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INTRODUCTION

The net benefits (NB) method is part of a family of economic evaluation methods that provide
measures of economic performance of an investment over some period of time. Included in this family
of evaluation methods are life-cycle cost analysis, benefit-to-cost and savings-to-investment ratios,
internal rates of return, and payback analysis.

The NB method, sometimes called the net present value method, calculates the difference between
discounted benefits (or savings) and discounted costs as a measure of the cost effectiveness of a
project. The NB method is used to decide if a project is cost effective (net benefits greater than zero)
or which size or design competing for a given purpose is most cost effective (the one with the greatest
net benefits).

1. Scope Computer Program and User’s Guide to Building Mainte-
1.1 This practice provides a recommended procedure for ~nance, Repair, and Replacement Database for Life-Cycle
calculating and interpreting the NB method in the evaluation of ~ COSt Analysis, -
building designs and systems. Adjunct to Practices E 917, E 964, E 1057, E 1074, and
E 1122
2. Referenced Documents

2.1 ASTM Standards: 3 Termlno!ogy L . .
E 833 Terminology of Building Economigs 3.1 Definitions—For definitions of terms used in this

E 917 Practice for Measuring Life-Cycle Costs of Buildings Practice, refer to Terminology E 833.
and Building Systents ,

E 964 Practice for Measuring Benefit-to-Cost and Savingsf"' Summary of F’ra(?tlce . _
to-Investment Ratios for Buildings and Building Systéms ~ 4-1 This practice is organized as follows:

E 1057 Practice for Measuring Internal Rate of Return and 4-1.1 Section2, Referenced Documentd.ists ASTM stan-

Adjusted Internal Rate of Return for Investments in Build- dards referenced in this practice. o
ings and Building Systeris 4.1.2 Section3, Definitions—Addresses definitions of terms

E 1121 Practice for Measuring Payback for Investments ir'Sed in this practice. , _
Buildings and Building Systerds 4.1.3 Section4, Summary of Practice-Outlines the con-

E 1185 Guide for Selecting Economic Methods for Evalu-tents of the practice. _ _
ating Investments in Buildings and Building Systéms 4.1.4 SectionS, Significance and UseExplains the appli-
2.2 ASTM Adjuncts: cation of the practice and how and when it should be used.

Discount Factor Tables 4.1.5 Section6, Procedures-Summarizes the steps in mak-

Adjunct to Practice E 917 ing NB analysis. , ,
4.1.6 Section7, Compute NB-Describes calculation proce-

dures for NB.
4.1.7 Section8, Applications—Explains circumstances un-

1 This practice is under the jurisdiction of ASTM Committee E-6 on Performance . . .
P y der which the NB method is appropriate.

of Buildings and is the direct responsibility of Subcommittee E06.81 on Building
Economics.
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TABLE 1 Calculation of Net Benefits

A B
Year, t Benefits, B, dollars Costs, C ,, dollars l\;t_CaCsr g{;ﬁ\;\’rs szx :i(;tc;) PVNB, dollars
0 0 10 000 -10 000 1.000 -10 000
1 4000 3 000 +1 000 0.8696 +870
2 11 500 4500 +7 000 0.7561 +5 293
3 10 000 4 000 +6 000 0.6575 +3 945
4 8 000 5 000 +3 000 0.5718 +1715
Total 33500 26 500 +7 000 +1 823

A To find the PVNB of the net cash flow for each discounting period, the single present value (SPV) discount factor is multiplied times the net cash flow. For an explanation
of discounting factors and how to use them, see Discount Factor Tables, adjunct to Practice E 917.

4.1.8 Section9, Report—Identifies information that should 7. NB Computation

be included in a report of a NB analysis. 7.1 Computation of net benefits for any given project
o requires the estimation, in dollar terms, of differences between
5. Significance and Use benefits, and differences between costs, for that project relative

5.1 The NB method provides a measure of the economito a mutually exclusive alternative. The mutually exclusive
performance of an investment, taking into account all relevanélternative may be a similar design/system of a different scale,
monetary values associated with that investment over the dissimilar design/system for the same purpose, ordihe
investor’s study period. The NB measure can be expressed imthing case. Benefits can include (but are not limited to)
either present value or equivalent annual value terms, takingevenue, productivity, functionality, durability, resale value,
into account the time value of money. and tax advantages. Costs can include (but are not limited to)

5.2 The NB method is used to decide if a given project isinitial investment, operation and maintenance (including en-
cost effective and which size or design for a given purpose igrgy consumption), repair and replacements, and tax liabilities.
most cost effective when no budget constraint exists. 7.2 Eq 1lis used to compute the present value of net benefits

5.3 The net benefits method can also be used to determiff®VNB) for the proposed project relative to its mutually
the most cost effective combination of projects for a limitedexclusive alternative.
budget; that is, the combination of projects having the greatest

N
aggregate net benefits and fitting within the budget constraint. PVNB = t2‘6(8t - )i+ i) (1)
6. Procedures where:

6.1 The recommended steps for applying the NB method toB: = dollar value of benefits in periadfor the building or
an investment decision are summarized as follows: system being evaluated less the counterpart benefits
6.1.1 Make sure that the NB method is the appropriate in period t for the mutually exclusive alternative

economic measure (see Guide E 1185), __ against which it is being compared, _
6.1.2 Identify objectives, alternatives, and constraints, ~ Ct = dollar costs, including investment costs, in period

for the building or system being evaluated, less the
counterpart costs in periadfor the mutually exclu-
sive alternative against which it is being compared,

6.1.3 Establish assumptions,

6.1.4 Compile data (see the adjunct entitled “Computer
Program and User’'s Guide to Building Maintenance, Repair, . : X . ;
and Replacement Database for Life-Cycle Cost Analysis”), = number of discounting time periods in the study

6.1.5 Convert cash flows to a common time basis (discount- period, and . .
ing) i = the discount rate per time period.

6.1.6 Compute NBand compare alternatives, and 7.3 EqQ 2 can be used to convert the present value of net

6.1.7 Make final decision, based on NB results as well aé)enefits to annual value terms, whétes the number of years

consideration of risk and uncertainty, unquantifiable effectsn the study period.

and funding constraints (if any). AVNB = PVNB - [(i(1 + D)™/(1L+ )V — 1) )
6.2 Since the steps mentioned in 6.1.1-6.1.4 and in 6.1.7 a
treated in detail in Practice E 917 and briefly in Practices E 96 ] ) o
and E 1121, they are not discussed in this practice. In calcu- /-4 For a given problem and data set, solutions in either
lating NB, these four steps should be followed exactly agPresent value or annual value terms will be time equivalent
described in Practice E 917. The remainder of this practic¥@lues (although different in actual dollar values) and will

focuses on the computation and application of the NB measur&esult in the same investment or design decisions, provided
annual values are calculated using Eq 2.

7.5 Asimple application of Eq 1 is presented in Table 1 for
an initial investment of $10 000 that yields an uneven yearly
5 A computer program that produces NB measures consistent with this practiceash flow over four years. (|mp|icit|y, the mutually exclusive
is Petersen, S. R., “The NIST Building Life-Cycle Cost (BLCC) Computer H P in A min i ntr f
Program” and documentationFhe NIST Building Life-Cycle Cost (BLCC) Pro- alteomat;:/e IS. thelo nOctih gCﬁSﬂe) SS[.J Id 9 ?Dg/;(:BOU ft iteg
gram: User’'s Guide and Reference ManuBlISTIR 5185-3, National Institute of 15 /01 the discounted cas ows yie a 0 $ 823.

Standards and Technology, 1995. (Note that the sum of net cash flows, $7 000, is a much larger

here AVNB = annual value of net benefits.
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poosent Yalue 8.4 Fig. 1 also illustrates the application described in 8.1.
s Conservation . o That is, any level of conservation inputs portrayed in Fig. 1
onservation . . .
Costs Benefits within the bounds of zero an@; would be a cost-effective
(Energy Savings) investment.

8.5 The NB method is also used to compare projects or
| designs competing for the same purpose to see which is most
| economically efficient. Typical examples from the building
| industry include: {) how to select between single, double, or
: triple glazing; @) how to choose between a solar energy system
! and a conventional energy system; ar8] flow to choose
{ between a large dam and a small dam with levees to provide
i flood control. The most economically efficient project in each
53 Q, case would be the one with the greatest PVNB (Note 2).

Applying Eq 1, for example, to the selection of a flood control
Conservation Inputs . . .
- . - project, if PVNB is greater for the small dam and levees than
FIG. 1 Finding the Level of Energy Conservation That Maximizes
the PVNB for the large dam, then the small dam and levees are the
economically preferred system.
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Note 2—In these applications of NB analysis, it is assumed that the
value, since it fails to account for the time value of money_)initial cost of the alternatives considered does not exceed the available
The larger the PVNB for a given project, the more economi-Pudget

cally attractive it will be, other things being equal. 8.5.1 In using PVNB to compare mutually exclusive
7.6 To find the AVNB that is time equivalent to $1 823, Eq projects (that is, a set of projects from which one alternative
2 can be used. The equivalent AVNB is $639. can be selected), a common study period is required for a valid
economic comparison.
8. Applications 8.5.1.1 In comparing projects competing for the same pur-

ose, the analyst must sometimes normalize the PVNB with
. . espect to time in order to have a valid economic comparison.
effective if the PVNB is greater than zero. If the PVNB is Iess-l-hé) PVNB of projects with identical expected lives (F:)an be
than zero, then the project is not cost effective. compared directly. If the expected lives are different, however,
8.2 How large an investment to make (that is, what is thegdjustments are required. A common adjustment is to convert
most economically efficient scale) is generally answered witheach project’s life to the least common multiple of the lives of
NB analySiS. The size or scale of investment is increased Unt&” projects under consideration. By making assumptions about
the PVNB is maximized. Typical size or scale examples fromyeinvestment costs and earnings, a time-normalized PVNB can
the building industry include (1) how large a building t0 then be calculated for each project for comparison over the
construct, (2) how large a dam to construct, (3) how muchcommon study period.
insulation to put in a house, and (4) how many square feet of 8512 A second approach is to select the relevant time
collector area to install in a solar energy system. horizon of the investor as the length of the study period. Then
8.3 Fig. lillustrates graphically how the NB method is useduse replacements and residual values to evaluate each alterna-
to choose the economically efficient level of energy conservative within the common study period.
tion in a building (that is, where the PVNB is maximized). 8.5.1.3 A third approach for comparing projects with un-
Conservation costs, in present value terms, are shown tequal lives is to convert the PVNB calculated on the basis of
increase at an increasing rate as the physical quantity of inputsach project’s life to an annual value of net benefits (AVNB)
to conserve energyQ) is increased (for example, increased using Eq 2. The AVNB will yield a valid economic comparison
insulation). Conservation benefits (in present value terms), & the costs and benefits of each project are replicated exactly
measured by energy savings, also increase with additionalith each replacement.
inputs to energy conservation, but at a decreasing rate. The 8.6 Aggregate PVNB can be used to determine the most
difference between these dollar conservation benefits and costest effective allocation of a limited budget among nonmutu-
at any given level of conservation inputs is the PVNB. Theally exclusive projects. In general, the combination of projects
level of energy conservation where the PVNB is maximized iswith the greatest aggregate PVNB fitting within the budget
Q.. Any smaller Q,) or larger investments, or Q;) thanQ,  constraint is the most cost effective allocation. In order to
would be economically inefficient, because the potential PVNBaggregate the net benefits of nonmutually exclusive projects,
(profit) is greatest & (Note 1). Therefore, when using PVNB they must all be computed over the same study period.
as a guide, the economically efficient level of insulation for a
building is found by increasing applications of insulation until 9. Report
the PVNB is maximized.

8.1 The NB measure indicates that a given project is co

9.1 Areport of a NB analysis should include the following

Note 1—The efficient size could be smaller thy if the investment information: o . )
budget were limited and if other projects were available with incremental 9.1.1 The objective and the alternatives considered.
benefit-to-cost ratios greater than one. 9.1.2 Key assumptions and data including:
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ull
9.1.2.1 Discount rate, 9.1.4 Any significant effects that are not quantified in the
9.1.2.2 Study period, NB measure.
9.1.2.3 Cost data,
9.1.2.4 Benefits (savings) data, 10. Keywords

9.1.2.5 Grants, tax deductions, and

9.1.2.6 Financing terms.

9.1.3 The tax status of the investor together with the metho
of treating inflation.

10.1 benefit-cost analysis; building economics; economic
gvaluation methods; engineering economics; life-cycle cost
analysis; net benefits; net savings
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