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Standard Guide for
Selecting Economic Methods for Evaluating Investments in
Buildings and Building Systems !

This standard is issued under the fixed designation E 1185; 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.

€' Note—Footnote 5 of this standard was editorially corrected in September 1998.

1. Scope 4. Significance and Use

1.1 This guide identifies types of building design and 4.1 Standard practices for measuring the economic perfor-
building system decisions that require economic analysis anthance of investments in buildings and building systems have
recommends ASTM practices, adjuncts, and computer prdseen published by ASTM. A computer program that produces
grams that may be used to implement the appropriate econom@-onomic measures consistent with these practices is avail-
methods for each decision type. able® Discount factor tables have been published by ASTM to

facilitate computing measures of performance for most of the

2. Referenced Documents practices. A microcomputer program database and user’s guide

2.1 ASTM Standards: have also been published by ASTM as adjunct to help estimate
E 833 Terminology of Building Economiés maintenance, repair, and replacement data used in performing
E 917 Practice for Measuring Life-Cycle Costs of Buildings economic analyses.

and Building Systents 4.2 This guide can be used td) (dentify types of building

E 964 Practice for Measuring Benefit-to-Cost and Savingseesign and system decisions that require economic analgkis; (
to-Investment Ratios for Buildings and Building Systéms match the technically appropriate economic methods with the

E 1057 Practice for Measuring Internal Rate of Return andiecisions; and3) locate the methods in the ASTM practices
Adjusted Internal Rate of Return for Investments in Build- and adjuncts listed in Section 2.

ings and Building Systems 4.3 More than one method can be technically appropriate
E 1074 Practice for Measuring Net Benefits for Investmentgor many building decisions. Therefore the choice in practice

in Buildings and Building Systems of which technically appropriate economic method to use for
E 1121 Practice for Measuring Payback for Investments irevaluating a particular building decision will often depend on

Buildings and Building Systems the perspective of the user. Some examples of factors that
2.2 ASTM Adjuncts: influence the user arel) ease of applying the method®) (
Discount Factor Tables, level of familiarity of the user with the methods) (preference
Adjunct to Practice E 917 of the user for different methods, and) (presence of budget

Computer Program and User's Guide to Building Mainte-limitations for the projects.
nance, Repair, and Replacement Database for Life-Cycle 4.4 This guide identifies some features and limitations of the
Cost Analysis, methods that might influence users’ choices under varying
Adjunct to Practices E 917, E 964, E 1057, E 1074, E $121 conditions.

3. Terminology 5. How to Use This Guide
3.1 Definitions—For definitions of terms used in this guide, 5.1 Table 1 indicates which standard practices (that is,
refer to Terminology E 833. economic methods) are technically appropriate for the follow-

ing four types of building investment decisions: acceptance/
rejection, design, size, and priority.
5.1.1 In the context of this guide, an acceptance/rejection

1 This guide is under the jurisdiction of ASTM Committee E-6 on Performancedecision pertains to the cost effectiveness of an individual
of Buildings and is the direct responsibility of Subcommittee E06.81 on Building, ., . g . .. .
Economics. building or building system. This type of decision is made
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TABLE 1 Standard Practices For Making Building Decisions A
Applicable Standards

Type of

Building LCcC BCR IRR NB PB

Decision (E 917) (I(Esgngzl) (E 1057) (E 1074) (E 1121)
Acceptance & g g e €
or rejection
Design B b e g £
Size B b e & £
Priority or E s g £ £
ranking

A All of the practices require discounting operations, but only Practice E 917
explains discounting in detail. All of the methods can be applied using techniques
for treating uncertainty and risk. Practice E 917 discusses briefly some of these
techniques. The other practices do not discuss them.

B Technically appropriate standard practice when total discounted benefits
(savings) and costs are considered.

€ Note limitations in Table 3.

P Technically appropriate standard practice when incremental discounted ben-
efits (savings) and costs are considered.

£ Not recommended.

5.3 Once the type of decision has been identified and Table
1 has been consulted for the technically appropriate method,
there will be several methods from which to choose. Note that
while all of the methods that are marked as appropriate for a
given decision will generally give answers that support the
same decision (with the exception of payback), there are likely
to be special considerations that make one or more methods
preferred over the others. Examine the special considerations
listed in Table 3 before making a final choice of methods.

5.4 Examine the practice(s) that corresponds to the chosen
method(s). In the selected practice(s), read the sections on
significance and use, applications, and limitations. If the
practice(s) still seems appropriate, follow its procedures. If not,
repeat the process using Tables 1 through 3 until an acceptable
practice has been found or it has been determined that none of
the practices is suitable for the decision at hand.

5.5 For assistance in calculating the measure(s) of economic
performance provided by the selected method(s), use the two

independently of other project evaluations. It focuses on thadjuncts. The adjunct on Discount Factor Tables supports
merits of a single choice rather than on determining the mostianual calculations for all of the methods. The microcomputer

cost-effective design or size.

database program helps you estimate maintenance, repair, and

5.1.2 A design decision pertains to choices among competeplacement data. The Building Life-Cycle Cost Computer

ing designs for an individual building or building system,
where only one design can be chosen.

Program and User’s Guide supports computer calculations for
all the methods except net benefits where revenues are in-

5.1.3 A sizing decision pertains to choices among competvolved, and payback.

ing sizes or investment levels for an individual building or

building system, where only one size or level can be choser®- lllustrative Cases
5.1.4 A ranking decision entails choosing one or more 6.1 Section 6 illustrates how to use this guide to choose the
projects from a group of cost-effective projects when theappropriate practice for each of the four types of building

available budget is not sufficient to fund them all.

investment decisions listed in Table 2.

5.1.5 Examine Table 1 to find which methods should be 6.2 Acceptance or Rejection Decisions
considered for a given decision. The ASTM designations are 6.2.1 If it is known (by recognition of the type of decision

given in parentheses under the method names.
5.2 If there is any doubt as to which type of building

or by having examined examples in Table 2) that the building
decision to be made is one of accepting or rejecting an

decision shown in Table 1 best applies, consult the examples individual project, then a choice must be made from the five
Table 2. Table 2 lists examples for each of the four types opractices listed in Table 1. To illustrate how such a choice

decisions shown in Table 1. Find in Tel®2 a building decision

might be made, an accept/reject building decision is evaluated

similar to the one being analyzed, and select the correspondirig terms of the special considerations in Table 3.
decision type from Table 1. Section 6 contains illustrative cases 6.2.2 An example of an accept/reject building decision is

of this process.

whether to install a programmable time clock to control

TABLE 2 Examples of Building Investment Decisions

Type of Building Decision

Examples

Acceptance or rejection

A.1 Is a water heater insulation kit cost effective?

A.2 Are fire sprinklers cost effective?
A.3 Is a given control system cost effective for managing HVAC equipment?
A.4 Is a solar hot water system cost effective?

D.5 Which wall type (for example, masonry, wood frame, curtain wall) is most cost effective?

D.7 What kind of insulation (for example, cellulose, fiberglass, rigid foam) is most cost effective?

Design D.1 Is single, double, or triple glazing most cost effective?

D.2 What heating system is most cost effective?

D.3 Which orientation of a building is most cost effective?

D.4 Which code-approved plumbing system is most cost effective?

D.6 What floor finish (for example, carpeting, tile, wood) is most cost effective?
Size

D.8 Is an item with low first costs more cost effective than a more durable substitute with higher first costs?

Priority or ranking

S.1 What is the economically efficient level (Rvalue) of insulation in the walls and above the ceiling of a house?
S.2 How many square feet of collector area should be installed in a solar energy system?
S.3 What heat pump efficiency (for example, HSPF 1.75, 2.0, 2.25) is most cost effective?
S.4 What furnace efficiency (for example, AFUE 60 %, 75 %, 90 %) is most cost effective?
S.5 What air conditioner efficiency (for example, SEER 7.0, 9.0, 11.0) is most cost effective?
P.1 What combination of investments in a given building (for example, new water heater, new floor tile,
and new lighting system) is economically preferred when each is justifiable on economic
grounds, but insufficient funds are available to pay for all of them?
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TABLE 3 Special Considerations

Method Unit Meas_ure of Cost Nature of Cash Flows Limitations
Effectiveness

LCC $ primarily costs A single LCC measure gives no indication of economic merit of a building or
building component. LCC value for two or more alternatives are required for a
LCC comparison.

Alternatives being compared must be equivalent in other respects than LCC and
must be compared over the same study period.

BCR (SIR) dimensionless number benefits (savings) and costs Alternatives must be compared over the same study period unless replacement
assets can be expected to repeat the costs and savings (benefits) of the original
assets.

IRR percent rate of return benefits (savings) and costs If the assumed rate of return on the reinvested earnings (savings) is not equal to
the discount rate, then the IRR may yield inconsistent results with the BCR or SIR
when ranking projects.

Alternatives must be compared over the same study period unless replacement
assets can be expected to repeat the costs and savings (benefits) of the original
assets.

The Unadjusted Internal Rate of Return method may give incorrect solutions and
in some cases no unique solution.

NB $ benefits (savings) and costs Alternatives must be compared over the same study period.

PB time (usually years) benefits (savings) and costs Cash flows beyond the payback period are ignored.

The simple payback measure ignores the time value of money.
Projects based on this criterion may not be cost effective.

heating, ventilating, and air conditioning (HVAC) equipment in benefits or savings and are compared against the associated
a commercial building. The time clock would reduce electricityincreased capital cost. If the savings from the time clock
consumption by turning on only that part of the HVAC exceed its associated costs (for example, if the SIR > 1.0), then
equipment that is needed during hours when the building is nahe time clock is cost effective.
occupied. Each of the five practices indicated in Table 1 for this 6.2.5 The third method in Table 1 is the internal rate of
type of decision is examined to see how useful it would be inveturn (IRR). This is the only method in Table 3 that provides
assessing the cost effectiveness of the time clock. a rate-of-return measure in percentage terms. To use the IRR to
6.2.3 The first method indicated in Table 1 is life-cycle costevaluate the time clock investment, savings and cost data are
(LCC). Life-cycle costs are the sum over a given study periocheeded. The IRR is that rate of interest that discounts the future
of the costs of initial investment (less resale value), replacestream of cash flows (net savings in this case) to a sum that just
ments, operations (including energy use), and maintenance ae@uals the investment cost of the time clock. If the IRR is
repair of an investment decision (expressed in present Qjreater than the minimum acceptable rate of return to the
annual value terms). Table 3 shows that the LCC methoéhvestor (MARR), then the time clock is cost effective.
provides a dollar measure. Thus if decision makers want a _ _
dollar measure of cost effectiveness, LCC would meet that Note 1—The Internal Rate of Return of Practice E.1057 defines two
criterion. Table 3 also shows that the LCC method is mos RR measures: the unadjusted IRR (UIRR) and the adjusted IRR (AIRR).

ful wh h f . i If th incial he UIRR measure assumes that the net cash flows are reinvested at a rate
useful where cash flows are primarily costs. If the principa equal to that earned on the original investment, whereas the AIRR

items affected by the time clock are increased capital costs faheasure assumes that the net cash flows are reinvested at a rate different
the time clock and reduced energy costs, then the LCC methdebm that earned on the original investment. The AIRR measure will
would be appropriate. support the same answer to a given building decision as the other methods

6.2.3.1 To determine if the time clock is cost effective in listed in Table 1 for that type of building decision. The UIRR measure will
accordance with the LCC method, the LCC of providing"°t aways support the same answer. In addition, the UIRR method
heating and cooling without the time clock would be COmpareqsometlmes yleld_s multiple ;olutlons and_ therefore gives no clear answer as

. . . . . o whether the time clock is cost effective.

against the LCC of heating and cooling with the time clock,
where the costs of the time clock and its associated energy 6.2.6 The fourth method in Table 1 is net benefits (NB). If
costs are included. On economic grounds, the time clock woulthe benefits (savings) from the time clock exceed its cost, then
be acceptable if its LCC were less than the LCC without it. NB >0, and the time clock is cost effective.

6.2.3.2 Note that the LCCs for each alternative (as discussed 6.2.7 The fifth method shown in Table 1 is payback (PB). It
in limitations in Table 3) must be computed to make the LCCcalculates the time to recover investment costs using benefits
comparison. Note further that the two alternatives must bgsavings) and cost data. PB for the time clock is the number of
compared for the same period of time for the LCC comparisoryears required for savings from reduced energy costs to just
to be valid. equal the investment costs of the time clock. If PB (for

6.2.4 The second method indicated in Table 1 is the benefiexample, 3 years) is equal to or less than the maximum
to-cost ratio (BCR) or savings-to-investment ratio (SIR). Tableacceptable payback period (for example, 6 years), the time
3 shows this to be a dimensionless ratio of project benefits atlock will satisfy the payback criterion for acceptability.
savings to project costs. Benefits (savings) and costs atdowever, the limitations section of Table 3 indicates that PB is
needed to calculate this ratio. In evaluating the time clocka misleading measure of cost effectiveness because it ignores
investment, the problem must be structured so that the energyash flows beyond the payback year and, in the case of simple
cost reductions from having the time clock are expressed gsayback, it ignores the time value of money. Thus it is not a
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reliable measure of cost effectiveness when making acceptental IRR of the oil furnace, when compared to the gas
reject decisions. furnace base case, is the interest rate that discounts the stream
6.2.8 The first four methods will agree on whether to accepof differential future net cash flows between the two alterna-
the programmable time clock. The fifth method, PB, may ortives to just equal the extra investment cost of the oil furnace
may not agree because of the shortcomings noted in 6.2.7. over the gas furnace. If the incremental IRR > MARR, then the
6.3 Design Decisions oil furnace is more cost effective. On the other hand, if the
6.3.1 The use of Table 3 in selecting the appropriatdRR <MARR, then the gas furnace is more cost effective. The
practice(s) for a design decision is illustrated by the choice ofOSt-effective system becomes the base case against which the
a heating system to be installed in a new building. The desigh®Xt System is compared. Assuming the IRR > MARR, the
choice is among a conventional oil furnace, a solar energ{€Xt Step would be to compute the incremental IRR of the solar

system (including an electrical resistance backup system), ari'€rgy system over the oil furnace to see which of those two
a gas furnace. systems would be more cost effective.

6.3.2 Four methods are indicated in Table 1 to be technically 6-3-5 To determine which of the alternative heating systems

appropriate for evaluating design decisions. The first is LCC'S most cost effective using the NB method, net benefits are
The LCC (including investment, maintenance, energy, amg:omputed both for the oil furnace and for the solar energy

other related costs) for each of the three heating system desi@yStem in comparison to the base case of a gas furnace. The
alternatives is calculated for a common study period an lternative that yields the greatest NB is most cost effective. If

compared to see which system has the lowest LCC. Th B are negative for the oil furnace and solar energy system,

performance of the different systems must be the same in tern{8€N the gas furnace is most cost effective. _
of thermal comfort for the comparison to be valid. The least  6-3:6 The payback method is not recommended for design

costly system on a LCC basis would be the economicallydec's'or?s_ becaus'e' of the limitations cited in 6.2.7.
efficient choice. 6.4 Sizing Decisions

6.3.3 TheD used in Table 1 to indicate that BCR (SIR) ©6-4.1 The use of Table 3 in selecting the appropriate
measures can be used to evaluate design decisions means 'dard practice(s) for a sizing decision is illustrated by the
incremental or marginal benefits (savings) and costs must bgoice of insulation thickness for the exterior walls of a
used in the calculations instead of total benefits (savings) anguilding. TheR (thermal resistance) level of insulation is used
costs. This distinction is important because the use of totals if€r€ as the size index for two reasons. First, for any given type

the calculations of BCR (SIR) will generally lead to economi- of insulation, theR value is an increasing function of insulation
cally inefficient design choices. thickness. Second, insulation is packaged and solRvBlues.

6.3.3.1 Pair-wise comparisons are needed to compute incr \n example of a sizing decision apphca}ble.to wall msulatpn IS
choose one among the three following insulat®malues:

mental SIRs. Let us assume that initial investment costs ar 13 R15. andR19
lowest for the gas furnace, next lowest for the conventional oi ' o ' . . . .
6.4.2 Four methods are listed in Table 1 for making sizing

system, and highest for the solar energy system. The heating T the LCC thod. total lif | h
system with the least first cost, the gas furnace, is considere cisions. 10 use the method, total ite-cycle costs
|nclud|ng both energy costs and insulation material and

the base case. The incremental investment costs of the tallati ¢ lculated for edetevel of insulati
furnace are the difference between investment costs of the g afiation cos s) are calculate for € Vel ofinsufation.
eRvalue with the least LCC will be the most cost-effective

furnace and of the oil furnace. Incremental savings are the ™ ! e ;
difference between the present value of energy, maintenanc%hmce. Note in Table 3 that a limitation of the LCC method is

and other future net cash flows of the gas furnace and of the onat altlerntat_lves ”bel?r? compare(tj onTtr?e basis of I{E? ”?“S:hbe
furnace. The ratio of incremental savings to incrementafduiva'ent in-all other respects. IS means that, In the

investment costs is the incremental SIR of the oil furnace. [£OMPArNsons ofR—ngue_s, a prescrl_beq degree of thermal
the SIR > 1.0, then the oil furnace is preferred on economi omfort must be maintained in the building regardless of which

grounds to the gas furnace. If the oil furnace SIR < 1.0, the value is chosen. L . .
the gas furnace is preferred. The preferred system becomes the®-4-3 The BCR (SIR) is listed in Table 1 as appropriate for

base case against which the next alternative is then compareg2Nd decisions when computed on an incremental basis.
For illustrative purposes, assume the oil furnace is more costte'ting WithR13 as the base case size, the incremental SIR is

effective (oil furnace SIR > 1.0). The next step in the designcompUted for moving t&15. If that SIR > 1.0, the incremental

decision is to make a pair-wise comparison of the oil furnace to' R for moving fromR15 to R19 is computed. Incremental

the solar energy system. If the incremental SIR > 1.0 for the>!RS aré computed for successRealues until the SIR < 1.0.

solar energy system, then it is the cost-effective choice. If thd "€ 12StR value with an incremental SIR>1.0 is the most

incremental SIR < 1.0 for the solar energy system, then the offoSt-effective insulation size.

furnace is the cost-effective choice. Note 2—Increasing the size as long as the incremental SIR > 1.0 may
6.3.3.2 To make a valid economic comparison, the studywot yield the most cost-effective choice, however, if the investment is

period used in finding the present value of net cash flows mugharacterized by one or more sharp increases in costs that are prerequisite

be the same for each of the alternative heating systems to additional size expansion. For example, the increase in incremental
" .costs to enlarge the wall cavity to accommodate an insulation thickness

6.3.4 To determine which of the three heating systems 'éreater thanR13 might be higher than the corresponding incremental
most cost effective using the IRR, the benefits (savings) an@enefits from moving tR15, the next increment of insulation. Yet, to

costs again must be analyzed incrementally. Thus the increrove directly fromR13 toR19, the combined costs from extra insulation



NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

iy £ 1185

and enlarging the wall cavity might be more than covered by correspondbut there are insufficient funds to afford them all, the decision
ing incremental benefits. Thi9 would be more cost effective th&i3. becomes which project or group of projects to choose. For
Following the rule in 6.4.3 would lead under these circumstances t%xample if a new water heater, new floor tile, and new lighting
selecting R13, which is not the economically efficient choice. This ’ . L . ’ .

ystem were all being considered in the remodeling of a

problem in the use of incremental analysis for sizing also applies to> . o h .
incremental IRRs as described in 6.4.4. commercial building, an economic analysis could be per-

6.4.4 To determine with the IRR which of the three insula_formed to determine which is (are) economically justified. If

tion Rvalues is most cost effective, again the savings and Cos{?ere Were no b udggt constraint, then each project that met the
must be examined incrementally from oRealue to the next. acceptance criteria in 6.2.3-6.2.6 would be accepted. On the
For example, the incremental IRR of increasing Bealue other hand, if there were a budget constraint which would not

llow accepting all cost-effective projects, then some method

from R13 toR15 is the interest rate that discounts the stream OSE) K d aivi o liaibl ; Id b
differential energy savings between the two alternatives to ju nge:jaer]d Ing and giving priority to eligible projects would be

equal the extra investment cost of haviRg)5 instead oR13.
Any increase in the insulation level should be accepted as long 6.5.2 Table 1 indicates that BCR (SIR) or IRR can be used
as its incremental IRR > MARR. to rank projects. Assuming that the water heater, floor tile, and

6.4.5 The NB method can also be used to decide which ofighting are each economically justifiable, but that funding
the threeR values is most cost effective. The benefits (fordoes not permit investing in all of them, the three projects
example, energy cost reductions) and insulation costs are firgtould be funded in descending order of their SIRs or IRRs
determined for eaclR value relative to the base case of no until the budget is exhausted. This procedure would indicate
insulation. Then net benefits are computed for eRaoralue.  the one or more of the projects that together would maximize
The R value that yields the maximum NB is the most net benefits from the budgeted expenditure. Limitations of the
cost-effective choice. SIR and IRR have been pointed out previously in this guide.

6.5 Ranking Decisions The actual choice between the two methods depends to a great

6.5.1 When two or more projects are non-competing in theextent on whether the decision maker prefers to work with a
sense that selecting one does not preclude selecting any othpgrcentage rate-of-return or with a dimensionless ratio.
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