.

D.2 | Data input framework

D.2.1 Technical and operational basis

The fechnical and operational basis provides an important framework and input for the I.CC analysis
and yill be part of the reporting of the LCC analysis.

The key features of the competing options should be described, or documentation referepced for the
techmical and operational aspects that are consideredto influence the results of the LCC analysis and
that are required to identify the subject matters insthe analysis.

Techhical and operational basis will require information such as:

— Iescription of the installation/plant;
escription of relevant equipment characteristics:

+ for equipment data common to any equipment class, see 1ISO 14224:2016, Table 3 for further
information;

1+ for equipment specific data, see associated tables in ISO 14224:2016, Annex A [for relevant
equipment classes.

— {fechnical infepmation related to the subject matters in the LCC analysis (e.g. design basif, piping and
instrument@ation diagrams and process flow diagrams);

— production profiles;

— o¢perational and maintenance strategies.

The level of details for the technical and operational basis description will also depend on the associated
cost data in the LCC analysis, which will be established (and documented) separately as described in
D.2.2toD.2.4.

D.2.2 Datarelated to cost elements and cost drivers

A key task within life cycle costing is to define the cost drivers, i.e. the major cost elements (see 6.3.2).
The cost drivers vary depending on the subject matter and will require information accordingly.

The major cost elements are items within CAPEX, OPEX and LOSTREV. A cost driver can be one
dominating cost element or a combination of cost elements. The aim is to identify the minimum
number of cost drivers needed to discriminate between the competing options and to reduce the effort
associated with the remaining cost elements.

© IS0 2021 - All rights reserved 79


https://standardsiso.com/api/?name=19a7700411ee1e840fda26885e8e0195

ISO 15663

:2021(E)

For the purpose of establishing data input, it is important to consider topics such as:

— which cost elements are important for the comparison;

— how the costs are to be applied and calculated in the model;

— how sensitivity analysis will be accommodated, with focus on the cost elements and cost drivers;

— the sources of the data, access to data needed;

— data quality and confidence range of the data;

— time an

The focus W
options. Co{
costs, which

By having 4

L£L de - - =l e
H CITUT LS TIT CUITPHITT S LHE Udid.

hith respect to data selection should be on the main differences between the cemp
t elements that are common for all alternative options can normally be excluded.
are not relevant for the decisions to be made, should not be included in thecalculations.

structure, the user will obtain quality in the cost data and the LCC analysis.

Examples off
on informat|

Table D.1 — Examples of CAPEX related cost elements

bting
Sunk

systematic approach for establishing the data, and by using a defined’cost breakdown

cost elements to be evaluated as cost drivers are provided in the ,Tables D.1 to D.5. Guidance
jon related to cost breakdown structure for associated cost elefents is provided in D.2.4.

Cost element P

Comments

General @

Management cost

Equipment cost

Material cost

Engineering cost

Construction cost

Transportation cost

Installation cost

Commissioning €ost

Operational preparedness cost

Specify the relationship to OPEX

Decommissioning cost If life cycle costing is done in thq life
cycle phase ‘Abandon’, a sub-divisi¢n of
decommissioning cost may be required, see
Table D.2.

Drilling expenditures If need for sub-division of drilling
expenditures, c.f. Table D.3.

a  See Clause C.2 for further information.
b [f CAPEX fostelements are considered in accordance with ISO 19008:2016, cost elements will be expressed as cost ifems.

80

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=19a7700411ee1e840fda26885e8e0195

ISO 15663:2021(E)

Table D.2 — Examples of decommissioning related cost elements

Cost element

Comments

Decommissioning 2

Management cost

Survey cost

Care and maintenance cost

Engineering cost

Demolition cost

Environmental requirements clean-up cost.

Transportation cost

Cade " b ™
JILT TTOSLUL AtIUIT LUST

Scrap handling cost

Environmental requirements dlean-up cost.

a  Yee C.2.3 for further information.

Table D.3 — Examples of DRILLEX related cost elements

Cost element

Comments

DRILLEX @

Exploration well drilling cost

Appraisal well drilling cost

Production/Injection well drilling cost

Well completion cost

Well intervention cost

The type of well intervention should be
specified with respect to [planned or
unplanned reservoir related interventions,
subsea well intervention, etc.

Rig move cost

Well abandonment cost

Relationship to decommission|ng cost need
to be specified.

a  §ee C.2.4 for further information:

Table D.4%*— Examples of OPEX related cost elements

Cost element

Comments

Gengdral 2

Opérations man-hour cost

Cost of consumables and spares

Cost of logistics

Energy consumption cost

Insurance cost

Maintenance cost - planned

Maintenance cost - unplanned P

Production availability, system

availability and/or reliabitity analysis will

provide information; see C.3.2 and C.4.3.

a  See Clause C.3 for further information.

b Type of planned and unplanned maintenance activities are defined in ISO 14224:2016, 9.6.2, and should be considered
when establishing data input.
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Table D.5 — Examples of LOSTREV related cost elements

Cost element Comments
General 2 Cost of lost production —|Lostrevenue.
planned shutdown P
Cost of lost production —|Lostrevenue.
unplanned shutdown P
Cost of lost operating time ¢4 Lostdrilling time, lost intervention time, etc.
Contractual penalties Such cost element will depend of the
contractual framework and type of subject
mattar
Lost deliveries The type of lost deliveries depends on the
product and/or operation for. Wwhich| LCC
analysis is performed and coulddiffer from
costoflost production (planhed/unplanped).
Tax credit/ debit This cost element will bethieeded depending on
subject matter for which\.CC analysis is flone.
a2  See Clauge C.4 for further information where the relationship to production availability; system availability apd/or
reliability andlyses are given.
b Productign loss categories are defined in ISO 20815:2018, Tables G.1, G.4, G.5 and G.6.1S0/TS 3250:—M also proyides
further details and format for production loss categorization.
¢ ISO 2081p:2018, Table G.2 defines time loss for a drilling rig, and ISO 20815:2018, Table G.3 defines time loss fpr an
upstream insfallation and intervention vessel.
d  Special data considerations are needed for non-operator organizations,

D.2.3 Infd

The inform4
should be ad

All main co
LOSTREV),

The cost ele

a)
b) the way

the way

Costdatam
availability
pressure ve
section/sysf
in the case

rmation needs for cost breakdown structure

tion needed for the establishment of the-cost breakdown structure for life cycle co
Japted to the subject matter and the organizational capability of providing data.

5t elements should be considered,ie. CAPEX, OPEX, and revenue factors (REVENU}
hs also shown in Tables D.1 to D.5.

ments should be structuredtaking into account:
in which costs are acquired and recorded;
cost elements arecalculated.

hy be assembled’on different levels of the applied taxonomy structure depending upon
and quality~Data may be gathered at the equipment class level on pumps, compreg

em level (e.g. instrument air and chemical injection) or at the higher level of plant/un
f réplicating a previous installation or system.

sting

ES or

data
Sors,

5sels, ett from previous projects or directly from vendors. Data may be collected at the

it, as

ISO 14224:2016 has an example taxonomy classification system used for reliability and maintenance
data for equipment, as shown in Figure D.1. ISO 14224:2016, Table A.3 provides a table of 97 systems
within upstream, midstream, downstream and petrochemical business categories. ISO 20815:2018,
Annex G provides a format for presenting production loss categories for lost revenues. ISO 19008:2016
has a classification system used for standard cost coding, where PBS and COR address taxonomic levels
asin same Figure D.1. The use of these taxonomy coding structures in conjunction with life cycle costing
should be considered. ISO 19008:2016 applies especially for CAPEX and OPEX data (see 6.3.2).
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