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Standard Guide for

Selecting Techniques for Treating Uncertainty and Risk in
the Economic Evaluation of Buildings and Building
Systems *

This standard is issued under the fixed designation E 1369; 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 epsilonejf indicates an editorial change since the last revision or reapproval.

1. Scope Discount Factor TablgsAdjunct to Practice E 957

1.1 This guide recommends techniques for treating uncer- Computer Program and User's Guide to Building Mainte-
tainty in input values to an economic analysis of a building ~ hance, Repair, and Replacement Database for Life-Cycle
investment project. It also recommends techniques for evalu-  COost AnalysisAdjunct to Practices E 917, E 964, E 1057,
ating the risk that a project will have a less favorable economic ~ E 1074, and E 1123.
outcome than what is desired or expected. -

1.2 The techniques include breakeven analysis, sensitivit?' Termm_ol_o_gy L o _
analysis, risk-adjusted discounting, the mean-variance criterion 3-1 Definitions—For definitions of terms used in this guide,
and coefficient of variation, decision analysis, and simulation/€fer to Terminology E 833.

1.3 The technigues can be used with economic methods thgg Summary of Guide

measure economic performance, such as life-cycle cost analy- . L .
sis, net benefits, the benefit-to-cost ratio, internal rate of return, 4-1 This guide identifies related ASTM standards and ad-

and payback. juncts. It describes circumstances when measuring uncertainty
and risk may be helpful in economic evaluations of building

2. Referenced Documents investments. This guide defines uncertainty, risk exposure, and
2.1 ASTM Standards: risk attitude. It presents nonprobabilistic and probabilistic

E 833 Terminology of Building Economigs techniques for measuring uncertainty and risk exposure. This

E 917 Practice for Measuring Life-Cycle Costs of Buildings 9uide describes briefly each technique, gives the formula for

and Building Systends calculating a measure where appropriate, illustrates the tech-

E 964 Practice for Measuring Benefit-to-Cost and SavingsDiques with a case example, and summarizes its advantages
to-Investment Ratios for Buildings and Building Systéms and disadvantages. . _

E 1057 Practice for Measuring Internal Rate of Return and 4-2 Since there is no best technique for measuring uncer-
Adjusted Internal Rate of Return for Investments in Build-t@inty and risk in every economic evaluation, this guide
ings and Building Systerfis concludes with a discussion of how to select the appropriate

E 1074 Practice for Measuring Net Benefits for Investmentd€chnique for a particular problem. .
in Buildings and Building Systerfis 4.3 This guide describes in detail how risk exposure can be

E 1121 Practice for Measuring Payback for Investments ifmeasured by probability functions and distribution functions
Buildings and Building Systerfis (see Annex Al). It also describes how risk attitude can be

E 1185 Guide for Selecting Economic Methods for Evaly-incorporated using utility theory and other approaches (see
ating Investments in Buildings and Building Systéms ~ Annex A2).

2.2 ASTM Adjuncts: 5. Significance and Use

5.1 Investments in long-lived projects such as buildings are

[ characterized by uncertainties regarding project life, operation
1 This guide is under the jurisdiction of ASTM Committee E-6 on Performance 8Nd maintenance costs, revenues, and other factors that affect

of Buildings and is the direct responsibility of Subcommittee E06.81 on Building project economics. Since future values of these variable factors

Economics. [T ; ;
Current edition approved Sept. 10, 1998. Published April 1999. Originallyare generally noF known, it is difiicult to make reliable
published as E 1369 — 90. Last previous edition E 1369 — 93. economic evaluations.

2 For an extensive overview of techniques for treating risk and uncertainty, see 5.2 The traditional approach to project investment analysis
Marshall, Harold E.—Fechniques for Treating Uncertainty and Risk in the Eco-
nomic Evaluation of Building Investmentdlational Institute of Standards and

Technology, Special Publication 757, 1988. s .
3 Annual Book of ASTM Standagdéol 04.07. Available from ASTM Headquarters. Order PCN 12-509179-10.

4 Annual Book of ASTM Standardéol 04.11. ® Available from ASTM Headquarters. Order PCN 12-509171-10 for the 3.5 in.
disk. Order PCN 12-509172-10 for the 5.25 in. disk.

Documents

Document Sharing Hub

Full document details: ASTM E1369-98


http://www.avadocuments.com/doc/astm-e1369-98
http://www.avadocuments.com/doc/astm-e1369-98

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

v £ 1369

has been to apply economic methods of project evaluation t8ection 7 and Annex A2).

best-guess estimates of project input variables as if they were 6.1.6 Compute measures of woléind associated risk (see
certain estimates and then to present results in single-valu§ections 7 and 8).

deterministic terms. When projects are evaluated without 6.1.7 Analyze results and make a decision (see Section 9).
regard to uncertainty of inputs to the analysis, decision makers 6.1.8 Document the evaluation (see Section 11).

may have insufficient information to measure and evaluate the

risk of investing in a project having a different outcome from 7. Techniques: Advantages and Disadvantages

what is expected. 7.1 This guide considers in detail three nonprobabilistic
5.3 Risk analysis is the body of theory and practice that hagechniques (breakeven analysis, sensitivity analysis, and risk-
evolved to help decision makers assess their risk exposures aggljusted discounting) and three probabilistic techniques (mean-
risk attitudes so that the investment that is the best bet for the%riance criterion and coefficient of Variation, decision ana|y_
can be selected. sis, and simulation) for treating uncertainty and risk. This guide
Note 1—The decision maker is the individual or group of individuals 8lSO summarizes several additional techniques that are used

responsible for the investment decision. For example, the decision maké@ss frequently.
may be the chief executive officer or the board of directors. 7.2 Breakeven Analysis

5.4 Uncertainty and risk are defined as follows. Uncertainty 7-2-1 When an uncertain variable is critical to the economic
(or certainty) refers to a state of knowledge about the variabl§UCcess of a project, decision makers frequently want to know
inputs to an economic analysis. If the decision maker is unsur® Minimum or maximum value that variable can reach and
of input values, there is uncertainty. If the decision maker isStill have a breakeven project; that is, a project where benefits

sure, there is certainty. Risk refers either to risk exposure ofSavings) equal costs. For example, the breakeven value of an
risk attitude. input costvariable is the maximum amount one can afford to

5.4.1 Risk exposure is the probability of investing in aPay for the input and still break even compared to benefits

project that will have a less favorable economic outcome thafarmned. A breakeven value of an inthénefitvariable is the
what is desired (the target) or is expected. minimum amount the project can produce in that benefit

5.4.2 Risk attitude, also called risk preference, is the will-category and still cover the projected costs of the project.
ingness of a decision maker to take a chance or gamble on annore 3—Benefits and costs are treated throughout this guide on a
investment of uncertain outcome. The implications of decisiortiscounted cash-flow basis, taking into account taxes where appropriate.
makers having different risk attitudes is that a given investmen{See Practice E 917 for an explanation of discounted cash flows consid-
of known risk exposure might be economically acceptable t¢ring taxes.)
an investor who is not particularly risk averse, but totally 7.2.2 To perform a breakeven analysis, an equation is
unacceptable to another investor who is very risk averse.  constructed wherein the benefits are set equal to the costs for a

Note 2—For completeness, this guide covers both risk averse and risgven InveStm_ent project, th_e_ values of all inputs except the.
taking attitudes. Most investors, however, are likely to be risk averse. Th reakeven variable are specified, and the breakeven variable is
principles described herein apply both to the typical case where investogolved algebraically.
have different degrees of risk aversion and to the atypical case where some7.2.3 Suppose a decision maker is deciding whether or not
investors are risk taking while others are risk averse. to invest in a piece of energy conserving equipment for a

5.5 No single technique can be labeled the best technique @overnment-owned building. The deviation of the formula for
every situation for treating uncertainty, risk, or both. What iscomputing breakeven investment costs for the equipment is as
best depends on the following: availability of data, availability follows:
of resources (time, money, expertise), computational aids (for s=cC (1)
example, computer services), user understanding, ability to C=1+08&M +R
measure risk exposure and risk attitude, risk attitude of

e . X . =1+ +
decision makers, level of risk exposure of the project, and size S=1+0&M+R

of the investment relative to the institution’s portfolio. I =S—-0&M - R
where:
6. Procedures ) ) = savings (benefits) in reduced energy costs from
6.1 The recommended steps for carrying out an evaluation using the equipment,
of uncertainty or risk are as f_ollows: . C = all costs associated with the equipment,
6.1.1 Determine appropriate economic measure(s) forl = initial investment costs of the equipment,
evaluating the investment (see Guide E 1185). O&M = operation and maintenance costs of the equip-
6.1.2 Identify objectives, alternatives, and constraints (see ment,

Practices E 917, E 964, E 1057, E 1074, and E 1121).
6.1.3 Decide whether an uncertainty and risk evaluation is
needed, and, if so, choose the appropriate technique (see———
Sections 5, 7, 8, and ]_0)_ ” A computer program that produces economic measures consistent with ASTM

; ; iJiactices is Petersen, S. R., “The NIST Building Life-Cycle Cost (BLCC) Computer
6.1.4 Complle data (See AdJunCt Database) and eStab“s&{rogram” and documentationFhe NIST Building Life-Cycle (BLCC) Program:

assumptions fOI’l the gvaluqtion (see Section 7) User's Guide and Reference ManuhlISTR 4481, National Institute of Standards
6.1.5 Determine risk attitude of the decision maker (seend Technology, 1991. DOCU ments
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R = rep|acement costs required to keep the equipmenﬂ"lOUl’S saved. Assume that the initial price of energy and the
functional over the study period, and where all number of kilowatt-hours saved are relatively certain, and that

cost and benefit cash flows are discounted tothe sensitivity of the BCR is being tested with respect to the
present values. following three values of energy price change: a low rate of

7.2.4 By rearranging terms, the breakeven investment urEnergy price escalation (slowly increasing benefits from energy
known is isolated on the left side of the equation. Substitutiorf@vings); a moderate rate of escalation (moderately increasing
of known values for the terms on the right side allows thePenefits); and a high rate of escalation (rapidly increasing
analyst to solve for the breakeven value. For examples if benefits). These three assumed values of energy price change

= $20 000, O&M= $2 500, ancdR = $1 000, might correspond to our projections of pessimistic, expected,
then and optimistic values. Three BCR estimates result from repeat-
_ . 3 ing the BCR computation for each of the three energy price
| =$20000- $2 500~ $1 000 @ escalation rates. For example, BCRs of 0.8, 2.0, and 4.0 might
or result. Whereas a deterministic approach might have generated
| =$16 500 (3) aBCR estimate of 2.0, now it is apparent that the B&RId

7.2.5 This means that $16 500, the breakeven value, is th%e significantly_ less than 2.0, and even I_ess than 1.0. Thus
. ; ' ccepting the time clock could lead to an inefficient outcome.

maximum amount that can be paid for the energy-conse_rvm& 7.3.4 There are several advantages of sensitivity analysis.
equipment and still recover all costs through energy SAVINGSEirst it shows how significant a single input variable is in

(126 A adantageofbreakeven analys 1 Mt 1 can b g projot uiomes. Second  cognzes e u
b q y y : certainty associated with the input. Third, it gives information

simpl?ﬁes project evaluation in that it gives just one value t.oal?out the range of output variability. And fourth, it does all of
decision ”.‘akers to use as a benchmark for comparison agaifgl,qq \when there is little information, resources, or time to use
the predicted performance of that uncertain variable

) - .-~ mpre sophisticated techniques.
Breakeven analysis helps decision makers assess thehkehhoodc;'&5 Disadvantages of sensitivity analysis in evaluating

of achieving the breakeven value and thereby COntrIbUteﬁsk are that it gives no explicit probabilistic measure of risk

|m$I|20|;IyA'\todt_hedanaltyS|s qf ptfjfc.i risk. i babilisti exposure and it includes no explicit treatment of risk attitude.
.0 A diSadvantage Is that It provides no probabllistiCrye findings of sensitivity analysis are ambiguous. How likely
picture ofmpu_t \{anable uncertamty or of project ”S.k EXposure.g 5 pessimistic or expected or optimistic value, for example,
Furthermorg_, |_t mcIudes. no explicit treatment of risk attltude.and how likely is the corresponding outcome value? Sensitivity
7.3 Sensitivity Analysis _ ~analysis can in fact be misleading if all pessimistic assumptions
7.3.1 Sensitivity analysis measures the impact on projec§, a|| optimistic assumptions are combined in calculating
outcomes of changing a key input value about which there igconomic measures. Such combinations of inputs are unlikely
uncertainty. For example, choose a pessimistic, expected, ang the real world.
optimistic value for an uncertain variable. Then do an eco- 736 Sensitivity results can be presented in text, tables, or
nomic analysis for each of the three values to see how thSraphs. One type of graph that is useful in showing the
outcome changes as they change, with other things held th&nsitivity of project worth to a critical variable is illustrated in
same. o _ _ _ ~ Fig. 1. Net benefits (NB) for Projects A and B decrease as the
~ 7.3.2 Sensitivity analysis also applies to different combinagiscount rate increases. The slopes of the functions show that
tions of input values. That is, alter several variables at once angjB is more sensitive to discount rate changes for Project A
then compute a measure of worth. For example, one scenarifian for Project B, assuming other variables remain unchanged.
might include a combination of all pessimistic values, anotherrhese functions also help in making comparisons as to which
all expected values, and a third all optimistic values; or aproject is more cost effective. At a discount rate below 7 %, for

combination might include optimistic values for some vari- example, Project A has the greater NB. At a rate above 7 %,
ables in conjunction with pessimistic or expected values for

others. Examining different combinations is required if the Project A
uncertain variables are interrelated.

7.3.3 The following illustration of sensitivity analysis treats
an accept/reject decision. Consider a decision on whether or
not to install a programmable time clock to control heating,
ventilating, and air conditioning (HVAC) equipment in a
building. The time clock reduces electricity consumption by
turning off that part of the HVAC equipment that is not needed
during hours when the building is unoccupied. Using the
benefit-to-cost ratio (BCR) as the economic method, the time
clock is acceptable on economic grounds if its BCR is greater
than 1.0. The energy reduction benefits from the time clock, o s s & 7 s v 15 u 12
however, are uncertain. They are a function of three factors: the Discovat Rate (%)

initia_l price of energy, .the rate of change in energy pric_es OVEIF|G. 1 Sensitivity of Net Benefits of Projects A and B to Discount
the life cycle of the time clock, and the number of kilowatt Rate Documents

Net Benefits ($)
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Project B yields the greater NB. And at 7 %, the two projects 7.3.10 Spider diagrams can be helpful when comparing
provide identical NB. competing projects as long as the decision maker keeps in mind
7.3.7 Note that the functions indicate the potential values ofhat extreme values of the measure of worth reflect variations
NB if different values of the discount rate occur. If decisionin one variable only. For example, look at the spider diagram
makers have some idea as to the likelihood of specific discourbr Projects A and B in Fig. 3. The NB of Project Ais a function
rates, the graph will help them evaluate the NB implications forof variables A1 and A2, and the NB of Project B is a function
these two projects. The sensitivity graph in this sense contribef variables B1 and B2. The horizontal axis suggests that
utes to an implicit description of risk exposure. Yet the graphProject B has a higher present value net benefits ($90 000) than
fails to provide a quantitative measure of the probability of anyProject A ($50 000). That is, if only best-guess values were
given NB occurring. used in a single-value, deterministic approach, Project B would
7.3.8 Another special graph for sensitivity analysis thatbe the preferred project. However, if we assign, say a 50 %
presents a snapshot of potential impacts of uncertain inpuwtonfidence interval about the uncertain variables A1, A2, B1,
variables on project outcomes is the spider diagram. The onend B2, as shown by X's on the functions, there appears the
illustrated in Fig. 2 shows for a prospective commercialpossibility that Project A could yield a higher NB than Project
building investment the sensitivity of the adjusted internal rateB. That is, within that confidence interval, if the extreme B1
of return (AIRR) to three variables: operation, maintenanceyalue to the left were to occur, Project B would yield a lesser
and replacement costs (OM&R); project life (PL); and theNB than would Project A for A1 or A2 extreme values to the
reinvestment rate (RR). Each variable is represented by kft. Furthermore, if A1 and B1 were the same input variable,
labeled function that shows what AIRR values would resultwe would know that Project A would be preferred at values of
from different values of the uncertain variable. For example Al and B1 above 10 % over the best-guess value, and Project
the downward-sloping OM&R function indicates that the B would be preferred at values of A1 and B1 below 10 %.
AIRR is inversely proportional to OM&R costs. By design, the 7.3.11 Once again, however, sensitivity analysis gives no
OM&R function (as well as the other two functions) passesindication of the probability of any given value of NB.
through the horizontal axis at the best-guess estimate of theurthermore, because only one variable is allowed to change at
AIRR (15 % in this case), based on the best-guess estimates aftime, and NB is a function of more than one variable,
the three uncertain variables. Since each of the variables Eensitivity analysis gives an incomplete description of the
measured by different units (money, years, and percent), thgossible outcomes.
vertical axis is denominated in positive and negative percent 7.4 Risk-Adjusted Discounting
changes from the best-guess values fixed at the horizontal axis.7.4.1 One technique used by the business community to
The AIRR value corresponding to any given percent variatioraccount for risk is the risk-adjusted discount rate (RADR). The
indicated by a point on the function is found by extending aobjective of using the RADR technique is to raise the likeli-
line perpendicular to the horizontal axis and reading directlyhood that the investor will earn a return over time sufficient to
the AIRR value. Thus a 30 % increase in the best-guessompensate for extra risk associated with specific projects.
reinvestment rate would yield a 25 % AIRR, assuming other 7.4.2 Projects with anticipated high variability in distribu-
values remain unchanged. tions of project worth have their net benefits or returns
7.3.9 The contribution of the spider diagram is its picture ofdiscounted at higher rates than projects with low variability.
the relative importance of the different uncertain variables. IfThus in computing net benefits or the benefit-to-cost ratio, the
shows immediately that the lesser the slope of a function, thdiscount rate is higher for benefit streams of risky projects than
more sensitive is the AIRR to that variable. For example, anyor those with certain outcomes. Or when applying rate-of-
given percent change in OM&R will have a greater impact onreturn methods, the minimum acceptable rate of return
the AIRR than will an equal percent change in RR or PL.  (MARR) is raised above the risk-free rate to compensate for
+ the higher variability of returns in risky projects.
7.4.3 Calculate the RADR as follows:

o/ &8 &

=4
o
[V N
'
8
el
™t

Variation From "Best-Guess” Valves (%)

S\S

Adjusted Internal Rate of Retum (%)

Note 1—PL = project life,
RR = reinvestment rate, and
OM&R = operation, maintenance, and replacement costs
FIG. 2 Spider Diagram Showing Sensitivity of the Adjusted

Variation From "Best-Guess” Values (%)

- Net Benefits ($1,000)
Internal Rate of Return to Variations in Uncertain Variables FIG. 3 Spider Diagrams for Competing P%cu ments
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RADR = RF + AR1 + AR2 (4)  sure, and risk attitude.

where: 7.4.10 A major limitation in using the RADR s the lack of
RF = risk-free rate, any accepted procedure for establishing the RADR value. It is
AR1 = adjustment for normal risk encountered in the typically estimated based on the dec_ision maker’s pest jl_Jdg-

firm’s operations, and ment. One common approach is to simply lump projects into
AR2 = adjustment for extra risk above or below normal fisk categories, each of which has an assigned RADR. There is

risk. little fine tuning. Furthermore, there is no distinction between

All terms are expressed as percents. adjustments for handling risk exposure and risk attitude.

7.4.4 The risk-free rate (RF) component accounts for the 7-4.11 Acommon mistake in application is to use a constant
time value of money. It is what might be earned, for example AR2 over the entire study period. This distorts risk adjustment
on government treasury bills, the closest thing to a risklesyvhen there are periods for which no special adjustment is
investment available to most investors. The adjustment fopecessary above or below what is considered normal risk. A
normal risk (AR1) is the risk premium that a firm might impose constant AR2 also distorts risk adjustment because it implies in
to cover the average riskiness of its normal operations. Thgffect that returns become exponentially more uncertain over
sum of RF and AR1 should equal the MARR the firm requirestime, which is often not the case. Thus a discount rate that
on typical investments. The AR2 component adjusts foincludes a constant AR2 severely reduces the weight of net
projects with more or less risk than what is normally associate@€nefits accrued in later years, regardless of the certainty of
with the firm. The adjustment can be positive or negative. their occurrence. This biases selection towards projects with

7.4.5 For discountingenefitstreams, AR2 is an increasing &'y payoffs. To avoid this common mistake in application and
function of (1) the perceived variability in project outcomes ItS resulting bias, use a variable AR2.

(risk exposure) and?j the degree to which the decision maker 7.5 Mean-Variance Criterion and Coefficient of Variation
is risk averse (risk attitude). Focost streams, AR2 is a 7.5.1 Comparing mean values and standard deviations of
decreasing function of those same risk factors. measures of project worth can help decision makers evaluate

7.4.6 For computing the RADR, each benefit and costeturns and risk exposure of one project versus another and
stream should be discounted with a unique RADR that includegetermine stochastic dominance. If two projects competing for
AR1 and AR2 values that describe that stream’s uncertaintyimiting funds are compared on the basis of BCRs, for
For benefit or savings streams, AR1 and AR2 are adjustegxample, the mean-variance criterion dictates that the one with
upwards as perceived risk increases; that is, as future beneftize higher mean (that is, expected value) and lower standard
become more uncertain, the RADR technique requires raisingéeviation be chosen. This presumes that decision makers prefer
the discount rate to make the project look less desirable. Fdtigher BCRs to lower BCRs and less risk to more risk.
cost streams, AR1 and AR2 are adjusted downwards as 7.5.2 If one project has a higher mean and higher standard
perceived risk increases; that is, as future costs become modeviation of the measure of project worth, then the choice is
uncertain, the correct application of the RADR techniquenot clear with the mean-variance criterion. In this case, the
requires lowering the discount rate to make the project loolcoefficient of variation can be computed to determine the
less cost effective. It follows then that the appropriate adjustrelative risk of the two projects. The coefficient of variation is
ment for risk when using life cycle cost (LCC) analysis is afound by dividing the standard deviation by the mean as
decrease in the discount rate for each cost stream to maltellows:

project costs appear higher. Otherwise LCC analysis will be CV = oly, )
biased in favor of projects with a greater risk of higher-than-
anticipated costs. where: _ o
7.4.7 Let us look once again at the BCR of the time clock CV = coefficient of variation,
for an illustration of the RADR when making an accept/reject © ~ — Standard deviation, and
decision. If no unusual risk is associated with the time clock,# = Mean or expected value.

the discount rate is equal to the sum of RF and AR1 as shown 7-5-3 The project with the lower coefficient of variation has
under Eq 4. Let us suppose that the BCR for the time clock i$h€ Iesser risk per unit of return or project worth. It will be
1.1 in this case. Thus it appears economically sound. preferred by risk-averse decision makers. Risk-taking decision
7.4.8 Now let us assume instead that the economic perfofl@kers, on the other hand, will prefer the project with the
mance of the time clock is more risky than average. This mighfligher coefficient.
arise, for example, from the impact of uncertain kilowatt-hour 7.5.4 An advantage of the coefficient of variation is that it
reductions or uncertain future energy prices_ Furthermore, |enrovides an explicit measure of relative risk exposure. Another
us assume that the decision maker is risk averse. Using tHé that risk attitude is considered when the decision maker
RADR technique, we raise the discount rate for evaluatingtvaluates the coefficients of variation to choose among alter-
energy cost savings by some positive value of AR2. If thenative projects. The major limitation is in acquiring theand
resulting BCR falls below 1.0, the project no longer appeargt values for the measure of project worth.
economically acceptable. 7.6 Decision Analysis
7.4.9 Advantages of the RADR technique are that it is 7.6.1 Decision analysis is one of the few techniques for
relatively simple to understand; it is easy to compute; and itmaking economic decisions in an uncertain environment that
accounts to some extent for uncertainty of inputs, risk expotreats formally both risk exposure and risID@chI ﬁ-‘)@m
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