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Standard Guide for

Evaluating Economic Performance of Alternative Designs,
Systems, and Materials in Compliance with Performance
Standard Guides for Single-Family Attached and Detached
Dwellings *

This standard is issued under the fixed designation E 2156; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

INTRODUCTION

This guide on economics is part of a set which together presents a complete performance guide for
specifying and evaluating single-family attached and detached dwellings. The complete set in the
series, when finished, is to include the following attributes:

A Structural Safety and Serviceability
B Fire Safety

C Accident Safety

D Health and Hygiene
E Indoor Air Quality

F Light

G Acoustics

H Durability

| Accessibility

J Security

K Economics

L Functionality

M Aesthetics

N Adaptability

O Maintainability

P Sustainability

The series provides a framework for specifying and evaluating qualities of building products and
systems to meet user needs without limiting ways and means. The format for this series of standard
guides includes performance statements that consist of four components—Objectives, Criteria,
Evaluation, and Commentary (O-C-E-C)—which together provide a systematic performance-based
approach for the intended purpose.

Each standard guide in the set presents a collection of information and a series of options available
to the specifier. The standard guides include examples of performance statements that may be used for
the specification and evaluation of residential designs, materials, products, components, subsystems,
and systems.

1. Scope cations, practices, adjuncts, and computer programs that imple-
1.1 What This Guide DoesThis guide helps designers, ment_the appropriate ecqnomic method to evaluate these
builders, home owners, and other stakeholders to identify anfenefits and costs in making technology choices. The focus,
evaluate benefits and costs in order to make efficient choicd3®WeVver, is on a nine-step process for using two ASTM
between two or more traditional alternatives and betweeiractices—life-cycle costing (LCC), E 917, and the analytical
traditional alternatives and new-technology products, systemdlierarchy process (AHP), E 1765—to measure and evaluate the

materials, and designs. It directs the users to ASTM classifieconomic and overall performance of investments in single-
family attached and detached dwellings. This guide contains

three appendixes. The first two are designed to help users

* This guide is under the jurisdiction of ASTM Committee EO6 on Performance'den“fy.a_-nd gvaluate ber_]ef'ts and costs. Appendix X1 clontgms

of Buildings and is the direct responsibility of Subcommittee E06.66 on Perfor-a classification of benefits and a methodology for estimating
magce Sta”‘i_‘j?_fds for DW&'(';”JQS- 16, 2001, Published S e 2001 these benefits. Appendix X2 contains a classification of costs
urrent edition approved June 10, 2001. Published September 2001. and a methodology for estimating these costs. Appendix X3

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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illustrates how to evaluate the economic performance of three E 2136 Guide for Specifying and Evaluating Performance
alternative carpet materials, two traditional products and a of Single Family Attached and Detached Dwellings—
new-technology product, when considering the guide for du-  Durability?

rability. 2.2 ASTM Adjuncts:

1.2 Purpose of This Guide-The purpose of this guide isto  Discount Factor TablesAdjunct to Practice E 917
help users make cost-effective choices between traditional Computer Program and User's Guide to Building Mainte-

alternatives and new technologies permitted under perfor- .00 Repair, and Replacement Database for Life-Cycle

mance standards. This guid&) (explains how the lack of Cost Analysis Adjunct to Practices E 917, E 964, E 1057,
economic information discourages the introduction of new £ 1974 and E 1121

technologies;2) helps decision makers to identify and classify
the key types of benefits and costs associated with both new
technologies and traditional alternative8) hows how to
select alternatives that meet the performance standards, but
cost less than traditional alternatives; ad) $hows how to
incorporate nonfinancial information into the decision-making
process, enabling performance to be defined and using cosés Terminol
and other criteria. - lerminology

1.3 Re|ationship of This Guide to Other Performance Stan- 3.1 Definitions—For definitions of terms used in this guide,
dards Guides-In this guide, economic analysis is used to refer to Terminologies E 631 and E 833.
evaluate and compare the economic performance of traditional 3.2 Definitions of Terms Specific to This Standard:
alternatives and new technologies permitted under perfor- 3.2.1 building economicsn—the application of economic
mance standards for single-family attached and detacheanalysis to the design, financing, engineering, construction,
dwellings. Use this economic analysis guide in evaluatingnanagement, operation, maintenance, repair, ownership, or
alternatives permitted under any of the other 15 performancéisposition of buildings.
attributes, either singly or in combination. The objective of 3.2.2 performance statement—an essential part of a
economic analysis in this guide is to identify cost-effectiveperformance standard that addresses a specific element in a
choices among traditional alternatives and new technologieRierarchy of built elements, and consists of four related parts:
permitted under performance standards. The other 15 perfofbjective, criteria, evaluation, and commentary.
mance attributes define the scope of the economic analysis.3.2.2.1 objective, r—a qualitative statement of the perfor-
That is, cost-effectiveness derives from better economic valug'ance to be provided by the built element being addressed in
while providing comparable or better technical performanceorder to satisfy a particular user need.
for each attribute’s O-C-E-C performance statements. Conse- 3.2.2.2 criteria, n—quantitative statements defining the
quently, to evaluate the economic performance of alternativéevel or range of performance necessary to meet an objective
residential designs’ materia|3, products] Components] suley, where such a level or range cannot be established, the units
systems, or systems permitted under performance standard¥,measurement of the performance.
the user of this guide must first select one or more attributes, 3.2.2.3 evaluation, r—the method of assessing conform-
use the O-C-E-C framework to develop and present th@nce of the element being addressed to the criteria.
Corresponding performance statements, and identify the alter- 3.2.2.4 Discussior—The evaluation states the standards,
natives to be evaluated. Appendix X3, for example, evaluateiispection methods, analysis, review procedures, historical
carpeting with respect to the durability attribute and thedocumentation, test methods, in-use performance, engineering

Computer Program and User’s Guide to AHP/Expert Choice
for ASTM Building Evaluation Adjunct to Classifications
E 1557, E 1660 through E 1671, E 1693, E 1694, E 1700,
and E 1701, and Practices E 917, E 964, E 1057, E 1074,
and E 1765

economics attribute. analyses, models, or other means to be used in assessing
whether or not a criterion has been satisfied.
2. Referenced Documents 3.2.2.5 commentary, A-an informative narrative explaining
2.1 ASTM Standards: aspects of the performance statement.
E 631 Terminology of Building Constructiofs 3.2.2.6 Discussior—The commentary explains how the ob-
E 833 Terminology of Building Economiés jective relates to user needs in fields such as physiology,
E 917 Practice for Measuring Life-Cycle Costs of Buildings Psychology, and tradition; how the criteria are established,
and Building Systents including guides for setting different levels of performance to

E 1369 Guide for Selecting Techniques for Treating Uncermeet various user needs; and the reliability of the evaluation
tainty and Risk in the Economic Evaluation of Buildings method. The commentary also includes example solutions that

and Building Systents are deemed to comply with the performance statement.
E 1557 Classification for Building Elements and Related 3.2.3 provider, n—the individual or organization providing
Sitework—UNIFORMAT IR specific residential designs, materials, products, components,

E 1765 Practice for Applying the Analytical Hierarchy Pro- subsystems, or systems for acceptance under the performance
cess (AHP) to Multiattribute Decision Analysis of Invest- approach by the specifier.
ments Related to Buildings and Building Systéms 3.2.4 specifief n—the individual or organization using the
standard guides to specify and accept designs, materials,
products, components, subsystems, or buildings to be provided
2 Annual Book of ASTM Standardéol 04.11. by providers.
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3.2.5 user needn—a statement of the activities and behav- consistent with these practices are available. The Building
ior to be carried out in relation to the dwelling by its residents,Maintenance, Repair, and Replacement Database Program and
or other users, defined in terms of motor, kinetic, physiologicalthe Discount Factor Tables have been published (Adjuncts to
psychological, emotional, and other parameters of humak 917) by ASTM to facilitate computing measures of perfor-

behavior. mance for the LCC practice. The economic tools described in
o this guide apply to the evaluation of all the building elements
4. Significance and Use as described in the series of performance standard guides as

4.1 Why This Guide Is NeededThe lack of information on well as in the UNIFORMAT Il elemental Classification
economic consequences discourages the introduction of nelw1557.
technologies permitted under performance standards. The eco-4.5 Features and Limitations of Economic Toel&or a
nomic information needs are further complicated becausdescription of how to calculate the economic measures, how to
decisions to adopt or accept a new technology are made bgterpret them, and their limitations, see Practice E 917 for the
different types of stakeholders (for example, building materiald CC method and Practice E 1765 for the AHP method.
manufacturers, home builders, and home owners). Thus, the
type of economic information treated in this guide and the®: Performance Statements
associated standard classifications, practices, adjuncts, andd.1 Objective—Select the alternative (design, material,
computer programs covers the information needs of the entireroduct, component, subsystem, or system) that results in the
group of key stakeholders. best economic value while satisfying the technical performance

4.2 Use of This Guide by Specificers and Providef®  criteria of one or more performance attributes.
make efficient choices, decision makers require factual infor- 5.2 Criteria:
mation on both how a particular alternative addresses the 5.2.1 Life-Cycle Costing-Select the alternative that mini-
relevant performance statements and how much it costs. Theizes life-cycle cost while satisfying the technical perfor-
O-C-E-C framework enables the specifier to develop themance criteria of one or more performance attributes.
performance statements that satisfy one or more user needs and.2.2 Analytical Hierarchy Process-Select the alternative
incorporate them into a request for proposals. Providers rghat maximizes the “final overall desirability” score while
spond to the request for proposals by offering designs, matesatisfying the technical performance criteria of one or more
rials, products, components, subsystems, or systems for accegerformance attributes.
tance. Because cost is one aspect of each provider's responseb.3 Evaluation
the specifier has an opportunity to request information from the 5.3.1 Life-Cycle Costing-Use Practice E 917.
provider that may be used in evaluating economic perfor- 5.3.2 Analytical Hierarchy Process-Use Practice E 1765.
mance. This guide is intended as a resource from which the 5.4 Commentary-Use the nine-step process outlined in
specifier compiles lists of information to be collected as part 06.1-6.9 to evaluate the economic performance of each alterna-
each provider’s response to the request for proposals. It is aldtye and select the best economic choice.
intended for use by providers in preparing their response to th . .
specifier. The generic types of information that the specifier” How to Use This Guide
may request from the provider in their response to the request 6.1 Select the Performance Attribute{spelect one or
for proposals are described in Appendix X1 for benefits andnore of the other fifteen ASTM performance attributes. Use

Appendix X2 for costs. A detailed example based on theghe O-C-E-C framework to develop and present the corre-
durability attribute is given in Appendix X3. sponding performance statements for the performance at-

4.3 Use of Economic Tools for Evaluating New tribute(s) of interest. Use information received from providers

Technologies-Having a package of economic tools (methodsin response to the specifier's request for proposals, or by other
and software) that helps decision makers identify and evaluat®€ans, as a source of data to support the economic analysis.
benefits and costs when choosing between traditional alterna- 6.2 Select the Building Alternatives to be EvaluateBelect
tives and new-technology products, systems, materials, ar@f least two building alternatives for evaluation. Designate one
designs will accelerate the introduction and acceptance of ne@lternative as the base case. It is generally easiest to use a
technologies which are cost effective. traditional alternative (that is, design, system, or material) as
4.4 Use of ASTM Standards on Building Economics the base case. Select one or more new-technology or conven-
Standard practices for using life-cycle costing (LCC), E 917 tional alternatives to be evaluated vis-a-vis the base case.
and the analytical hierarchy process (AHP), E 1765, to meaSelect only alternatives which are acceptable substitutes in
sure the economic and overall performance of investments iRerformance for the base-case alternative.
buildings and building systems have been published by ASTM. 6.3 Select the Economic Method

Two computer programié that produce economic measures 6.3.1 Life-Cycle Costing(Practice E 917) _
6.3.1.1 The life-cycle cost (LCC) method provides a frame-

- work for comparing life-cycle costs of alternative building

3 petersen, S.RBLCC-The NISTBuilding Life-Cycle Co&tProgram, Version ~ designs, systems, or materials that satisfy the same perfor-
4.3, User's Guide and Reference ManudlISTIR 5185-3, Gaithersburg, MD:  mance statements.
National Institute of Standards and Technology, 1995. R _

4Chapman, R.E., Marshall, H.E., and Forman, E.Hser's Guide to AHP/ 6.3.1.2 The LCC method measures, in present Va'“‘? or
Expert Choice for ASTM Building EvaluatioMNL 29, West Conshohocken, PA: annual-value terms, the sum of all relevant costs associated

American Society for Testing and Materials, 1998. with owning, operating, and disposing of a building, building
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system, or associated building materials, or a combinationalculating its life-cycle costs. In calculating and evaluating economic
thereof, over a specified time period, referred to as the Stud@erformance (see 6.8 and 6.9), all alternatives must satisfy the same set of
period. performance statements over the same study period.
6.3.1.3 The basic premise of the LCC method is that, to an 6.4 Identify Stakeholder Group(s)Because individual
investor or decision maker, all costs arising from an investmenstakeholders are affected in different ways by choices between
decision are potentially important to that decision, includingtraditional alternatives and new technologies permitted under
future as well as present costs. Applied to buildings or buildingperformance standards, it is useful to first identify classes of
systems, the LCC encompasses all relevant costs over iadividual stakeholders and then classify them into stakeholder
designated study period, including the costs of designinggroups. By developing a classification hierarchy of stakehold-
purchasing/leasing, constructing/installing, operating, mainers, we are better able to understand and identify both potential
taining, repairing, replacing, and disposing of a particularopportunities (that is, real or perceived benefits and cost
building design, system, or material. savings accruing to that stakeholder) and potential barriers
6.3.1.4 A comprehensive example of the LCC method(that is, real or perceived additional costs and benefit reduc-
applied to a building economics problem is provided intions borne by that stakeholder) to choices between traditional
Appendix X3. The example illustrates the LCC method byalternatives and new technologies permitted under perfor-
focusing on issues that relate to the durability attribute. Thenance standards. Refer to Tables 1 and 2 to identify the
economic performance of three alternative carpet materials a@ppropriate type(s) of individual stakeholder(s) and corre-
evaluated—two traditional products and a new-technologysponding stakeholder group(s) for the application under analy-
product. sis. Table 1 is a hierarchy of stakeholders; it lists stakeholder
6.3.2 Analytical Hierarchy ProcesgPractice E 1765)
6.3.2.1 The analytical hierarchy process (AHP) is appropri- TABLE 1 Hierarchy of Stakeholders: Stakeholder Groups and
ate when multiple criteria, not all of which can be framed as Individual Stakeholder
costs, are to be considered in making an investment decisiORcoduct Development and Testing:
The AHP is a procedure for breaking down a complex problem ﬁfoguci Z‘"QVﬁtOfS
. . . - . . roduct aesigners
into |ts_ component _ parts (that is, _evaluatlpn cr|t_er|a and Building matgria,s manufacturers
alternatives), arranging these parts into a hierarchical form, Building products manufacturers
deriving numerical values (that is, scores) based on subjectivegeseaerh Ozganizaﬁons
judgments and facts about the relative importance of Criteria reing poratoriesiservices
and the relative preference for alternatives, and synthesizingodes, Standards, and Support Services:
the information to arrive at a decision. goge O;fga}“ilzations
6.3.2.2 In addition to monetary benefits and costs, the AHP Sniaras organizations
allows for the consideration of characteristics which decision Research organizations
makers regard as important, but which are not readily ex- Government agencies S
. Evaluation services/product certification
pressed n mon'Etary tgrms. . . Building permitting and inspection
6.3.3 Determine which economic method, LCC or AHP, isManufacturing Interest Group:
to be used. The LCC is appropriate for all fifteen attributes. The Buiding materials manufacturers
. . . . Building products manufacturers
AHP is appropriate for all fn‘t_een attrlbut_es as well. However, - commodity suppliers (raw materials)
when choosing among building alternatives, all AHP applica- Trade associations .
tions are constrained to include LCC as a criteria element. &"F’{’gx‘écgﬁl’r dae’:g Associated Support Services:
key distinction_ between AHP and LC_C is that AHP applications  speciarty trade contractors
evaluate the importance of exceeding the performance state-Wholesale/retail trade/supply
ments for one or more criteria elements for the selected Construction specifiers
. . .. . . . Procurement officials
performance attribute(s). This d|§t|nct|on is particularly usefuloynersmanagers/bevelopersusers:
in cases where several alternatives have values of life-cycle Developers

cost close to the minimum. Home owners/renters
Housing managers

Note 1—Because some performance attributes may be of greater Gfo"er_”m‘inst agencies
importance in meeting user needs, a decision maker may use the AHP %gs;sg'ggfs/arimiifs
select a subset of the performance attributes from which to develop gpgineering consultants
performance statements. Lawyers

Note 2—If, for a given performance attribute, an element within the Municipal planners
hierarchy of building elements contains more than one objective, then the ;ac'l“ty f'?””ers es/brok
AHP provides a means for selecting which objective is of greaterFinaiii:lS;;vfcoerzpames rokers
im_port_ance in meeting user needs. If_, fo_r a given performance attribute_, an Fipancial institutions
objective contains more than one criteria element, then the AHP provides |nsurance companies
a means for selecting which criteria element is of greater importance in Warranty companies
meeting user needs. Other:

Note 3—If an alternative for a given performance attribute has no Emﬁiﬁmemw interest groups
measurable future costs, then its life-cycle cost over the study period may y,sing disposition
be approximated by its first cost. If a competing alternative has measur- Third parties
able future costs over the study period, then include these costs when
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TABLE 2 Assignment of Individual Stakeholders to Stakeholder Groups

Stakeholder Groups
Individual Stakeholders Product Codes, Manufacturing  Construction Owners/ Professional Financial Other
Development Standards, Interest Group  and Assoc- Managers/ Services Services
and Testing and Support iated Support  Developers/
Services Services Users
Building materials manufacturers v v
Building permitting and inspection v
Building products manufacturers [l [l
Code officials [l
Code organizations Pl
Commodity suppliers (raw materials) [l
Construction specifiers v
Designers/architects v
Developers [
Engineering consultants v
Environmental interest groups v
Evaluation services/product 7
certification

Facility planners [
Financial institutions [l
Government agencies [ [ v
Home builders v
Home owners/renters v
Housing disposition [
Housing managers
Insurance companies v
Lawyers
Municipal planners
Procurement officials [l
Product designers
Product innovators
Real estate companies/ brokers v
Research organizations v v
Specialty trade contractors v
Standards organizations [
Testing laboratories/services v
Third parties [
Trade associations v
Utilities [
Warranty companies v
Wholesale/retail trade/supply 4

AYAY

AYAY

groups with their corresponding types of individual stakehold-identified stakeholder group(s). Any benefits or costs which do
ers. Table 2 is arranged as a checklist; it assigns each individuabt appear on a composite list may be excluded from the
stakeholder type to its corresponding stakeholder group(sgconomic evaluation.
Note that an individual stakeholder may be associated with 6.5.1 Match Benefits and Costs to the Selected Performance
more than one stakeholder group. For example, governmeiittribute(s}—Table 3 is arranged by performance attribute; it
agencies are associated with three stakeholder groups. liéts key types of benefits by performance attribute. Because
information on all types of stakeholders is desired, thereach type of cost applies to all performance attributes, a
proceed directly to 6.5. Otherwise, review the types of indi-separate table listing key types of costs by performance
vidual stakeholders to determine which one (or ones) is (arejttribute is not necessary. For the selected attribute(s), extract
appropriate. Either Table 1 or Table 2 may be used to seledtom Tabk 3 a list of the key types of benefits. Note that Table
which type(s) of individual stakeholder(s) is (are) appropriate3 combines information—key types of benefits—on all stake-
Use whichever table is most convenient for the applicatiorholder groups. If information on all stakeholders is desired, it
under analysis to select the individual stakeholder(s). Table 1 is sufficient to use only Table 3 to identify the key types of
presented as a hierarchy to show how the stakeholder groupgnefits. Otherwise, it is necessary to use all three tables to
are formed. Table 2 lists the types of individual stakeholders indentify the key types of benefits and costs.
alphabetical order to facilitate cross-referencing of individual 6.5.2 Match Benefits and Costs to the Identified Stakeholder
stakeholders and stakeholder groups. Based on the select€doup(s)—Tables 4 and 5 are arranged by stakeholder group.
individual stakeholder(s), use Table 2 to produce a list of theTable 4 lists key types of benefits by stakeholder group; Table
corresponding stakeholder group(s). 5 lists key types of costs by stakeholder group. If information
6.5 Identify Key Types of Benefits and CesfRefer to  on only a single stakeholder group is desired, then select the
Tables 3-5 to identify the key types of benefits and costsappropriate column in each table, go down the column, and
Follow the procedure described in 6.5.1-6.5.3 to compile axtract from it a list of the relevant types of benefits (Table 4)
composite list of benefits and a composite list of costs. Eacland the relevant types of costs (Table 5) for the stakeholder
composite list results in those benefits or costs which argroup. If information on more than one stakeholder group is
relevant for the selected performance attribute(s) and thdesired, then follow the procedure just described for each
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TABLE 3 Types of Benefits and Cost Savings Classified by Performance Attribute

Performance Attribute
Type of Benefit Structural ~ Fire  Accident Health Indoor Light Acous- Dura- Access- Security Func- Aesthe- Adapt- Maintain-Sustain-

or Cost Saving Safety Safety Safety and Air tics bility ibility tionality  tics ability ability  ability
and Hygiene Quality
Service-
ability

Exceeds minimum I I I I I I I I I I I I I I I

acceptable

peformance
Improvements in health, 17 1% I7d 17 17 7 17 I

safety, and security
Increased occupant P P P> %

comfort
Increased sales for I I I I I I I I I I v v I I I

building materials/
products manufacturers
Increased sales for v v v 14
systems
design/integration/
optimization services
Lower conversion costs
Lower energy costs
Lower first costs
Lower operations and
maintenance costs
Promotes innovation in I I I d %
the construction industry
Reductions in warranty
costs
Reductions in waste
and pollution

\
\
\
\
\
\
\
\
\
\
\

AYAN
AYAY
AYAY
AYAN
AYERVAYAY
AYERVAYAY
AYERR VAVA
AYAY
AYAY
AYAN
AV YA YIRAY
AYAY

AR VN YRR VAV A VAN

AV YR YRR YA
X
X
AR YR YRR YAYAY

TABLE 4 Types of Benefits and Cost Savings Classified by Stakeholder Group

Stakeholder Group
Type of Benefit or Product Codes, Manufacturing  Construction Owners/ Professional Financial Other
Cost Saving Development Standards, Interest and Assoc- Managers/ Services Services
and Testing and Support Group iated Support Developers/
Services Services Users
Exceeds minimum acceptable v I I 7
performance
Improvements in health, 7
safety, and security
Increased occupant
comfort
Increased sales for I d I d v I
building materials/products
manufacturers
Increased sales for systems I I
design/integration/optimization
services
Lower conversion costs [
Lower energy costs v
Lower first costs [
Lower operations and
maintenance costs
Promotes innovation in I I
the construction industry
Reductions in warranty
costs
Reductions in waste I v
and pollution

X[ Y\ X\
AV YR Y B

\
\

AYAVAY

AV VR YA VAYAY

AV YRR YRR YA VA VA

stakeholder group. Combine each stakeholder group list into 6.6 Identify and Collect Economic DataRefer to Appen-

two lists: one for key types of benefits and one for key types otlix X1 for benefits and Appendix X2 for costs to identify the

costs. economic data associated with the key types of benefits and
6.5.3 Compile Composite List of Benefits and Cests costs for the selected attribute(s) and the identified stakeholder

Compare the list of the key types of benefits extracted fronyroup(s). Produce two lists of economic data: one list for the

Table 3 with the list of benefits extracted from Table 4. Keepkey types of benefits identified and one list for the key types of

only those benefits which appear on both lists. Finally, produc@osts identified. Finally, collect the data and compile them in a
two composite lists: one list for key types of benefits and ongqyrm suitable for analysis.

list for key types of costs.
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TABLE 5 Types of Cost Increases and Benefit Reductions Classified by Stakeholder Group

Stakeholder Group

Type of Cost Increase Product Codes, Manufacturing  Construction Owners/ Professional Financial Other
or Benefit Reduction Development Standards, Interest and Assoc- Managers/ Services Services
and Testing and Support Group iated Support Developers/
Services Services Users
Increased costs of adapting I I I I % %4

new construction technologies,
products, equipment, and
practices to industry use

Increased costs for % I e %
new standards development
Increased investments/ expenditures v v

by building materials/
products manufacturers
Increased risk exposure and I I v I I 4
uncertainty due to construction
with new technologies, products,
equipment, or practices
Reduced sales of traditional I d I I d I v
“prescriptive-oriented” building
materials/products lines
and associated services

6.7 Review the Standard Practice Associated with the Ecosoftware. Set up the decision problem so that the alternatives
nomic Method-Examine Practices E 917 and E 1765 to seemay be ranked in descending order according to their “final
which corresponds to the chosen economic method. In theverall desirability” score.
selected practice, read the sections on significance and useg g Evaluate the Economic Performance of Each
ap_plications, gnd limitations. If the practice still seems apProternative—If the LCC method is being used, select the
priate, follow its procedures. If not, repeat the process untll Aternative which satisfies the performance statements of the
acceptable practice has been found or it has been determin ribute(s) in question and minimizes life-cycle cost over the

that neither of the practices is suitable for the decision at han sroposed study period. If the AHP method is being used, select

6.8 Calculate the Economic Performance Values for Each . . - AR

. : . : he alternative which maximizes the “final overall desirability
Alternative—For assistance in calculating the measure o

economic performance provided by the selected method, useEore wh||e_ satisfying the performance statements of the
the three adjuncts. The adjunct on Discount Factor TableS€!€cted attribute(s).

supports manual calculations for the LCC method. The ASTM

Database Program also supports the LCC method: it helps yol: Keywords

estimate maintenance, repair, and replacement data. In addi-7.1 analytical hierarchy process; building design; building
tion, the Building Life-Cycle Cost Computer Program and economics; building materials; building systems; cost analysis;
User's Guide supports the LCC method. For AHP calcula- giscounting; durability; economic analysis; economic evalua-
tions, use the AHP/Expert Choice for ASTM Building Evalu- tion methods; engineering economics; housing; investment
ation software produ€tor similar commercially available onqysis; life-cycle costing; multiattribute decision analysis;
operations research methods; performance criteria; present-
value analysis; residential dwellings

5 Petersen, S.R., 1995.
8 Chapman, R.E., Marshall, H.E., and Forman, E.H., 1998.

APPENDIXES
(Nonmandatory Information)

X1. CLASSIFICATION OF COST SAVINGS AND OTHER BENEFITS FOR SINGLE-FAMILY ATTACHED AND DETACHED
DWELLINGS

X1.1 Background alphanumeric code for Level 2, and a five character alphanu-

X1.1.1 Use this classification to identify the economic datameric for Level 3. Each Level 1 element corresponds to a
associated with the key types of cost savings and other benefigpecific entry in Tables 3 and 4. These entries appear under the
This classification is presented as a hierarchy with three levelgolumn heading Type of Benefit or Cost Saving. To facilitate
The hierarchy incorporates an alphanumeric designation for theross-referencing between this classification and Tables 3 and
classification: a single letter for Level 1, a three character
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4, the Level 1 elements are listed in the same order as their E20 Increased sales of new types of services due to the

corresponding entries in Tables 3 and 4. flexibility allowed under a system of performance-based stan-
dards
X1.2 Description of Cost Savings and Other Benefits X1.2.6 F—Lower Conversion Costs (Additions, Alterations,

and Major Replacements)

F10 Increased adaptive reuse

F20 Less disruption to home owner during remodeling/
renovation activities

F30 Lower repair and replacement costs

X1.2.1 A—Exceeds Minimum Acceptable Performance
A10 Allows increased level of performance for one or
more performance attributes for a given budget
A20 More opportunities for customization

A30 More opportunities for design evaluation X1.2.7 G—Lower Energy Costs

A40 Opportunity to “increase customer satisfaction”  G10 More opportunities for improved thermal perfor-
through ability to integrate building systems/service functionsmance of building materials/envelope system
across multiple performance attributes G20 More opportunities for increasing the efficiency of

X1.2.2 B—Improvements in Health, Safety, and Security mechanical/HVAC equipment
B10 Fewer construction worker accidents (injuries and G30 More opportunities for mechanical/HVAC

fatalities) and illnesses equipment/envelope system optimization
B1010 Lower indirect costs X1.2.8 H—Lower First Costs
B1020 Lower medical costs associated with accidents  H10 Reduced financial holding costs due to cycle time
and illnesses reduction through use of new construction processes and
B1030 Lower workman’s compensation insurance prefechniques
miums H20 More opportunities for substituting less costly inputs

B20 Fewer dwelling-related accidents and illnesses for X1.2.9 I—Lower Operations and Maintenance Costs
building occupants and third parties 110 Lower maintenance costs due to better information on

B2010 Fewer lost workdays durability, functionality, and maintainability

B2020 Lower medical costs associated with accident% . I.ZO Lower operating costs due to ability to_Integrate
and illnesses uilding systems/service functions across multiple perfor-

B2030 L - . mance attributes
OWer property Insurance premiums X1.2.10 J—Promotes Innovation in the Construction Indus-

B30 Increased productivity at home and at work fortry:

building occupants J10 Faster adoption/diffusion of new construction tech-
B40 Reduced loss of property due to natural and mannologies
made causes J20 Fewer barriers to innovation
B4010 Less out of pocket expenses due to coinsurance  J30 Lower dissemination costs
and deductibles X1.2.11 K—Reductions in Warranty Costs
B4020 Lower property insurance premiums K10 Ability to establish minimum performance require-
X1.2.3 C—Increased Occupant Comfort ments for a warranty based on the O-C-E-C format
C10 Better control of temperature, humidity, indoor air K20 Improved service life predictions due to better infor-
quality, and lighting levels mation on durability, functionality, and maintainability.

L10 Improved quality of life for future generations

X1.2.4 D—Increased Sales for Building Materials/Products Y ) ;
L20 Lower negative life-cycle environmental impacts

Manufacturers
D10 Increased sales of materials/products with newx1.3 Benefit and Cost Savings Elements Classified by
characteristics/functions Stakeholder Group

D20 Opportunities to enter new markets because stan- x1.3.1 Use Table X1.1 to determine which elements are
dardization promotes both domestic and international businesgssociated with the stakeholder group(s) of interest. Table X1.1
X1.2.5 E—Increased Sales for Systems Design/Integrationpromotes a priority-setting process for data collection by
Optimization Services limiting the data collection effort to those cells with check

E10 Increased sales of services aimed at packaging innorarks. To facilitate cross-referencing between Table X1.1 and
vative solutions that result in higher quality at lower costs forTable 4, the rows in Table X1.1 associated with the Level 1
the client elements are marked by an asterisk.

TABLE X1.1 Benefit and Cost Saving Elements Classified by Stakeholder Group

Stakeholder Group

Type of Product Codes, Standards, Manufacturing Construction and Owners/ Professional Financial Other
Benefit or Development and Support Interest Associated Managers/ Services Services
Cost Saving and Testing Services Group Support Services Developers/ Users
*A v v v v
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TABLE X1.1 Continued

Stakeholder Group

Type of Product Codes, Standards, Manufacturing Construction and Owners/ Professional Financial Other
Benefit or Development and Support Interest Associated Managers/ Services Services
Cost Saving and Testing Services Group Support Services Developers/ Users

A10 I I

A20 v

A30

A40

*B

B10

B1010

B1020

B1030

B20

B2010

ANAVYAYAVANA SR UANAY
ANAVYAVYAVYAVYAYASAYAYAYAY

B2020

AN AYAVYAYAVANANANAY

B2030

B30

ANAYRAYAYAYAYASAYAYAYAN

B40

\
\

B4010

\

B4020

*C

Cc10

C20

*D

ANAVAVNAWAN

D10

\
\

D20

\

*E

E10

AYAYAYAYA VAN
AYAYAVYAYA VAN

E20

*F

ANRAYAYAYAYASA VAN

F10

F20

ANA VA YA

F30

*G

\

G10

G20

ANA VA WAY
ANA VA WAY

G30

ANAVYAVYAVANAY

*H W

H10

\

H20

\

*

X
ANA SR VA WA

110

120

*J

\
\
\

J10

\
\
\
\

J20

ANRNA WA

J30

*K

K10

\

VAN AN AN AN AN AN AN AN AN AN AN A AN AN AN AN A A AN AN AN AN A A AN AN AN AN A AN AN AN AN A A AN AN AN A AN AN AN AN R WAY

YA YAYAYAYA YA
A YAV AVNAVANANAY

K20
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TABLE X1.1 Continued
Stakeholder Group

Type of Product Codes, Standards, Manufacturing Construction and Owners/ Professional Financial Other
Benefit or Development and Support Interest Associated Managers/ Services Services
Cost Saving and Testing Services Group Support Services Developers/ Users
L v v v v
L10 v v v v
L20 v v I v

X1.4 Measurement Methods for Benefit and Cost Saving  example, reductions in medical costs for the Level 3 element
Elements B1020). If the market for an element is not defined, a variation

X1.4.1 Use Table X1.2 to determine which measuremeng@f the term “willingness to pay” is associated with it (for
method to use to estimate the benefits and cost savinggample, user willingness to pay for the Level 1 Element A
associated with each element. Use only those elements whidkxceeds minimum acceptable performance)). Thus, it will be
apply to the stakeholder group(s) of interest (see Table X1.1Yifficult to obtain measures of the economic value that stake-
Because elements are classified in a hierarchy, certain LevelHolders place on such elements.
and Level 2 elements are composed of sub-elements with _ o
different types of measurement methods which must be com- Note Xl.l—An_ exception to EIementA(exyceet_js_ minimum acceptable
bined to get the desired estimate. These cases are designateooﬁgormance) being measured by the user's willingness to pay occurs

“ ; n o when one or more alternatives offer increased service life for the durability
the term “composite measure” in Table X1.2. The value of__ . . S

. . ttribute. In this case, increased service life leads to fewer replacements,

goods and ,SerVIces pr_O(_:Iuced by the economy is measured ulting in a measurable difference in future costs. In such cases, there is
the people’s actual willingness to pay for those goods andyj a user willingness to pay component because increased service life
services. The elements listed in Table X1.2 are no exceptioResults in higher first cost. See Appendix X3 for a case example of how to
Therefore, if a defined market for an element exists, an explicitise the life-cycle cost method to evaluate alternatives with different first
measurement method is associated with that element (faosts and service lives.

10
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TABLE X1.2 Measurement Methods for Benefit and Cost Saving

Elements
Element Measurement Method
A Owner willingness to pay
A10 Owner willingness to pay
A20 Owner willingness to pay
A30 Owner willingness to pay
A40 Owner willingness to pay
B Composite measure
B10 Composite measure
Indirect cost reductions due to less: lost productivity, demand
B1010 for replacement workers, forms processing, damage to
materials and equipment, and litigation
B1020 Reductions in medical costs
B1030 Reductions in insurance premiums
B20 Composite measure
Less loss of occupant income, corporate cost reductions due
B2010 -
to less: lost productivity and demand for replacement-workers
B2020 Reductions in medical costs
B2030 Reductions in insurance premiums
B30 Ovyner willingness to pay plus corporate value of productivity
gains
B40 Composite measure
Reductions in out of pocket expenses due to coinsurance and
B4010 -
deductibles
B4020 _Reductions in insurance premiums plus higher profits to
insurers
C Owner willingness to pay
C10 Owner willingness to pay
C20 Owner willingness to pay
D Composite measure
D10 Value of increased sales
D20 Corporate willingness to pay
E Composite measure
E10 Increased corporate sales and owner willingness to pay
E20 Increased corporate sales and owner willingness to pay
F Composite measure
F10 Owner willingness to pay
F20 Owner willingness to pay
F30 Reductions in repair and replacement costs
G Reductions in energy costs
G10 Reductions in energy costs
G20 Reductions in energy costs
G30 Reductions in energy costs
H Composite measure
H10 Reductions in financial holding costs
H20 Reductions in input costs
| Composite measure
110 Reductions in maintenance costs
120 Reductions in operating costs
J Composite measure
J10 Corporate willingness to pay plus owner willingness to pay
J20 Corporate willingness to pay
J30 Reductions in dissemination costs
K Composite measure
K10 Corporate willingness to pay for reductions in settlement costs
K20 Reductions in warranty-related replacement costs
L Willingness to pay
L10 Willingness to pay
L20 Willingness to pay

X2. CLASSIFICATION OF COST INCREASES (OR BENEFIT REDUCTIONS) FOR SINGLE-FAMILY ATTACHED AND

DETACHED DWELLINGS

three-character alphanumeric code for Level 2, and a five-

X2.1.1 Use this classification to identify the economic datacharacter alphanumeric for Level 3. Each Level 1 element
associated with the key types of cost increases (or benefgorresponds to a specific entry listed in Table 5. These entries
reductions). This classification is presented as a hierarchy witAppear under the column heading Type of Cost Increase or
three levels. The hierarchy incorporates an alphanumeriBenefit Reduction. To facilitate cross-referencing between this
designation for the classification: a single letter for Level 1, a

11
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classification and Table 5, the Level 1 elements are listed inthe D20 Potential for higher legal costs due to building
same order as their corresponding entries in Table 5. materials/products liability/litigation
o i D30 Potential for higher operations and maintenance costs
X2.2 Descrlonn of Cost Increases (or Benefit D40 Potential for more frequent repairs to and replace-
Reductions) ments of new building materials/products
X2.2.1 A—lIncreased Costs of Adapting New Construction x2.2.5 E—Reduced Sales of Traditional“ Prescriptive-
Technologies, Products, Equipment, and Practices to Industrpriented” Building Materials/ Products Lines and Associated
Use Services
A10 Additional bU|Id|ng SyStemS infrastructure needed to E10 Reduced emp'oyment in Construction_re'ated indus_
integrate functions of multiple performance attributes tries

A20 Higher wholesale/retail inventory holding costs E20 Reduced sales for traditional building materials/
A30 Increased costs for building code allowances/permits,rqoqucts/services for new construction activities
A40 Increased training costs _ _ E30 Reduced sales for traditional building materials/
A4010 Increased costs for instruction on how 10 incor-praqucts/services for maintenance and remodeling activities
porate new building materials/products into the design process
A4020 Increased costs to train building code officials x5 3 |ncreased Costs and Benefit Reductions Classified
on the O-C-E-C format and on appropriate inspection and by Stakeholder Group

evaluation procedures . .
A4030 Increased costs to train building owners/ X2.3.1 Use Table X2.1 to determine which elements are

managers on proper use, maintenance, and repair of nedpsociated with the stakeholder group(s) of interest. Table X2.1
building materials/products' ’ promotes a priority-setting process for data collection by
A4040 Increased costs to train contractors and conlimiting the data collection effort to those cells with check

struction workers on new construction processes and tecfpnarks. To facilitate'cross—referencing b(_etween_TabIe X2.1 and
niques Table 5, the rows in Table X2.1 associated with the Level 1

A4050 Increased costs to train specifiers on how to us§'ements are shaded.
the O-C-E-C format

X2.2.2 B—Increased Costs of New Standards Development<2-4 Measurement Methods for Increased Cost or
B10 Higher costs associated with representation on and ~ Benefit Reduction Elements

participation in standards committees X2.4.1 Use Table X2.2 to determine which measurement
B20 Increased costs of developing documentation suitablmethod to use to estimate the increased costs or benefit

for presentation to standards committees for balloting reductions associated with each element. Use only those
X2.2.3 C—lIncreased Investments/Expenditures by Buildingelements which apply to the stakeholder group(s) of interest
Materials/Products Manufacturers (see Table X2.1). Because elements are classified in a hierar-
C10 Additional costs for new material inputs chy, certain Level 1 and Level 2 elements are composed of

C20 Additional investments in new plant and equipmentsub-elements with different types of measurement methods
C30 Conversion costs for installing new production pro-which must be combined to get the desired estimate. These

cesses in existing facilities cases are designated by the term “composite measure” in Table
C40 Increased costs for copyright/trademark registrationX2.2. If a defined market for an element exists, an explicit
C50 Increased costs for “product positioning” measurement method is associated with that element. If not, a
C60 Increased costs to develop new distribution andrariation of the term “willingness to pay” (see X1.4) is
service channels associated with it (for example, corporate willingness to pay
C70 Increased research and development costs for Element B (increased costs of new standards develop-
C7010 Increased costs for new building materials/ment)). Because risk exposure is inherent in many new
products research and development activities technologies, products, equipment, or practices the term“

C7020 Increased costs for new building materials/contingency” is associated with the increased cost or benefit
products testing/simulation to demonstrate “proof of function-reduction estimates for elements D10, D20, D30, and D40. A

ality” contingency is a sum of money not intended to be spent. It is
C80 Intermediate requirement to maintain redundant semrsed as a hedge against risk exposure. It is estimated to the best
vices and distribution channels of one’s abilities to ensure that a financial buffer is available

X2.2.4 D—Increased Risk Exposure and Uncertainty Due towithin a budget for the “project’s” planned activities. This
Construction with New Technologies, Products, Equipment, obuffer is intended to assist in mitigating the effects of un-
Practices planned events and other risks that are external to the project’s

D10 Potential for higher first costs planned activities and so are not controllable.

12
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TABLE X2.1 Increased Costs and Benefit Reductions Classified by Stakeholder Group

Stakeholder Group

Type of Cost Product Codes, Manufacturing Construction Owners/ Professional Financial Other
Increase Development Standards, and Interest and Assoc- Managers/ Services Services
or Benefit and Testing Support Group iated Support Developers/
Reduction Services Services Users

A v

‘/
Al0 v [

A20

A30

A40

AAYERAYAYAY

A4010

AYANA
AYASAYAYERAYAY

A4020

A4030

A4040

AYAYERAYAYAYAYAYANA
AEAYAYAVAYAYERANA
AYAY

A4050

B

B10

AYANAYAY
AYANAYAY

B20

C

Ci10

Cc20

AYAVAYAYAYANA

C30

C40

C50

C60

C70

C7010

C7020

C80

D10

AV R AV A YA YA YA YA NAYAYAVAVAYA A NAY

D20

D30

\
AAYERAYAY

D40

AYAY

E10

AYAYAY

E20

A AN AN A AV AN A YA VA YA YA YA YA YA VAYAYAVAVAYAVANAY

AYAVAVAYAYATAYANAY
AYAVAVAYAYASAYANAY

E30
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TABLE X2.2 Measurement Methods for Increased Costs and

Benefit Reductions

Element

Measurement Method

A
Al0
A20
A30
A40

A4010

A4020

A4030

A4040

A4050

B10
B20

Cc10
C20
C30

C40
C50

C60
C70
C7010

C7020

C80

D10

D20

D30

D40

E10

E20

E30

Composite measure

Increased costs for building systems infrastructure

Increased inventory holding costs

Increased costs for building code allowances/permits
Composite measure

Increased costs for instruction on how to incorporate new
building materials/products into the design process
Increased costs to train building code officials on the O-C-E-C
format and on appropriate inspection and evaluation
procedures

Increased costs to train building owners/managers on proper
use, maintenance, and repair of new building materials/
products

Increased costs to train contractors and construction workers
on new construction processes and techniques

Increased costs to train specifiers on how to use the O-C-E-C
format

Corporate willingness to pay

Corporate willingness to pay

Corporate willingness to pay

Composite measure

Increased costs for new material inputs

Increased investment costs for new plant and equipment
Costs of conversion

Increased costs for copyright/trademark registration
Increased costs for product positions

Increased costs to develop new distribution and service
channels

Composite measure

Increased costs for new building materials/products research
and development activities

Increased costs for new building materials/products testing/
simulation to demonstrate “proof of functionality”

Increased costs to maintain redundant services and distribution
channels

Composite measure

Contingency held to cover unexpected financial holding costs
or cost overruns

Contingency held to cover unexpected legal costs due to
building materials/products liability/litigation

Contingency held to cover unexpected operations and
maintenance costs

Contingency held to cover unexpected repair and replacement
costs

Composite measure

Lost income to employee, cost of severance pay, and
increases in unemployment insurance

Reduced sales for traditional building materials/products/
services for new construction activities

Reduced sales for traditional building materials/products/
services for maintenance and remodeling activities

X3. PROBLEM EXAMPLE: WALL-TO-WALL CARPET

X3.1 Background

from providers. The specifier decides to use the life-cycle cost

X3.1.1 This example shows how to pair economic evalua{LCC) method (Practice E 917) to evaluate economic perfor-
tion with the durability attribute. When appropriate, crossmance. The specifier determines that two types of cost savings
references to specific sections in the Standard Guide foRre anticipated:1) exceeds minimum acceptable performance;
Durability are provided. In this example, the specifier is theand @) lower operations and maintenance costs. Only one type
manager for a large inventory of public housing. The specifief cost is anticipated, increased risk exposure. In this case,
first selects the durability attribute. The specifier then selectiicreased risk exposure is due to uncertainty about each
element 4.2.1, floors, within the hierarchy of building ele- alternative’s first costs, replacement costs, and the replacement
ments. Consideration is limited to wall-to-wall carpet. A schedule. The specifier requests providers to include in their
performance statement is included (see X3.1.1.1) to define thesponses to the request for proposals the cost to purchase and
minimum level of performance that the specifier will acceptinstall the carpet, the average durability of the carpet in years,

14
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the likely minimum and maximum durability of the carpet in probabilistic levels of significance to be attached to the
years, and the annual cost to maintain the carpet. All costsomputed values of LCC for each alternative under consider-
reported in the providers’ responses include their markups foation.

overhead and profit. X3.1.1.6 Special ConsideratiorsThree input variables are

X3.1.1.1 Performance Statemertdn Durability, the Mini- ~ subjected to in-depth analyses. These input variables &re: (
mum Anticipated Service Life for wall-to-wall carpet (4.2.1 the discount rate;2) initial cost; and 8) the replacement
Floors) is suggested as a range from 3 to 20 years. Thechedule. In-depth analyses are used to demonstrate how
specifier, in accordance with 5.2.1 of Durability, has specifiecchanges in the three input variables, both singly and in
the minimum anticipated service life as 10 years. The specifiggombination, affect the LCC of each alternative. Data and
has applied this number to Performance Statements 4.A aridformation compiled from the providers’ responses and addi-
4.B (C-1, C-2, and C-6), and has adjusted the exposure rates fi#nal data and information compiled by the specifier are used
E-1, E-2, and E-6 of 4.B to correspond to the 10-year minimuni0 set up ranges of values for the input variables subjected to
anticipated service life. Three providers have submitted proin-depth analyses.
posals that include wall-to-wall carpet. One provider claims t0><3 2 Baseline Analysis
comply by offering a product with a minimum anticipated * " i o ] o
serve life of 10 years but an average service life of 12 years. X3.2.1 The baseline analysis is a direct application of the
Two providers claim their products exceed the 10 year minil.CC method as specified in Practice E917. The data and
mum by offering products with minimum anticipated service@ssumptions used in the bgisellne analysis are listed in T_able
lives of 15 and 20 years, respectively. They document theiX3.1. All costs are stated in 1997 dollars, the study period
claims by EM-1 (for Performance Statement 4.A), as well as bypPans 25 years (from 1997 to 2021), and all costs are

the use of higher exposure rates under E-1, E-2, and E-6 (f¢fiscounted using a 7 % real discount rate. Tables X3.2-X3.4
Performance Statement 4.B). give the year-by-year results and the resultant LCC for the

minimum-acceptable-performance product, the common-use
product, and the innovative product, respectively. To facilitate

comparisons among the three tables, each column is labeled
with a heading and is numbered. For example, Column 1

records the year in the study period, Column 2 records the
. , ) L calendar year, and Column 7 records the present value factor.
to-wall carpeting alternative to be used in this inventory OfThe present value factors recorded in Column 7 are calculated

public housing. The specifier wishes to use a LCC analysis t%n the implicit assumption that with the exception of initial

evaluate the economic consequences of variations in the, o gment cost all costs occur as lump sums at year end.

durability of _each carpeting .alternat|ve, w_here the dure_1b|_||ty 0]C.Reference to Columns 1 and 2 of Tables X3.2-X3.4 show that
each carpeting alternative is measured in years. Variations

- . . A fhe first two entries under Column 1 correspond to calendar
product durability translate into variations in initial cost

d by th i h d install h t.I%/ear 1997. This is because the initial investment cost occurs at
(measu_re y the cost 1o purchase and install éach CarpeliyQy iqr of the study period (that is, the beginning of 1997).
alternative), the replacement cost, the replacement schedule

. i~ ) . us, the present value factor for the initial investment cost is
multiple of the durability of each carpeting alternative, where 000. Since all costs recorded in Tables X3.2-X3.4 are
dura_blhty is equal to asset life), and annual maintenance ang, ,qeq to the nearest cent, the sums across a given row may
repair costs. The most cost-effective carpeting alternative IS ’

. ffer f th I ded in Col 6 of that :
defined as the one that minimizes the value of LCC over th%in?irlarzgnt]he gur\ﬁsudeosw:le(c::%rlu?nn |g in ?;grel X302—X3?4 rr;)]\;vy

length of th_e study period and meets the prescribed perfordiffer from the resultant LCC given in the last row of the
mance requirements. ) respective table. Table X3.5 gives the LCC for each alternative
X3.1.1.4 Length of Study Periee-The length of the study eyajuated in the baseline analysis. These results indicate that
period over which LCC is to be measured is 25 years. the innovative product is the most cost-effective alternative and
X3.1.1.5 Types of Analysis-Three types of analysis em- the minimum-acceptable-performance-product is the least cost-
ploying the LCC method are presented) baseline analysis; effective alternative.
(2) sensitivity analysis; and3] Monte Carlo simulation. The o )
first type of analysis sets all input variables at their expectea3.3 Sensitivity Analysis
values. The term baseline analysis is used to denote a completeX3.3.1 The sensitivity analysis expands the application of
LCC analysis in all respects but one; it does not address thine LCC method by employing the procedure given in 7.3 of
effects of uncertainty. Sensitivity analysis measures the impadctuide E 1369. Tables X3.6-X3.8 show how the LCC of each
on LCC of changing the value of one or more input variablesalternative varies when each of three input variables-the
about which there is uncertainty. A sensitivity analysis comple-discount rate, first cost, and the replacement schedule—are set
ments the baseline analysis by evaluating the changes in LC& their minimum and maximum anticipated values, respec-
when selected sets of input variables vary about their baselintgvely. The range of values for the discount rate is a low of 2 %
values. Monte Carlo simulation is a well-documented tech-and a high of 10 %. The range of values for the initial cost of
nique used to determine risk exposure from an investmergach alternative is a low of $2.69 per square metre less than the
decision. A Monte Carlo simulation complements both thebaseline value and a high of $2.69 per square metre more than
baseline analysis and the sensitivity analysis because it permitise baseline value. The range of values for the replacement

X3.1.1.2 Alternatives Considered Three are under consid-
eration: () a minimum-acceptable-performance produ2};q
common-use product; an@)(an innovative product.

X3.1.1.3 Goal—To determine with the life-cycle cost
(LCC) method (Practice E 917) the most cost-effective wall-
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TABLE X3.1 Summary of Values for the Input Variables Used in nation, they result in even higher values for LCC. Although the
the Baseline Analysis ‘Xlttgren;hrzg Wall-to-Wall Carpet LCC values calculated within each set and across all four sets
1V P . . .

— : : of the sensitivity analysis varied considerably, the rank order-
Sti:gg’u';frr'gfe(ggsﬁwrs holding period) 20 years ing of the alternatives remained the same. In all four sets of
Inflation rate 0 %A LCC values calculated in the sensitivity analysis, the innova-
Replacement schedule (multiple of tive product is the most cost effective and the minimum-
asf\ztsmfe acceptable-performance-product is the least cost effective.

Minimum-acceptable-performance 12 years
product X3.4 Monte Carlo Simulation
Common-use product 15 years . .
Innovative product 20 years X3.4.1 The Monte Carlo simulation further expands the
Ccﬁ/ gsattg‘zm cost data Cost per square metre© applice_ltion of the _LCC method by employin_g the procedure
Purchase and installation given |r_1_7.7 .of _Guuje E 1369. Table X3.10 .I|sfcs the types of
Minimum-acceptable- $16.15 probability distributions used to model variations about the
peffOfmcance product et $21'53 baseline value of each input variable, the baseline value, and
ommon-use proauc . H H .
Innovative product $26.91 the appropriate ranges that \_/v_ere_us_ed in a series of Monte
Replacement cost” Carlo simulationg. Two probability distribution®are used: 1)
orpimum-acceptable $18.84 the triangular and?) the discrete. The triangular distribution is
performance proauc H .
Common-use product $24.22 used whenever the range of values is continuous and a
Innovative product $29.60 clustering about some central value is expected. The triangular
Re@!d%la' value (St[aLglht "n?) distribution was used for two input variable4) the discount
product e periomance $14.80 rate and 2) initial cost. The discrete distribution is used
Common-use product $7.18 whenever the range of values is discrete; in this case, it is tied
A'””Ol‘l'a“"e product t § $20.18 into the year in the study period (see Column 1 of Tables
nnually recurring maintenance an . . . . .
repair coss X3.2-X3.4). The discrete distribution is used to model the
Minimum-acceptable-performance $1.61 replacement schedule (see Column 3 of Tables X3.2-X3.4).
product™ - Four sets of Monte Carlo simulations were performed—one for
Common-use product $1.08

Innovative product” $0.54 _each of the three input variz_ible_s run _singly and one for all three
A Values in the table are expressed in constant 1997 dollars, input variables run in combination. Figs. X3.1-X3.4 and Tables
B Cost data are derived from unit price figures published in cost-estimating X3.11-X3.14 document the outcomes of each of the four sets of
g”icdff‘it o . — | o euet Monte Carlo simulations. Each figure shows a cumulative
nit price figures for carpet installation are normally expressed in customary P . . .
units. In this appendix, however, they are quoted on a per square metre basis to dlStI?IbU'[IOf? fl.,InC'[IOI’l O_f LCC values for each a_l'_[ernatlve. Th_e
conform with the use of Sl units in ASTM standards. To convert the cost per square vertical axis in each figure records the probability that LCC is
metre to the cost per square yard, multiply the cost per square metre by 0.8361. less than or equa| to a specified value on the horizontal axis
If cost per square foot is desired, multiply the cost per square metre by 0.0929. For Fig. X3.1). A f | for LCC i ded h
example, the cost to purchase and install the Common-Use Product is $21.53 per (seg 9. - ) range.o values for IS recorded on t e
square metre, which equals $18.00 per square yard, or $2.00 per square foot. horizontal axis of each figure. A movement of the cumulative

” Replacement cost equals the cost to purchase and install each carpet  distripution function to the left indicates lower values of LCC
alternative plus the cost to remove and dispose of the old carpet of $2.69 per !

square metre for each carpet altemative. whereas a movement to the right indicates higher values of
0 % escalation rate (expressed as a real escalation rate). LCC. Each alternative is represented by a trace on the figure.
2 % escalation rate (expressed as a real escalation rate). The table associated with each figure summarizes the statistics

from the Monte Carlo simulation. In each set of Monte Carlo

simulations, it is evident that the innovative product has the

schedule varies by aIternativg. “Sqoner” replapement enta"ﬁ)west LCC. In all cases, the trace of the innovative product
more frequent replacements vis-a-vis the baseline replacemelri'gs to the left of the othér alternatives

schedule.” Later” replacement entails less frequent replace-

ments vis-a-vis the baseline replacement schedule. Each inp%3 5 Decision

variable produces a set of LCC values within this part of the _ )
sensitivity analysis. Table X3.9 shows how the LCC of each X3:5-1 Based on the LCC calculations performed in all
alternative varies when all three of the input variables are set 4f"€€ types of analysis, it is most cost effective to use the
their “most favorable” and “least favorable” combinations. Thelnnovative product as the type of carpeting in the public
most favorable combination corresponds to a 10 % discourffousing units, given the three alternatives analyzed in this
rate, a low initial cost, and a later replacement schedule. Eadpfoblem.

of the settings in the most favorable combination when applied

singly resulted in low values for LCC. Thus, when all three

settings are app“ed in combination, they r_esu_lt in even lower ”The range of values employed in the Monte Carlo simulations for each input
values for LCC. The least favorable combination correspondgariable, both singly and in combination, is the same as the range employed in the
to a 2% discount rate, a high initial cost, and a soonesensitivity analysis.

rep|acemem schedule. Each of the settings in the least favor- Fo_r addltlor_1a| |nf_0rmat|c_)n on these and other probability distributions, |n(_:lud
ing variate relationships, estimating procedures, and random number generation, see

able combination when app“ed Sm_gly resulted 'n h'gh ValuelsEvans, Hastings, and Peacock, (Evans, Merran, Nicholas Hastings, and Brian
for LCC. Thus, when all three settings are applied in combi-Peacock, 1993tatistical DistributionsNew York, NY: John Wiley & Sons, Inc.).
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TABLE X3.2 Baseline Analysis LCC Calculations for the Minimum Acceptable Performance Product

Year in Calendar Year Capital Cost Maintenance and Residual Value Total Cost Present Value PV Cost
Study Period Repair Costs Factor
Column (1) Column (2) Column (3) Column (4) Column (5) Column (6) Column (7) Column (8)

(B)+A+(5) (6)(7)

0 1997 16.15 0.00 0.00 16.15 1.000 16.15

1 1997 0.00 161 0.00 1.61 0.935 1.50

2 1998 0.00 1.61 0.00 1.61 0.873 1.41

3 1999 0.00 1.61 0.00 1.61 0.816 1.31

4 2000 0.00 1.61 0.00 1.61 0.763 1.23

5 2001 0.00 1.61 0.00 1.61 0.713 1.15

6 2002 0.00 1.61 0.00 1.61 0.666 1.07

7 2003 0.00 1.61 0.00 1.61 0.623 1.00

8 2004 0.00 1.61 0.00 1.61 0.582 0.94

9 2005 0.00 1.61 0.00 1.61 0.544 0.88
10 2006 0.00 1.61 0.00 1.61 0.508 0.82
11 2007 0.00 1.61 0.00 1.61 0.475 0.76
12 2008 18.84 1.61 0.00 20.45 0.444 9.08
13 2009 0.00 1.61 0.00 1.61 0.415 0.67
14 2010 0.00 1.61 0.00 1.61 0.388 0.62
15 2011 0.00 1.61 0.00 1.61 0.362 0.58
16 2012 0.00 1.61 0.00 1.61 0.339 0.55
17 2013 0.00 1.61 0.00 1.61 0.317 0.51
18 2014 0.00 1.61 0.00 1.61 0.296 0.48
19 2015 0.00 1.61 0.00 1.61 0.277 0.45
20 2016 0.00 1.61 0.00 1.61 0.258 0.42
21 2017 0.00 1.61 0.00 1.61 0.242 0.39
22 2018 0.00 1.61 0.00 1.61 0.226 0.36
23 2019 0.00 1.61 0.00 1.61 0.211 0.34
24 2020 18.84 1.61 0.00 20.45 0.197 4.03
25 2021 0.00 1.61 -14.80 -13.19 0.184 -2.43
Present value of cost per square metre in 1997 dollars $44.26

TABLE X3.3 Baseline Analysis LCC Calculations for the Common Use Product

Year in Calendar Year Capital Cost Maintenance and Residual Value Total Cost Present Value PV Cost
Study Period Repair Costs Factor
Column (1) Column (2) Column (3) Column (4) Column (5) Column (6) Column (7) Column (8)

(3)+(4)+(5) (6)*(7)

0 1997 21.53 0.00 0.00 21.53 1.000 21.53

1 1997 0.00 1.08 0.00 1.08 0.935 1.01

2 1998 0.00 1.06 0.00 1.06 0.873 0.92

3 1999 0.00 1.04 0.00 1.04 0.816 0.85

4 2000 0.00 1.02 0.00 1.02 0.763 0.78

5 2001 0.00 1.00 0.00 1.00 0.713 0.71

6 2002 0.00 0.98 0.00 0.98 0.666 0.65

7 2003 0.00 0.96 0.00 0.96 0.623 0.60

8 2004 0.00 0.94 0.00 0.94 0.582 0.55

9 2005 0.00 0.92 0.00 0.92 0.544 0.50
10 2006 0.00 0.90 0.00 0.90 0.508 0.46
11 2007 0.00 0.89 0.00 0.89 0.475 0.42
12 2008 0.00 0.87 0.00 0.87 0.444 0.39
13 2009 0.00 0.85 0.00 0.85 0.415 0.35
14 2010 0.00 0.83 0.00 0.83 0.388 0.32
15 2011 24.22 0.82 0.00 25.04 0.362 9.08
16 2012 0.00 0.80 0.00 0.80 0.339 0.27
17 2013 0.00 0.79 0.00 0.79 0.317 0.25
18 2014 0.00 0.77 0.00 0.77 0.296 0.23
19 2015 0.00 0.76 0.00 0.76 0.277 0.21
20 2016 0.00 0.74 0.00 0.74 0.258 0.19
21 2017 0.00 0.73 0.00 0.73 0.242 0.18
22 2018 0.00 0.71 0.00 0.71 0.226 0.16
23 2019 0.00 0.70 0.00 0.70 0.211 0.15
24 2020 0.00 0.68 0.00 0.68 0.197 0.14
25 2021 0.00 0.67 -7.18 —-6.51 0.184 -1.20
Present value of cost per square metre in 1997 dollars $39.69
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TABLE X3.4 Baseline Analysis LCC Calculations for the Innovative Product

Year in Calendar Year Capital Cost Maintenance and Residual Value Total Cost Present Value PV Cost
Study Period Repair Costs Factor
Column (1) Column (2) Column (3) Column (4) Column (5) Column (6) Column (7) Column (8)

(B)+A+(5) (6)(7)
0 1997 26.91 0.00 0.00 26.91 1.000 26.91
1 1997 0.00 0.54 0.00 0.54 0.935 0.50
2 1998 0.00 0.53 0.00 0.53 0.873 0.46
3 1999 0.00 0.52 0.00 0.52 0.816 0.42
4 2000 0.00 0.51 0.00 0.51 0.763 0.39
5 2001 0.00 0.50 0.00 0.50 0.713 0.36
6 2002 0.00 0.49 0.00 0.49 0.666 0.33
7 2003 0.00 0.48 0.00 0.48 0.623 0.30
8 2004 0.00 0.47 0.00 0.47 0.582 0.27
9 2005 0.00 0.46 0.00 0.46 0.544 0.25
10 2006 0.00 0.45 0.00 0.45 0.508 0.23
11 2007 0.00 0.44 0.00 0.44 0.475 0.21
12 2008 0.00 0.43 0.00 0.43 0.444 0.19
13 2009 0.00 0.43 0.00 0.43 0.415 0.18
14 2010 0.00 0.42 0.00 0.42 0.388 0.16
15 2011 0.00 0.41 0.00 0.41 0.362 0.15
16 2012 0.00 0.40 0.00 0.40 0.339 0.14
17 2013 0.00 0.39 0.00 0.39 0.317 0.12
18 2014 0.00 0.39 0.00 0.39 0.296 0.11
19 2015 0.00 0.38 0.00 0.38 0.277 0.10
20 2016 29.60 0.37 0.00 29.97 0.258 7.74
21 2017 0.00 0.36 0.00 0.36 0.242 0.09
22 2018 0.00 0.36 0.00 0.36 0.226 0.08
23 2019 0.00 0.35 0.00 0.35 0.211 0.07
24 2020 0.00 0.34 0.00 0.34 0.197 0.07
25 2021 0.00 0.34 -20.18 -19.85 0.184 -3.66
Present value of cost per square metre in 1997 dollars $36.19
TABLE X3.5 Summary of the Results of the LCC Baseline TABLE X3.8 Results of the Sensitivity Analysis: Range of LCC
Analysis Values Due to Extreme Values of the Replacement Schedule

. Present Value of Costs in 1997 Alternative Present Value of Costs in 1997 Dollars

Alternative
Dollars Sooner Later

— Minimum acceptable $47.87 $41.58

Minimum acceptable $44.26 Common use product $44.12 $36.97

Common use product $39.69 Innovative product $40.12 $33.34

Innovative product $36.19 . ,

TABLE X3.9 Results of the Sensitivity Analysis: Range of LCC

TABLE X3.6 Results of the Sensitivity Analysis: Range of LCC values Due to Extreme Values of All Three Variables

Values Due to Extreme Values of the Discount Rate

Alternative Present Value of Costs in 1997 Dollars Alternative Present Value of Costs in 1997 Dollars
2% 10% Most Favorable Least Favorable
Minimum acceptable $65.13 $37.31 Combination Combination
P : : Minimum acceptable $32.05 $76.68
Common use product $52.29 $35.19
Innovative product $43.10 $33.71 Common use product $30.17 $65.77
p . . Innovative product $29.07 $53.80

TABLE X3.7 Results of the Sensitivity Analysis: Range of LCC
Values Due to Extreme Values of the Initial Cost

Alternative Present Value of Costs in 1997 Dollars

Low High
Minimum acceptable $40.29 $48.22
Common use product $36.19 $43.18
Innovative product $33.18 $39.20
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TABLE X3.10 Specifications for the Probability Distributions of the Input Variables Used in the Monte Carlo Simulations

Variable Name Probability Distribution Range
Baseline Value Minimum Maximum

Discount rate (expressed as a decimal) triangular 0.07 0.02 0.10
Initial cost ($ per square meter)

Minimum acceptable triangular $16.15 $13.46 $18.84

Common use product triangular $21.53 $18.84 $24.22

Innovative product triangular $26.91 $24.22 $29.60
Replacement schedule (asset life in years)

Minimum acceptable discrete 12 10 14

Common use product discrete 15 12 18

Innovative product discrete 20 16 24
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Note 1—To estimate the probability that the cost per square metre is less than or equal to a given amount, choose a value on the horizontal axis anc
draw a vertical line up to the point where it intersects the trace of the alternative(s) of interest. For example, the probability that the LC&a{peesent
of cost) per square metre is less than or equal to $40.00 is approximately 0.05 for the minimum-acceptable-performance product, 0.40 for theecommon-u
product, and 0.90 for the innovative product.
FIG. X3.1 Cumulative Distribution Function of the Present Value of Cost Due to Changes in the Discount Rate
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FIG. X3.2 Cumulative Distribution Function of the Present Value of Cost Due to Changes in Initial Cost
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FIG. X3.3 Cumulative Distribution Function of the Present Value of Cost Due to Changes in the Replacement Schedule

20



Ay E 2156

0.90 /// /
[ [

0.70 / /

0.60 / /

[ /[

0.40

Curpulative Probability

0.30

——Minimum

e Common Use

0.20

0.10 -//

0.60 -
25.00 30.00

— nnovative

g T

5.00 40.00 45.60 50.00 55.00 60.00 65.00 70.00

Present Value of Cost in 1997 Dollars

(752

Note 1—Both the common use product and the innovative product exceeded the minimum anticipated service of life of 10 years. If the specifier had
a life-cycle cost budget target of $40.00 per square metre (see element A10 in X1.2), then the common use product will meet that budget target with a
probability of 0.40 whereas the innovative product will meet it with a probability of 0.85.
FIG. X3.4 Cumulative Distribution Function of the Present Value of Cost Due to Changes in All Three Variables

TABLE X3.11 Summary Statistics Due to Changes in the Discount Rate

Alternative Present Value of Costs in 1997 Dollars
Minimum 25% 50 % 75 % Maximum Mean Standard
Deviation
Minimum $37.74 $42.87 $45.74 $50.30 $63.70 $46.92 $5.45
Common use $35.49 $38.86 $40.67 $43.37 $51.96 $41.35 $3.34
Innovative $33.74 $35.62 $36.77 $38.31 $42.98 $37.07 $1.91
TABLE X3.12 Summary Statistics Due to Changes in the Initial Cost
Alternative Present Value of Costs in 1997 Dollars
Minimum 25% 50 % 75 % Maximum Mean Standard
Deviation
Minimum $40.37 $43.08 $44.24 $45.45 $48.18 $44.25 $1.61
Common use $36.21 $38.51 $39.66 $40.76 $43.10 $39.63 $1.51
Innovative $33.27 $35.34 $36.20 $37.06 $38.98 $36.18 $1.24
TABLE X3.13 Summary Statistics Due to Changes in the Replacement Schedule
Alternative Present Value of Costs in 1997 Dollars
Minimum 25% 50 % 75 % Maximum Mean Standard
Deviation
Minimum $41.58 $44.26 $44.26 $45.95 $47.86 $44.39 $1.51
Common use $36.97 $38.70 $39.69 $39.69 $44.12 $39.70 $1.11
Innovative $33.34 $35.39 $36.19 $37.05 $40.12 $36.22 $1.18
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Alternative Present Value of Costs in 1997 Dollars
Minimum 25% 50 % 75 % Maximum Mean Standard
Deviation
Minimum $35.21 $42.36 $45.66 $50.31 $68.89 $46.88 $6.12
Common use $32.84 $38.54 $41.07 $43.99 $57.43 $41.50 $4.12
Innovative $31.36 $35.40 $36.97 $39.02 $46.92 $37.35 $2.78

The ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item
mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights,

and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
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