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Provides th€ national system of physical and chemical measurement;
coordinates the system with measurement systems of other nations and
furnishes essential services leading (o accurate and uniform physical and
chemical measurement throughout the Nation’s scientific community, in-
dustry, and commerce; provides advisory and research services to other
Government agengies; conducts physical and chemical research; develops,
produces, and distributes Standard Reference Materials; and provides
calibration services. The Laboratory consists of the following centers:

Basic Standards®
Radiation Research
Chemical Physics
Analytical Chemistry

Fhe National Engineen'ng Labora(ory
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Preface

!

[

This workbook has been prepared for participants in the seminar, “Economic
Evaluation of Building Design, Construction, Operation and Maintenance.” It °
Las two main functions: (1) to provide basic resource materials, references,

and introductions to methods employed in the seminar and (2) to provide

instructional problems for solution by the participants.

Specifically, it contains brief discussions of key elements in performing
economic evaluations: discounting, escalation, establishing a study period,
project selection techniques, anc, treatment of uncertainty; explanations of
supporting analysis techniques: break-even analysis and replacement theory;
and problems, worksheets, and solutions. Cross references are given to related
sections of a reference manual (NBS Handbook 135) and to case studies which
illustrate the topics.

. <
The objectives of the seminar are to provide participants with a working
knowledge of economic evaluation procedures for making building decisions, and
to improve their decision-making abilities related to cost management and to

the design and selection of buildings and building systems.

The seminar has been developed for building design engineers and architects,

.project planning and programming statf, managers of building programs,

procurement officers and contract coordinators, building construction

estimators, and building analysts.
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Sample
-Seminar Agenda

/ Day 1 ’ TN
8:45 Preliminarieg

9:00 Introduction to the Seminar (Section 1)* ,

9:30 Fundamentals of Benefit<Cost and LCC Analysis (Section 2)

-

~  10:15 Break
10:30 Class Problems in Discounting (Section 11)
11:00 LcC, NB, NS, BCR, SIR, IRR, and PB Analysi;
12:00 Lunch ] /
1:15 Pipe Insulation Retrofit Problem (Section 5)
2:15‘ Break
2:30 Programmable Time Clock Problem (Sections 10 anJull)

3:30 Review and Discussion ' -

4:15 Adjournment \

. 1

* References in parentheses are to sections of the workbook.
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8:45

9:15
9:45
10:30
10:45
11:15
12:00

1:00

2:15
2:30
2:45
3:00

3:30

3:4;

e " Day 2 .
‘ ' :
Review of 1st Day Material - Questions and Answers
Determining‘Project Priority
Water Conservation Problem (Sections 10 and 12)
Break
Project Design, Sizing, and Selection
Treatment of Cost Escalation
Lunch

!

Team Problem ~ Planning an Energy Conservation Package (Segtions 10
' and 12)

Sensitivity and Probability'Analysis (Sections 6 and 7)
Break .

Problem in Sensitivity Analysis (Section 13)

Problem in Probability Analysis (Section 13)

Choosing a Study Period (Section 4)

Adjournment




!

‘ Day 3 h
;' ‘o ’ - ‘ I . ' ™~
) _ - ! N
8:45 Review of 1st and 2nd Day Material - Questions and Answers . , \\
9:15 Break-Even ﬁalysis (Section 8) J ) A
10:00 Team Problem - Break-Even Analysis in Support of a Labor/Machine
. . Decision for Procurement (Section 14) .
L2 .

10:30 Break
10:45 Computer Room Wﬁste Heat Recovery Problem (Sections 10 and lZf ' -
12:00 Luqch

1:15 Replacement, Retirement, an& Obsoleécence (Sectibn 9)

. 1:45 Team Problem = Determining Optimal Retiremerit of Equipment ) ’
(Section 14)

2:15 Break - . |
2:30 Team Critique of an Economic Evaluation Report (Section 15)

3:20 Oroup Discussion of Economic Evaluation for Building Decisions

3:45 Adjournment : ‘

11
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& Section 1

References

This sectjon contains the following selegted GSA and OMB documents

pertaining to the economic evaluation of buildings and building systems:

- \
(1) "Tech Aid %n Life Cycle Costing” ~— Appendix 1-A of the GSA

Design Handbook, which summarizes guidelines for construction=

related economic decisions, !

(2) OMB Circular No. A-94 revised, which pertains to discount rates to

be used in evaluating time-distributed costs and benefits, and

e

(3) OMB Circular No. ~7104 which pertains' to comparative cost analysi{

4
\\
\
1

for decisions to lease or purchase general purpose real property.

An additiongl docunent which is used extenstyely in this geminar is v

Life-Cycle Lost Manual for the Federal Energy Managemgnt Prggram *NBS Handbook

135 (Rev.). It is provided separately from the Workbook.

\
Kd

Relationship among referencegfdocunents: Handbook 135 amplifies the

methodology and procedures for life-cycle cost analysis of energy conservation
projects established in Subpart“A of Part 436 of Title 10 of the Code of

Federal Regulations, entitled “Federal Energy Hanagement and Planning

Programs.” This methodo{ogy was developed to'be consistent with the Py
guidelines on oiscounting in OMB Circular A-94, revised. However, an :
exception to Circular A-94’s requirement ‘for a 10 percent discount rate was

provided by Seztion 495 of the Energy Security Act; the Act established a‘7

percent discount rate for energy conservation projects. The GSA Tech Aid on
Life-Cycle Costing, compiled for GSA staff and contractors is in turn

consistent with Handbqok 135. .

"™
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'

OMB Circular Arxoq preseunts the method of evaluating lease-bu; decisions for
acquisition of general purpos; real property valued at $500,000 or more, and
hence, conterns the method of securing the pro;, erty in question, father than
the issue of whether or not having the proéerty will bhe cost effective. This
document is provided for the convenience of the user, because the decisions

v concerning project cost effectiveness and cost-effective acquisition of

property generally go hand-in~hand. \
v \




subject

LIFE CYCLE COSTING

Ledaa

1.

FORMULAE L a8 .

Unless otherwise directed in contract documents, construction related
economic decisions shall employ a present value life cycle cost analysis

in accord with the Code of Federal Regulations, Title 10, ?art 436-A. In
addition, and in summary, the following formulae and considerations shall !
apply. Formulae Notation: ‘

PV
FV
TV

e

1.1

1.2

1.3

Present Value

Future Real Value

Today's Value

real growth escalation rate (the differential escalation rate which
exists after removing the influence of general inflation. See 2.4 of
this Appendix)

number of years to occurrence or the analysis period, as appropriate
real discount rate

Sunk Costs (those already spent or irrevocably committed) shall be
ignored in LCC calculations. Such costs include:

. Study costs

. Construction work already started or completed

. Design costs where the expense is obligated by contract regardless
of design solution.

Implementation (First) Costs shall be of estimated "today's value"
and as such are by their nature in present value. Jee paragraph 2.3
of this Appendix. Such costs may include:

. Site acquisition

. Site survey/testing

. Design related fees

. Moving/relocation

. Demolition of existing (.ess salvage)

. Corrective Repair and Alteration to existing work
. Construction (with contingencies)

. Construction supervision

G

Non-recurring future costs will usually involve such needs as:

, Major replacement

. Non-annual maintenance and repair

. Implementation costs for majcr alterations to existing work
including those cost elements deseribed above for 1.2.

1-3 14




1.3.1 The present value of such costs can be treated by escalating a
known "today's value" to its future value using a real growth
escalation rate, then dis:ounting that future value to a
present value.

. Escalate the known today's value to the future value in
constant dollars...Fv = TV (1+e)P, then discount that
future value back to the present value. PV = FV/(1+d)N,
The term (1/14d)D is known as the Single Present Worth
(SPW) factor and is tabulated on page 114 of the referenced
LCC Manual.

1.3.2 Or the combined procedure is represented by the equation
PV = TV (1+e/i4d)P. Note: If e = o, then PV = TV(1/1+d)D

1.4 Uniform Annually Recurring Constant Dollar Costs may involve such
costs as:

. Service contracts with anzinflation adjustment clause
+ Preventive maintenance
. Scheduled minor replacements
. Annually recurring costs which increase in price at the same rate
as general inflation. .
1.4.1 These can be converted to present value by the Uniform Present
Worth (UPW) formula:

N -
PV = TV (UPW), Where UPW = (1+d)"- 1,
d (1+d)"

The Uniform Present Worth (UPW) factor is tabulated on page
115 of the referenced LCC Manual.

1.4.2 This assumes that the cost of an activity will escalate with
inflation and hence has a zero real growth rate.

1.5 Annually recurring costs which escalate in real value are usually
associated with such costing elements as: '

. Service/maintenance which involves increasing amounts of work
and/or an escalation in cost different from general inflation.

. Fuel (utility) costs (see paragraph 1.6). -

. Certain types of frequent replacement whiah escalate at a different
rate than general inflation. \\\\\

1-4 15
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1.5.1 The Present Value relationship of such costs can be calculated
by using the following modified version of the UPW formula
(UPW®) which allows for cost escalation:

PV = TV (UPW®),

Where if e = d, UPW* = n
if e £ d, and e is constant over n, then

((1+e)/(1+d)” = 1
1 - (1+d)/(1+e)

Bl 1 -G29)]

NOTE: The 1980 ASHRAE Systems Handbook representation of this
equation is incorrect (p. 45.4) and so noted in its errata.

UPW®

or

1.6 Recurring fuel cost can be represented in pre;;nt value by employing
a modified Uniform Present Worth (UFW*) factor that takes into
account multiple escalation rates. The UPW* factors are found in the
CFR, Title 10, Part u436-A, shown tabularly in Tables B=1 thru 11 by
Region, Billing Sector (e.g., commercial), Fuel Type, and analysis
period. The formula to be. applied is as follows:

PV = TV (UPW®) | .

1.6.1 Generally, the Today's Value (TV) of fuel costs should be
calculated as the annual quantity of fuel times the actual
local fuel pricing charged by the impacted utility at the
teginning of the study period.

1.6.2 Electric demand charges should be assumed to escalate at the
same rate as shown in Tables B=1 thru 11 for electricity con-
4 sumption unless actual escalation rates for demand are ‘
provided by the. local utility.

2. PROCEDURES AND APPROACH

2.1 When defining alternates for life cycle costing, an acceptable level
of overall building service must be maintained for the analysis
period. Costs which are common to all options may be ignored.

2.2 All design alternates shall be compared against a baseline reference
option.

16




2.3

2.4

2.2.1 The baseline must represent all costs and actions necessary to
support the impacted service functions over the entire analy-
sis period for the lowest total installation cost of the
considered options.

2.2.2 Where the existing conditions will form part of the baseline,
there shall be those additional costs necessary to offer code
compliance to impacted services, and all associated work iden-
tified in GSA Repair and Alteration Planning documents, and
all costs necessary to ensure reliable operation.

2.2.3 The baseline must represent a logical evolution of building
costs employing state-of-the-art design options.

2.2.4 Generally, the building system designs and guidance contained
in this Design Management Handbook shall serve as input to the
baseline for performance and policy requirements.

Unless directed otherwise in contract documents, all first costs of
implementation shall be assumed to occur instantly, at the beginning
of the analysis period. See paragraph 2.8 of this appendix.

The Code of Federal Regulations (CFR) Title 10, Part 436-A, presently
speaks to a 108 adjustment to the initial investment for all energy
conservation projects. Hence, only 90% of the initial investment
costs are included in calculating the net benefit and the cost
indices mentioned in Section 3.1 of this Appendix. This reduction
allowance was provided in the LCC Rulemaking to compensate for exter-
nal beneficial side effects associated with conservation measures;

. socio-economic, national security, etc. This factor shall be applied

to all concepts which have been developed specifically to conserve
energy (such as in energy studies).

However, the adjustment factor looses meaning when applied to new and
retrofit projects where the compared design alternates involve energy
usage but are not being pursued expressly to conserve energy. Here
the 10% adjustment serves only to benefit the concept which has the
highest dollar return, which may be more associated with non-energy
cost avoidance such as repairs, maintenance, etc. Consequently, for
all new construction projects and for projects not specifically
developed to conserve energy, the 10% adjustment shoild be ignored,
allowing the total investment cost to be applied in the analysis.

All future cost projections shall be established by escalating a
known "today's value" with a real escalationrate: this wiil
represent that cost in "constant dollars."” That constant dollar
future cost shall be discounted with a real discount rate to present
value: In this process of discounting, future costs are expressed in
"constant dollars."

1-6 17




when converting escalation projections which are actual cash flow
rates (also referred to as budgetary or nominal rates) to an escala-
tion rate in real terms (without inflation), the following formula

applies:
Eze+1+el, or e = (1 : E) -1
Where: E = budgetary escalation
e = real growth escalation
I = inflation rate {

?

Hence, to convert a given budgetary projection of 15% to real terms,
allowing for say 10% inflation, the real growth escalation would be:
e = ((1+ .15)/(1 + ,10)) = 1, for e = 0.0454 or 4,5u4%,

2.5 An exact adcounting shall be 'made for those alternate and baseline
investment and replacement costs directly associated with implementa-
tion and continued building service. However, to simplify the
analysis, all recurring cost avoidance may be considered to be in
relationship to the initial differences that' exist between the alter-
nate and the baseline: Hence, for simplicitﬁ. an expected future
change in, say, a baseline's annual energy consumptior may be
ignored, allowing the consumption usage of the initial baseline
condition to be assumed over the entire analysis period. An exact
accounting of fluctuating recurring costs will be required only if'so
stated in contract documents.

\

2.6 ‘The analysis period shall be as required to fully‘represent all major
costs to the Government and as stated within the CFR, Title 10, Part
u36-A .

2.6.1 All mutually exclusive options shall be considered over the
same analysis periods ) '

2.6.2 Where possible, the analysis period should be the smallest
whole multiple of the service lives for the major systems
involved in the analysis. (Example: With Option A the
service life of 2 years is expected before replacement; with
Option B the life of 3 years is anticipated; the smallest
whole multiple of 6 would then be an appropriate analysis
period.) Life expectancies of r.ajor equipment can best be
obtained from manufacturers. Also, the ASHRAE Systems
Handbook, page 45.2, has equipment life listings which may be
appropriate.

2.6.3 Unless otherwise directed in design programming documents, the -

analysis period shall in no case exceed 25 years.




2.7 For those instances where either the baseline or alternate have
service life beyond the analysis period, an allowance shall be pro-
vided for that associated residual service worth. This shall
involve: (1) identifying the residual constant dollar value at the
end of the analysis period, defined by the Intercept of a straight
line depreciation from the installed constant dollar cost to its end
of service salvage value, and (2) discounting that residual constant
dollar value to its present_value.

2.8 Because of the design and construction process, the period between .
the identification of a retrofit option and its implementation may N
involve a lead time of several years. When comparing a retrofit N
option which hes a multi-year lead time to a baseline case, the
following applivs to the treatment of costs impacted by the lead time.

2.8.1 All costs that must be incurred during the lead time, '
regardless of whether the retrofit option is adopoted, should
be deemed sunk and excluded from the analysis of both the
bascline case and the retrofit optlon.

2.8.2 All deferable lead time costs that are avoidable if the - v
retrofit option is adopted, should be included as a cost for
the baseline case but not for the retrofit option. To sim-
plify this analysis, the lead time can be compressed and the
avoidable costs for the baseline can be assumed to occur at
the start of the analysis period as with the investment cost
of the retrofit option: When doing so, however, all future
planned year projections of investment and replacement cost
occurrence must be adjusted to occur earlier in the analysis
by the length of the lead time period.

2.8.3 For mutually exclusive options where lead time results in
significant differences in cost advoidance, a more rigorous |
analysis shall be provided wihich reflects the lead time. This
rnay require the discounting of investment and other costs to
take into account their lead time.

3. ANALYSIS PRESENTATION -

3.1 Indices: Unless otherwise noted, the following relationships shall
..be calculated for life cycle cost alternates.

3.1.1 For all life cyrle cost analyses, calculate:

~ Savings to Investment Ratio (SIR): The ratio of the
present value savings of an alternate to its increase in
present value implementation costs.

-~ Net Savings (NS): The difference in total life cycle cost
between the baseline and a concept alternate.

. . 19




3.1.2 For energy canservation retrofit projects, also calculate:

- Energy Savings to Investment Ratio (ESIR): The ratio of
the annual source energy savings in 1,000 Btu's (MBTU) to
the initial investment costs in dollars.

- Energy Cost Savings Ratio (ECSR): The ratio of the present
value energy savings to the initial investment cost.

3.2 For each design option, the life cycle costing elements shall be
summarized in the format as shown on the attached data sheet.

3.3 Detailed calculation cost back-up sheets may consist of the forms
shown in the referenced LCC Manual or any other orderly format as
agreed-to by GSA Reviewing Officials.

3.4 Computer representation of costs shall be acceptable only if provided '
with a manual example showing equivalency of calculation with one of
the computerized solutions. \

4, INTERPRETATION

4,1 Due to possible margins of error, where comparative economic analysis
shows a difference less than 10 percent, the economic analysis may be
considered indeterminate at the discretion of GSA Reviewing Officials.

4.2 Life Cycle Cost analysis may be subject to overriding qualitative
considerations: e.g., occupancy impact £ safety concerns, or problems
of reliability. i

references .

criginator  oFrICE OF DESIGN AND CONSTRUCTION
DESIGN MANAGEMENT DIVISION
DESIGN PROGRAMS BRANCH
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Building Name: . Building Number:
Project Name: ) Project Number:
Concept Title:

Analysis Data: Period = Years, Real Discount Rate = %, Date: / /
Energy Data: Saved Fuel Type » Source Amount = z = MBTU/YR.
Unit Fuel Cost » DOE Region » Sector ‘

COST ELEMENTS BASELINE ALTERNATE DIFFERENCE

a. Construction Cost

b. Contingencies (0.05 x a)
c. Design Fee + Award Costs
d. Construction Supervision
e. Moving Costs

f. Relocation Costs

g. Initial Training Costs
h. Other First Costs

Lo R 07 28 2R~ X - 3~ 2
LR - R R - 7

(1) SUBTOTAL (add above)

-
o

i. TV Energy Cost/Year

J. PV All Energy Costs

k. TV Maintenance Cost/Year
1. PV All Maintenance Costs
m. TV Service Cost/Year

n. PV Service Costs

(2) SUBTOTAL (j + 1 + n)

o. TV Future Replacements
p. PV All Future Replacements
q. TV Salvage
r. PV Salvage
S. Depreciated Residual Worth
t. PV Residual Worth

(-4 L R 7 - X7 » PR w w

(3) SUBTOTAL (p - r or t)

TOTAL LIFE CYCLE COST
(1)+(2)+(324_

Net Savings (NS) = u.
Savings to Investment Ratio (SIR) = v/(w + x) = .

* For Energy Conservation Projects, this value should'be adjustéd te Be 10%
less than estimated actual investment cost. ‘

For Energy Conservation Projects:

Energy Savings to Investment Ratio = z/w = .

Energy Cost Savings Ratio = y/w = .
L R
1-10
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EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF MANAGEMENT AND BUDGET
WASHINGTON. D.C. 203503

March 27, 1972 BEST COPY AVAILABLE circurar no. A-94
Revised

T0 THE HEADS OF EXECUTIVE DEPARTMENTS AND ESTABLISHMENTS

SUBJECT: Discount rates to be used in evaluating time-
distributed costs and benefits

1. Purpose. This Circular prescribes a standard discount
rate to be used in evaluating the measurable costs and/or
benefits of programs or projects when they are distributed
over %tine.

2. Rescission. This Circular replaces and rescinds Office
of Management and Budget (OMB) Circular No. A-94 dated
June 26, 1962.

3. Scope.

a. This Circular applies to all agencies of the execu-
cive branch of the Pederal Government except the U.S. Postal
Service. The discount rate prescribgd in this Circular
aprlies to the evaluation of Governm&nt decisions concerning
the initiation, renewal or expansion of all progranms Or
projects, other than those specifically exempted below, for
which the adopticn is expected to comnit the Government to 2a
series of measurable costs extending over three or more
years or which result in a series of benefits thats extend
three or more years beyond the inception date.

b. Specifically exempted from the scope of this Circular
are decisions concerning water resource grojects (guidance
for which is the approved Water Resouzces Principles and
standards), the Government of the District o Columoia, and
Tcn-Teleral recipients of Federal loans or grants.

c. The remaining exemgtions derive Zrom the secondary
nature of the decisions involved; that is, how to acguire
assets or proceed with a program after an affirmative decision
to initiate, renew, Oor expand such a program using this
Circular. Thus:

(1) This Circular wculd not 2
of decisicns concerning how to cbtain
ers, such as ty lease or purchase.

cly to the evaluation
he use of real prop-

o
&
-
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(2) This Circular woul?d nct a*clv to the evaluation
£ Zecisions concerﬂ;ng the accuisiticn of commercial-+ype
services by Government cy contractdr cperation, cuidance
fcr wihich is OM2 :i::ular No. n-79.

(3) This Circular would nct apgly to the evaluazion
of decisions concerning now to select automatic data process-
ing éguipment, guidance for which is OMB Circular No. A-S4
and OMB Bulletin Nc. 60-6.

d. .The discount rates prescribec in this Circular are:

(1) Sucggested for use in the internal planning
cdocuments 0% the acencies in the executive brancha:;

(2) Reqguired Zor use in progran analyses submitted
to the 0fZice of Management and Budget in support of legis-
lative ané budget prcgrams.

This Circular does not supersece agency practices which are
prescribed by or oursuant to law, Executive crder, or other
relevant Circulars. Acencies shoulé evaluate their prograts
anc prcjects in accorcdance with existinc regquirements andé,
1“ adéition, summarize the present value costs ané/or bere-
1ts using the discount rate prescrited in this Circular.

\

2. Cefiniticns. Analvtic documents subnitied to the 0fFi
oz Manageren: né 3udget shculé ke based on the fc’low‘ng
corcepts where relevant:

a. EXpectec annual cost means the expected annuval dollar
value (in ccnstant dollars) of resources, goods, ané sezvices
recuired tc establish ané carrvy outr a procram or projecs:.

Zscimates of expected vearly costs will be based on es-2b-
i1.shed celiniticns and p-ac ices Zcr program and groiecs
ev;luaticn. Zcwever, all eccncnic coscts, *nclud;nc acguisi-

ion, possassicn, and coer txon costs, must sSe inzludesl
w: Ther ¢r no:t actually paié bv the Federal Governnmenc.
Such c€csts nct generally i*&c’v_“c‘a cirect Federal cayment
include imputed markes values of public groperty ancé Staca
anl lccal property taxes foregcne.

=. Expected annual henefit means the dollar valus (in

constant col.iars) €I gocds anc services expectesd sc resuls
frcm a Trogram cr or oject” Jor each cf the vears it is in
ogeraticn., Istimates ¢l expected vearly tenefics will e
2zs2i zn a2szaclished definmitione and Sractices cevelczec by
izencises Izr grooram and sroject evaluazish,
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B : 3
" c. Expected annual effects means an objective, non-
monetary measure of progran effects expected for each oI

the years a program or project is in operation. When

dollar value cannot be placed cn the effects of comparable
programs or projects, an cbjective measure of effects may e
available and useful to enable the comparison of alternatjve
means of achieving specified cbjectives on the basis of
their relative present value costs. These effects should

he estimated for each year of the planning period and are’
not to be discounted. |

. d. Discount rate means the interest rate useé in calcu-
lating the present value of expected yearly costs and bene-
fits. ‘ 4

e. Discount factor means the factoX ccr any specific
discount rate which translates expectec cost or benefit in
any specific future year into its present value. The discount
factor is equal .to 1/(l+r)t, where ¢ is the discount rate
ard t is the number of years since the date of initiation,
renewal or expansion of a program or project.

£, Present value cost mears each year's expected
yearly cost multipliec by its discount factcr ané then
summed over all years of the planning perioc.

g. Present value benefit means each year's expécted
yearly benefit multiplied by its discount factor and then
summec over all years of the planning perioc.

Present value net benefit mears +he difference
r present value bPenecit (item ¢) and present value
iten £).

i, Benefit-cost ratic means present value benefit
(item g) diviced by present value cost (item f).

Attachment A contains an example that illustrates calcula-
tion of the present value information. y

5. Treatment of inflation. All estimazes of the ccsts anc
penefits cor each year of the planning pericd should be mace
in constant dollars; i.e., in teIms of tae general purchasing
pcwer of the dollar at the time of decision. Estimates may
reflect chances in the relative prices oZ cost and/or beneii<
components, where there is a reascnable Lbasis for estimating. ’
such changes, but should not include any forecasted change

in tne general price level during the planning period.
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§. <Treactment of uncerszinzs. Actual costs and tenefits in
futire vears are l:ixe.v tc z=: r Izom thdse expected a:

- the time of decision. For =he

e

e cases for which there is a
a € variabilizy of Zuture cos:t

and beneiits, the sensictlvw £ proposed programs and
i

grojects to this variabilis=v should be evaluated.

The expected annual costs and tenefits (or effects) shoul

be sucrlemented witi estimates of m-n;muﬂ ané maximum val es.,
Present value cost and benefi:s should be calculated ‘cr .
each cf these estimates.,  The probability that each of the
pcssi le cost and benefT: estimates may be realized should
also be d*scussed, even when there is no basis for a precise
guan:citative estimate. Uncertainty of the cost and benefit
(or effects) estimates should be treated explicitlvy, as
described 2bove. The prescribed discount rate should be
usec to evaluate all alternatives. Specifically, the evalua-
ticns should not use different discount rates to reflect the
relative uncercainty c¢f the alternatives.

7. Disccunt rate polizv. The éiscount rates tc be used ‘fcr
evaluatigns o grograms ané Trojects subject to the guid nce
cZ thls Chrcular are as fcllcws:

a. A rate of 10 percenz; ané, where relevant,

E. Any other rate presc:zbed'by or pursuaiht to law,
Zxecutive order, or other relevant Circulars.
Th2 prescriZed discount raze 2f 10 percent rerresents zan
estimate ¢ the average ratze of resurn on private investmens,
celisre tax2s and after inflasion.
Tc assist in calculaticn, Actachment B conzains cxsbou“:,r
factors for the discount rate of 10.0 percent for each oI
the vears Irol cne = fifsy.,
&. ZInzercreza2tisn., Questicns concarning inserpresaticn cf
Tnis Jircular sncull be addrassed to the Assistant Siracecrs
fcr Zwaluaticon, TIfice ¢f Managemenst and Sudges (29353615 .

GICRCZ ?., SRYLT
DIRECTOR
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ATTACHMENT A
Cipcular No. A-94
:Revised

SAMPLE FOBPMAT FOR DISGCOUNMTING DEFERRED COSTS AND BENEFITS

\ .
Assume a ten-year program which will commit the Government to

the stream of expenditures eppeazing in column (2) of the
table below and which will result in a series of benefits
appearing in column (3). The discount factor for a 10 percent
discount rate is presented in column (4). Present vaéue cost
for each of the ten years is calculated by multiplying column (2)
by column (4); presen* value benefit for each of the ten years

is calculated by multiplying colwan (3) by column (4. Present
value costs and benefits are presented in columns (3! and (6),

respectively. . .

’

Present . Present

Year since  value value
initiation, Expected Expected Discount . =~ cost benefit
renewal or yearly yearly factor for (Col.. (2) x [Col. (3) x -
exzansion cost benefit 10 percent Col. (4)] Col. (4)]

Ty T () ) €Y (3) (6)

1 $10 $0 0.909 $9.1 $0.0

2 20 0 0.826 16.5 0.0

3 30 S 0.751 22.5 3.8

4 30 10 0.683 20.5 6.8

5 20 30 0.621 o 12.4 18.6

6 10 40 0.5684 5.6 22.6

7 S 40 0.513 2.6 20.5

8 5 40 0.467 2.3 18.7

9 ) 40 0.424 2.1 17.0

19 S - 25 0.3886 1.9 9.7

‘ | 3935.5 $117.7

mhe sum o column (5) is present value cost: $95.5
The sum of cclumn (6) is present value benefit: $117.7

Presens value net benefit is the difference between present
value total benefit and present value total cost:
$117.7 - $95.3 = §22.2. y

The cenefit-cost ratio is 117.7/95.5 = 1.23.
more difficult discounting proklenms, a recommenced

rer

refevence is Principles of Encineering Economy, by
Eugene L. Grant and W. G. lrassorn, Rona Press Company,
1960
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ATTACEMENT B
Circular No. A-94

:. Revised ~
. DISCOUNT FACTORS :
4
Year since Year since v
" initiation, : initiation,
renewal or Discount renewal or Discouns
expansion factors* expaneion factors®
1 0.909091 26 0.0834905
2 0.826446 27 0.076278
3 0.751315 ' 28 0.069343
4 . 0.683013 29- 0.063035
5 R . 0.620921 20 ¢ 0.057309
6 0.564474 31 0.0529099
7 . 0.513158 ' 32 . 0.047362
8 0.466507 33 - 0.043C57
9 , 0.424098 34 °.° 0.039143
10 0.385543 35 0.035584
11 0.350494 ‘ 36 0.022349
12 0.318631 37 0.029493¢
13 0.289664 38 0.026735S
1 0.263331 39 0.0243904
15 0.239392 40 0.022085 .
16 0.217629 41 0.020086
17 0.19784S A &2 0.018260
13 0.179859 & 43 ~-C.016€7%
"y 19 0.163508 44 0.01535:2
j © 20 0.148644 45 0.0137.¢
21 ° 0.135121 46 " 0.012472
22 0.1228456 $7 ‘ 0.011232%2
23 0.111678 48 ' 0.010307
24 . 0.101526 49 0.08527¢
23 0.092296 50 2.00::2

[}

*The diszcunt faczors presented in the table accve imglicizly
assume end-cirvear lump-sum costs and rézurns. wWhen cos-s
and returns occur in a steady stiream, applying micd-vear 2ig-
ccunt factisrs may be mcre apprerriate. Present value cos:z .
anc cenefit computed from this table can be converted to a
mid-vear disccunting basis by multiplying them by the Zac

(2 4

or

1.048899,
Fcr examcle, if the present value cos: ¢f a se-ies 27 anrual
exzendlizures acmputed frcm the abcve takle is $1,200.00, ==e
Trejent value 208t cn a mid-year discounting basis is
S2,030.30 % 1.048230% ox §1,235.57,

\ y ’

| 27
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EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF MANAGEMENT AND BUDGET
WASHINGTON. D.C. 20303

June 14, 1972 - CIRCULAR NO. A-104

TO THE HEADS OF EXECUTIVE DEPARTMENTS AND ESTABLISHMENTS

SUBJECT: Comparative cost analysis for decisions to lease

or purchase general purpose real property

1. Purpose. This Circular prescilbes the economic basis
for determining whether general purpose real property to
be acquired for Government programs should be leased or
purchased. :

2. Scope.

a. The economic analysis prescribed in this Circular
applies to the acquisition of general purpose real property
such as office buildings, warehouses, and associated land
for which estimated land and construction costs or market
value is $500,000 or more.

b. The Circular does not preclude noa-economic con-
siderations, such as historic values, special conditions
applying to overseas property, restricted access, and
statutory requirements.

¢. Analyses and decisions made under the guidance cf
this Circular should be based upon maximum agency use of
long-term lease authority that may be requested of the
General Services Administration as provided by the Federal
Property and Administrative Services Act (40 USC 486(d),
490(h) (1) and Federal Property Management Requlations
(101-18.107b) N

3. Applicabii_.y.

a. This Circular applies to all agencies of the
executive branch of the Federal Government excent the
United States Postal Service. It does not apply to the
Government of the District of Columbia, or to non-Federal
recipients of Federal loans or grants.

b. This Circular does not supersede agency practices
concerning the acquisition or use of general purpose real
proper:y which are prescribed by or pursuant to law, Execu-
tive order, or other Circulars except f£or those portions

' 28
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of paragraph &6, Circular No. A-76, Revised, dated August 130,
1967, that apply to the determination of minimum cost lease-
or-purchase alternatives.

c. This Circular dces not preclude consideration of
undisccunted cash flows Zcr budgetary or other purposes.
nowever, undiscounted cash flow analysis will not be the
basis for identifying the most economic- of lease-2r-purchase
alternatives. ‘

d. The guidelines in this Circular are suggested for
use in the internal planning documents of the agencies in
the executive branch and required for use in all prospectuses,
proposed legislation, budget justifications or other propos-
als submitted to the Office of Management and Budget and the
Congress.
4. General reguirements for analysis. The analysis of
lease~-or-purchase alternatives should be based on the
following guidelines:

a. ill economic costs incurred as a result of Federal
acgquisition of property must be included whether or not
actually paid by the Federal Government. Such costs not
generally anolvxng a direct Federal payment include imputad
market values of public property, State and local property
taxes, and imputed insurance premiums.

©. The cecsts that will occur in each year of the pericd
analysis must be estimated in constant dollars (i.e.,
fects of inflation excluded) in terms of the general grice
vel at the time of acguisition.

(u IRTIE R

o
e:
L

c. Acguisition alternatives will be compared on the
basis oI the expected time perlod of stable program use of
the property. If such period is greater than the contract
term pe-mitted under authority for leng-term leasing, the
analysis should assume renewal of the lease at the last

snstant dollar payment.

d. Ccst projections may ke changed over the period of
aralvsis to reflect only real changes in costs due to
changes in amcunts of services or their prices relative to
the genefal price level--for example, an increase in amount
of repair and improvements at prices in effect at the
beginning of the period of analysis or an iacrease in the
ctalative price of these secvices. -




: _ e. The present values of alternative cost projections
75?' over the relevant time period will be the basis for deter-
mining the most economic choice.

f. The discount rate applied to cost projections to
determine present value will be seven percent. This rate
\ represents an estimate of the internal rate of return on
general purpose real property leased from the private
sector, exclusive of property taxes and expected inflation.
This rate is influenced by IRS tax treatment of real
property and by separate handling of property taxes in this
Circular; this rate is specific to lease-or-purchase
decisions and is not comparable to before tax rates of
return that the Office of Management and Budget specified
in Circular No. A-94, Revised. The Office of Management
and Budget will periodically review this estimate based
upon the above criteria and will revise the rate as necessary.

5. Costs to be included. Constant dollar cost projectiors
will include the following, adjusted as necessary to insure
valid comparisons:

a. Federal purchase alternative.

(1) Purchase costs (include all construction,
installation, site, design, management, and other costs
associated with the acquisition of the asset and its prepa-
ration for use) ; ‘

|

(2) Repair and improvement;

(3)  Operation and maintenance;

(4) Imputed property taxes (exclude consideration
of foreicn taxes on overseas acquisitions unless actually
paid) ;

(5) Imputed insurance premiums; and

(6) Cost offset: residual value at end of period.

b. Lease alternative.

(1) Lease payments;

(2) Repair and improvement (if not included in
lease payments); and .

(3) Operation apnd maintenance (if rnot included in
lease payments). 3()

VAR 1-19
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c. Lease-ourchase (or ourchase-contract) alternative.
-
(l) Lease paymencs;

(2) Repair and improvement (after purchase or if
not iacluded in lease payments rrior to purchase);

(3) Operation and maintenance (after purchase or
if£ not included in payments prior to purchase);

(4) Purchase costs (when acguired) less applicable
credit for previous payments;

(5) Imputed property taxes (after purchase or if
not included in payments prior to purchase);

(6) Imputed insurance premiums (after purchase);
andé ¢

(7) Cost offset (after purchase): residual value
at end of period. ;
6. Costs that may be excluded. Some costs may be excluded
trom each of the alternative cost prcjections it they are
estimated to be the same for all alternatives or too small
tc affect the economic choice among the alternatives under
ccnsideration; for example, such conditions may exist for:

2. Repair and improvement costs;

n. Oteration and maintanance ccsts:
C. -?rcperty taxes; and )

d. Insurance premiums.

7. Estimating certain costs. Potential problems of
estimating certaln costs sinculd be rasolved as follcws:

a. Purchase costs. Determine market value for property
that is alreacy cwned, donated, or aczguirad by condemnation.

b. Imputed prcperty +taxes.

-

(1) Determine the prcperty tax rate for <c<mparable
crocerty in the intended localitv. If there is no basis by
which to estimate future changes in tax rates and assessed
(taxable) value, the first-vear rate anéd assessed value can
be applied o al

.-o

~
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(2) Multiply the assessed value by the tax rate
to determine the annual charge.

(3) As an alternative to the procedure of section
7.b(1)-(2) above, obtain an estimate of the local effective
property taxes from the Building Owners and Managers Assocla-
tion's Regional Exchange Reports. If there is no basis for
estimating future property taxes, the first-year rate can
be applied to all years. '

c. Imputed insurance premiums. Determine local estimates
of standard, commercial coverage for like property from the
Building Owners and Managers Association's Regional Exchange

Regorts .
!

d. Annual lease payments.

.

(1) Determine annual lease payments for comparable
property and terms of lease in the intended locality at the
time of propes€d acquisition. :

(2) When estimates of lease payments are based on
actual lease contracts on comparable property, they should
be adjusted to exclude the expected infla*ion for the per.lod
to first renewal, as described in Attachment A.

e. Cost offset: residual value at end of veriod.

(1) The objective is to oredict the market value cf
the property at the end of the time period under considera-
tion, excluding inflacion.

(2) Residual wvalues of property are determined by
applying a method that best apprcximates the historically .
observed changes in market values experienced by the Govern-
ment. The residual value of the property is obtained by
adding the results of a decrease in the constant dollar market
value of the building and an increase in the constant dollar
market value of the site. To approximate the residual value
of the building, a decay and obsolescence rate of 1.7 percent
should be applied o each vear's remaining constant édollar
market value. To approximate the resicual value of the site,
the constant dollar market value should be increased by
1.5 percent each year. To assist in calculation, Attachment 3
contains building decay and obsolescence Lacters of 1.7 per-
cent and site appreciation factors of 1.5 percent compounded
for each of the yvears 1 to 30.

(3) Whenever possible, the residual value of the
property should be adjusted to incorporate “he current

1-21 32
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market value for comparable property in similar lccales
for similar commercial property whose age 1s approximately
equal to the period of analysis. :

8. Present value calculations and format for comparisons.

a. Calculation of present values of the alternative
cost projections will be performed in accordance with
established discounting procedures, using ext&er continuous
or end-of-year discount factors.

b. Attachment C illustrates the method to be used in
developing the present value comparisons.

c¢. Attachment D illustrates the required Zormat for
the comparatxve analysis of lease-or-purchase alternatives
presented in prospectuses, proposed legislaticn, budget
justifications, or other proposals for submission to OMB.
All assumptlons and basic cost data must be explicitly
provided in the materials presented.

d. As required for particular activities, the Office
of Management and Budget may request additional, special
analyses and information and may change the recu;:ements
for reports to the OMB and to Congress.

CASPAR W. WEINBERGER
DIRECTOR

Attachments




ATTACHMENT A
ILLUSTRATION Circular No. A-104

PRESENT VALUE CONSTANT DOLLAR ANNUAL PAYMENT CALCULATIONS

To determine the present value constant dollar annual payments, where,
for example,

the date of initial acquisition is January 1972;

the initial period of level payments = n = 20 years;

the annual payment is $1,123,000 for 250,000 net square feet; and
the payments are made at the end of the year,

calculate the average annual rate of inflation during the past n years.

The average inflation rate is found by (1) dividing the consumer price
index at the beginning of the contract period (See the Economic Report of
tne President, February 1972, Table B-45, p. 247 for consumer price
Indexes.) by the consumer price index n years ago, and (2) comparing

this result to the compound interest factors for n years. In this
example, the consumer price index for 1971, 121.3 is divided by the
consumer price index for 1951, 77.8 yielding 1.56. According to com-
pound interest tables, the rate which would yield 1.56 in 20 years is
approximately 2.2 percent.

Then, apply the determined constant dollar price deflator to each
annual payment.

In this example, each annual current dollar payment of $1,128,000 must
be mul-iplied by the appropriate constant dollar price deflator at
2.2% per vyear.

Finally, multiply each constant dollar annual payment by the aporopriate
7 percent present value discount factor.

Constant 7% present
Current dollar price Constant value

dollar deflator dollar discount Present

Year payment Q@ 2.2% payment factor value
1 1,128,000 .978 1,103,184 .935 1,031,477
2 .957 1,079,496 .873 942,400
'3 .937 1,056,936 .816 862,460
4 .917 1,034,376 .763 789,229
5 .897 1,011,816 .713 721,425
6 .878 990,384 .666 659,596
7 .859 968,952 .623 603,657
8 .840 947,520 .582 551,457
9 .822 927,216 .544 504,406
19 .804 906,912 .508 460,711
11 .787 887,736 .475 421,675
12 .770 868,560 .444 » 385,643
13 . 754 850,512 .415 352,962
14 .737 831,336 .388 322,558
15 .722 814,416 .362 294,819
16 .706 796,368 .339 269,969
17 .691 779,448 317 247,085
18 .676 762,528 .296 225,708
19 .661 745,608 .277 206,533
20 1,128,900 .647 729,816 .258 328!223

'} ’
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ATTACHMENT B
Circular No. A-104

BUILDING DECAY-OBSOLESCENCE AND SITE APPRECIATION

Period © Building Site
of Decay-Obsoclescence Appreciation
Analysis Factors* Factors*
1 0.98300 1.01500
2 0.96629 1.03023
3 0.94986 1.04568
4 0.93371 1.06136
5 0.91784 1.07728
6 0.90224 1.09344
7 0.88690 1.10984
8 0.87182 1.12649
9 "0.85700 1.14339
10 0.84243 1.16054
11 0.82811 1.17795
12 0.81403 1.19562
13 0.80019 1.21355
14 0.78659 1.23176
15 0.77322 1.25023
16 0.76007 1.26899
17 0.74715S 1.28802
18 0.73445 1.30734
19 0.72197 1.32695
20 0.70969 1.34686
21 0.69763 1.36706
22 0.68577 1.38756
23 0.67411 1.40838
24 0.66265 1.42950
25 0.65139 1.45095
26 0.64031 1.47271
27 0.62943 1.49480
28 0.61873 1.51722
29 0.60821 1.53998
30 0.59787 1.56308

*The factors presented in the table above implicitly

assume end-of-year building decay-obsolescence and
site appreciation changes.

1-24

35




BEST COPY AVAILABLE

Yoeut

-
=

S~ UV dE - -

L ()

.

L/

- ey — - o—

VRESENT VALUE PURCHASE_COST CALCULATIONS

(Federal office Bulriding, City, State)

. — e e - mdE— L ® e ———— —— - [ - e s e B ———

constant NDollars

Present Value
{in Lthousands)

(in thousands)

o ——— ——————— e S = e—————— - —— e v—

Repair Repair ~ - -
tmprove- and 7% Improve- and
ments, improve- Property Residuall discount ments, improve- Property Residual
cuited/  wment  taxes _value factor  sjitea/ ment __taxes value _
11,850 - - 1.000 11,850
18 200 .9135 45 187
40 200 : .873 42 175
48 200 .816 39 163
48 200 .763 37 153
48 200 .713 34 143
80 200 .666 53 133
80 200 : 623 50 125
8o 200 .582 47 116 - ‘
8o 200 .544 44 109
4o 200 .508 41 102
144 200 .475 68 95
144 200 444 64 89
144 200 .415 60 83
144 200 .388 56 78
144 200 .362 52 12
144 200 .339 19 64
144 200 «317 46 63
144 200 <296 43 59
144 200 2717 40 56
144 200 9,2700/ | .258 : 352 2,392,
Total ¥,
Present 11,850 947 2,120 2,392 H
_ Value o L e :;. {.I'). ‘
; ' Cet
For simplicity improvements (design and construction) costs of $10,500,000 and site ﬂ'}
costs ot 91,350,000 are assumed to be paid at the start of year 1, All other costs 03
shown atisum . payment dat the end of Lhe year specified. A
‘*his tiguie represents the remaining value of the bhuilding which dgclinug at 1
1.7 puter ot per yedr '77,54%2,000) and the remaining value ot the site which -
appreciat o oot .Y percent per year ($1,818,000), o .
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ATTACHMENT O
? Circular lic. A-=104
ILLUSTRATION

PRESENT VALUE COST SUMMARIES FOR
ALTERNATIVE METHODS OF ACQUISITION

[Federal Office Building, City, State]

(In thousands of dollars)

- ITtem 20 years; 79
PURCHASE: *
IMPrOVemMeNtS ...ccceeeccsccccsccccccsccnes 10,500
5 1 1 - Y 1,350
Repair and improvement ...cccececvecceccces g 947
Property taX@S ..ccccecceccocccccsssssssas 2,120
Subtotal ...cccceeercccirccerscocossoccccs 4,
Less residual value ..cccececccccccccsscns 2,392
TOLAL ccceceeccccccsccsocsacocscncscnncnscscsss I2.525
LEASE: *
Total annual payments** ..........ceeeeeee 10,042
LEASE~-PURCHASE (or PURCHASE~CONTRACT) * .
Annual payments until purchase#*** . ...... 8,845
Purchase cost less credit ....ccccocevcoees 3,556
Repair and improvement (after purchase) .. 515
Property taxes (after purchase) .......... 714
SUbtotal .cccccccccrcccccnsccccsonennnns 13,530
Less residual value ...ececeecccoccccacoce . 2,392
Total ..................................? 11,238

*Operation and maintenance costs are borne by the Government
and are assumed to be identical for all three acquis@tion
methods. Therefore, they are omitted in this comparison.
Imputed insurance premiums are estimated to be negligible
relative to other costs and therefore omitted.

**Annual lease payments in constant dollars are calculated.
Then; each constant dollar lease payment is discounted at
7 percent (See Attachment A).

***annual lease-purchase (or purchase-contract) payments of

$1,400 + purchase of $21,000 (15 years annual payments)

less credit of $14,000. The annual payments in constant

dollars are calculated. Then each constant dollar payment

is discounted at 7 percent (technique is shown in

Attachment A).
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Section 2

Discounting

To perform a vali! economic evaluation of a project, it is necessary that

all cash flows be stated in time—equivalent amounts. "Discounting” is the

term often given to the technique for adjusting cash flows to time equivalency

by taking into account the time value of money. This section is provided as a

brief introduction to discounting because it is a fundamental tool used in

solving all of the capital investnent problems addregsed by this seminar.

The following topics are treated in brief below:

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

(10)

Definition

Definition

Purpose

Approach , >
Selecting a Discount Rate

Formulas (Table 2-1)

Application

Discount Factors Based on a 7% Discount Rate (Table 2-2)

Discount Factors Based on a 102 Discount Rate (Table 2-3) -

where to Find UPW* Factors for ,Discounting Energy Costs or Savings

Problem Illustrations

Discounting is a technique for converting cash flows that occur at different

times to equivalent amounts at a common time.

Purpose

The costs and benefits associated with building projects are typically spread

over time. .The dollir estimates of costs and benefits must be adjusted to

a common time baoi; before they can be combined to determine a measure of

!
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economic performance. Because of the earning potential of monéy over time, as

indicated by interest, a dollar now is worth gere than a dollar at some later

time. ) Y

Approach

Discounting is performed by applying interest (discount) formulas, or
corresponding discount factors calculated from the formulas, toxthe estimated
costs and savings that result from a given investment. The application of the
appropriate formula or factor to a cash amount will convert that cost or

saving to its equivalent value at the selected ‘base time.

Selecting a Discount Rate

~

A key element in the discount formulas is the discoupt rate, the rate of
interest reflecting the invester's time value of money. If future cash flows
are stated in constant dollars, the discount rate should be selected to
reflect only the real earning power of money over time; i.e., the time value
of money remaining after 1nélation is removed. This is the approach |
reconmended for Federal project evaluation. If future cash flows are
estimated to include inflation, the discoupt rate can be selected to also
include inflation, and the discounting teé%nlque can be used to adjust both
for the effects of price inflation and for the real earning power of
capital. This approach is often used for commercfal project evaluation
because it facilitates the treatment of tax effects. The felationsﬁip between
a nominal disc;unt rate, D, and a real discount rate, d, is as follows:

D= (l4d) ¢ (14I) =1 = d + I + dI |

1+D

and d = -1, where I is the rate of general price inflation.

1+1

(See section on Eicalation)‘




Application

The appropriate discount formula to use for adjurting a cash amount to an
equivalent value at another time depends on the time distribution of the cash
amount and the time basis selected by the analyét for the economic: evaluation.
For example, to find the equivalent value in the future of a single cash
amount received today, the single compound amount formula (SCA) is used. To

A find the equivalent value in the future of a stream of uniform cash amounts

<4
over a period of years, the uniform compound amount formula (UCA) 1is used. To

¥

~
find the present value equivalent of a single amount to be received in the

future, the single present worth formula (SPW) 1is used. To find the przﬁent
value equivalent bf a uniform series of future cash amounts, the uniform
present worth formula (UPW) is used. Atd, to find the present

value equivaient of a series of future ano;;ts escalating 16 amount each y;ar,
the modifisd uniform present worth formula (UPW*) can be used. To exgress a
present value as an equivalent uniformly recurring apnuql value, the uniform
capital reccvery formula (UCR) is used. The dollar amouﬁta will, of course,
differ depeniing on the time base chosen, but present values, annual values,
and future values, if time-equivalent:w will lead t?‘the same investment
decision. It i3 ;ost customary in eé;nomic u?aluaéione, however, to convert
all cash flows to either present values or anua: valuv2s, and, in the Federal

Energy Management Program, the use of presen. vatues is requested to

facilitate comparisons'among agencies and projects.




-

Table 2.1 Discounting Equations

study period,
Ay:(1+ef,wheret=1,.. ,N,
numbaer of interest or discount periods,
interest or discount rate, and

price escalation rate per period.

Name Schematic lllustration Application Algebraic Formab
Single Compound-Amount To find F when F P (1 +aN)
(SCA) Equation P F?{ Plsknown
Single Present-Worth To find P when -e. [——
BPW) Equation P F| Fleknomn P=F oM
Uniform Sinking-Fund . To find A when e —9
mnmuouw ' W+ [ -+ W—]F F la known A=FlavaN—q]
Uniform CapitalRecovery To find A when R R il
UCR) Eacetion Ple(@ + [ -+ Plekoown A=P Lo+ aN-1]
Uniform Compound-Amount To find F when o [ a -
(UCA) Equation " &+ @ -+ B —]F?7] Aleknown F-a [
Uniform Present-Worth To tind P when poa. [0 -1]
(UPW) Equation PA—1[] + [ -+ [a] Atsknown | d1+aM
Modified Unitorm " To find P when
Present-Worth P?|~— co+lAp| & ™ 1+e 1+ o\N
(UPW*) Equation® :] LIRS ] reamtny. P Ao e-o)'[‘"(1 +¢)]
'n.'.h. . .

wheve: “

P = present sum of money,

F = future sum of money equivalent to P at the end of N periods of time at d inferest.

or discount rate,
A = ondolfododmmmmmohauﬂlmmdnymhmmm
over N periods at d interest or discount rate, .
Ay = initial value of a periodic payment Feceipt) evaluated at the beginning of the

®azZ>

/Y

® Note that the USF, UCR, UCA, and UPW equations yield undefined answers when d = 0. The comect algebraic forms for
this special case would be as follows: USF formula, A=F/MN; UCR formula, A=PMN; UCA tormula, F=A - N; and UPW
tormula, P=A - N. The UPW* equation also ylelde an undefined answer when e=d. in this case, P=A, - N.

B The terms by which the known values are multipiied in these equations are the formulas for the tactors found in discount
tactor tables. Using acronyms to represent the factor tormuias, the discounting equations can also be written as
F=P:-8CA,P=F -8PW,A=F -USF,A =P - UCR, F=A - UCA,P=A - UPW, and P=A, - UPW.*

©To find P when Ag escalates at a different rate over sach of K escalation periods,
A Ny /7 1+04\) 1+e\M N2 (1+o,)|
. ?"°‘f,(1+¢)+(1+¢) o\ '
(1 91)"' (1_&)"? (e £) (.':_-.n)' .
1+ d 1+d 1+d jmq \1+d

where n; = the number of interest or discounting periods over which a given escalation rate, o), is assumed to hold

(i) 2 () D -G ]

Source: NBS Hsndbnok 138,
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Table 2-2 Discount Factors Based on 7% Discount Rate
oe- - I RAEIRTTR SRt g o o e et g e e —— e
Single Single Uniform Unitorn 1 tniforn Uniter:a
Compound Present Capital Present Ginkino Corpound |
Amount Value Recovery Value Fund Amnount
Factor Factor Factor Factor Factor Victor
SCA SPW UCR UPY usr UCA
Civen 4 P ¥ p A ¥ AT
er“Pﬁ)Ul_,,__qm_f__‘m_____“__}1_-"”m_u_~,_£L_“ — L . N S
Period |
N 1
1 1.070 .9346 1.070 .9346 1.0000 1.000
2 1.145 .8734 .5530 1.808 4831 2.070
3 1.225 .8163 .3811 2.624 .3110 3.215
4 1.311 .7629 .2952 3.387 .2252 4.440
5 1.403 .7130 .2439 4.100 .1739 5.751
6 y. 1.500 .0663 ..2098 4.766 .1398 7.153
— g/ ) 1.606 .6227 .1855 5.389 .1155 8.654
~— 1.718 .5820 1675 5.971 .0975 10.26
9 1.838 .5439 .1535 6.515 .0835 11.98
10 1.967 .5083 1424 7.023 .0724 13.82
11. 2.105 L4751 .1334 7.499 .0634 15.78
12 2.252 4440 .1259 7.943 .0559 17.89
13 2,410 4150 1196 8.358 . .0496 20.14
14 2.578 .3878 .1143 8.745 .0443 22.55
15 2.759 .3624 .1098 9.108 .0398 25.13
16 2.952 .3387 .1058 9.447 .0358 27.89
17 3.159 .3166 .1024 ©.763 .0324 30.84
18 3.380 .2959 .0994 10.06 .0294 33.99
19 3.616 .2765 .0967 10.33 .0267 37.38
20 3.870 .2584 .0944 10.59 0244 40.99
21 4.141 .2415 .0923 10.83 .0223 44,86
22 4.430 .2257 .0904 11.06 .0204 49.00
23 4.740 .2109 .0887 11.27 .0187 - 53.44
24 5.072 .1971 .0872 11.47 .0172 * 58.18
25 5.427 .1842 .0858 11.65 .0158 “03.25
26 5.807 .1722 0846 11.83 .0146 68.68
27 6. 14 .1603 .0834 11.99 .0134 74 .48
28 6.649 _.1504 .0823 12.14 .0124 80.70
29 7.114 " 14056 .0814 12.28 .0114 87.35
30 7.612 .1314 .0805 12.41 .0106 94.46
31 8.145 <1227 .0798 12.53 .0098 102.0
32 8.715 JA147 .0791 12.65 .0091 110.2
33 9.325 .1072 0784 12,75 .0084 118.9
34 9.978 .1002 .0778 12.85 .0078 128.3
35 10.068 0937 0772 12.95 .0072 138.2
36 11.42 .0875 .0767 13.03 0067 148.9
37 12.22, . .0818 0762 13.12 .0062 160.3
38 13.08 07064 0758 13.19 .0058 172.5 '
39 . 13.99 0715 .0754 13.26 L0054 185.6
40 14.97 . .006068 .0950 13.33 .0050 199.6

-

A1l formulace assume end=of-period payments.

P oa precent som of money; F = a future sum of moncy, cquivaleat to ' at
the end of W periods of time at discount rate of d3 A = an end of period
paynent (or receipts) in a wiform series of paymeats (or receipts) over
N periods at dinterest rates.
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Table 2-3 Discount Factors Based on 10% Discount Rate

Single Single Uniform Uniform Uniforn n]ffl|
Componund Present Capital Present Sinking Conpound I
Amount. Value Recuovery Value Fund Arount l
Factor Factor Factor Factor Factor Factor
SCA Shw UCR ury USF UCA |
(iven P F P A F A
To Find_| ¥ P . A__ _..r A __ LA
Period
N v et
1 1.100 .9091 1.100 .9091 °  1.000 1.000
2 1.210 .8264 5762 1.736 4762 2.100
3 1.331 .7513 .4021 2.487 .3021 3.310
4 1,464 .6820 3155 3.170 22155 ¢ 4.641
5 1.611 .6209 .2638 3.791 .1638 6.105
6 1.772 «5645 .2296 4,355 «1296 7.716
7 1.949 5132 .2054 4.868 .1054 9.487
8 2.144 4665 .1874 5.335 .0874 11.44
9 2.358 4241 .1736 5.759 .0736 13.58
10 2,594 .3855 .1627 6.145 .0627 15.94
11 2.853 3505 .1540 6.495 .0540 '18.53
12 . 3.138 . .3186 .1468 6.814 .0468 21.38
13 =~ 3.452 .2897 .1408 7.103 .0408 24.52
14 3.798 .2633 .1357 7.367 .0357 27.98
15 4.177 .2394 .1315 7.606 .0315 31.77
16 4.595 .2176 .1278 7.824 .0278 35.95
17 5.054% .1978 1247 8.022 0247 40.54
18 5.560 .1799 .1219 8.201 .0219 45.60
19 6.116 .1035 .1195 8.365 .0195 51.16
20 6.728 .1486 1175 8.514 .0175 57.28
21 7.400 .1351 .1156 8.650 .0156 64.00
22 8.140 .1228 .1140 8.772 .01.30 71.40
23 8.954 1117 .1126 8.883 .0126 79.54
24 9.850 .1015 .1113 8.984 0113 88.50
25 10.83 .0923 .1102 9.077 .0102 98.35
26 11.92 .0839 .1092 9.161 .0092 109.2
27 13.11 .0763 .1083 9.237 .0083 121.1
25 14.42 , -0693 .1075 9.307 .0074 134.2
29 15.86 .0630 .1067 ~ 9.370 .0067 148.6
30 17.45 .0573 .1016 8.427 .0061 164.5
31 19.19 .0521 .1055 9.479 .0055 181.9
32 21.11 0474 .1050 9.526 .0050 201.1
' 33 23.23 .0431 .1045 9.569 .0044 222.3
34 25.55 .0391 .1041 9.609 .0001 245.5
35 . 28.10 .0356 .1037 9.644 .0037 271.0
36 30.91 .0323 .1033 9.676 .0033 299.1
37 34.00 .0294 .1030 9.7006 .0030 330.0
38 37.40 .0267 .1027 9.733 .0027 364 .0
39 41.14 .0243 .1025 9.757 .0025 401.4
40 45.26 .0221 .1023 9.779 .0023 442.6

All formalae assume end-of-period paymeuts.

Po=oa present sum of money; Foooa future sum of money, cquivaleot to P oat
the cnd of N periods of time at discount rate of d; A = an end of periad
payment (or receipts) in a wiform series of payments (or recefipts) over

) N periods at d interest rates.
44

\, 2-6
R




Where to Find UPW* Factors for Discounting Energy Costs or Savings

Modified Unlform Present Worth Factors (UPW*), based on a 7 percent discount
rate for evaluating Federal energy projects, can be found in Appendix B of NBS
Handbook 135, pp 118-128. These factors are given f;} each of 10 Department
of Energy (DoE) regions, for different types of energy, and for residential,
commercial, and industrial use. (As explained in the Handbook on pp. 116~117,
these factors are subject to periodic revision. To obtain the most recent

factors, contact the Federal Programs Office of the U.S. Department of

Energy.)
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Problem Illustrations

l. Find thé present value (P) of a future amount of $5,000 in 10 years (N),

assuming the discount rate (d) to be 10%.

(a) Using the Single Present Worth (SPW) Discount Formula (from Workbook

Table 2-1):

1
! P=F
Z‘ (1+d)N y

< 1

[ = $5,000 -

(1 +.10)10
= ($5,000) - (0.3855)
= $1,928
(b) Using the SPW Discount Factor for d = 10% and N = 10 (from Workbook
Table 2-3): '
P=F . SPd)oyr, 102 ]
= ($5,000) < (0.3855)
= $1,928
2. Find the present value (P) of a uniform series of annually recurring
future amounts (A) of $2,000 per year over the next 10 years (N), assuming

the discount rate (d) to be 7%.
(a) Using the Uniform Present Worth (UPW) Discount Formula (from Workbook
Table 2-1):

(14d)N -]

P=aA .
d(1+d)N

(1 + .07)10

= §2,000 -
.07(1 + .07)10

0.9672
= 52,000 + c——
0.1377




3.

= ($2,000) - (7.0242 '
= $14,048
(b) Using the UMW Discount Factor for d =7% and N=10 (from Workbook Table
2-2):
P=A- UWIOyr, 7%
= ($2,000) - (7.023)
= $14,046 (Note small difference due to rounding)

Find the future value (F) in 15 years (N) of a present amount (P) of

'§1,000, assuming a discount rate (d) of 10%.

(a) Using the Single Compound Amount (SCA) Formula (from Workbook Table
2-1): |
Fmp o (14N
= $1,000 + (1 + .10)1°
= ($1,000) - (4.177)
= $4,177
(b) Using the SCA Factor for d = 10% and N = 15 (from Workbook
Table 2-3):
F =P - S5CAisyr, 10%
= ($1,000) - (4.177)
= $4,177
Find the Future Value (F) in 15 years (N) of a uniform series of
annually recurring amounts (A) of 01,000, assuming a discount

rate (d) of 10%.




(1 +.0)15 <)

$1,000 -
.10

($1,000) - (31.77)

$32,770

(b) Using the UCA Factor for d = 10% and N = 15 (from Workbook
Table 2-3); X
F = A« UCAIsyr, 10%
= ($1,000) - (31.77)

= §31,770

5. Amortize in uniform annual payments (A) over 20 years (N) a presen.
amount (P) of $100,000, assuming a discount rate (d) of 10%.
(a) Using the Uniform Capital Recovery (UCR) Discount Formula (from

Workbook Table 2~1):

A+d)N
A=P
(1+4d)N -]
.10 (1 + .10)20
= $100,000 -

(1 + .10)20 <}

($100,000) - (0.1175)

§11,750

48
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eb) Using the UCR Discount Factor for d = 10X and N = 20 (from Yarkbook

Table 2-3): ’

A=P hCRZOyr, 10%
= ($100,000) - (0.1175)
= $11,750
6. Find the uniform amount that must be cumulated qnnpally (A) in order to
have a ﬁgture‘amount (F) of $30,000 in 8 years (N); assuming a discount
rate (d) of 7Z. |

(a) Using the Uniform Sinking Fund (USF) Discoung'Formu1a~(from Workbook

Table 2-1): i
d
A=F -
(1+d)N -1
.07
= $30,000 -
(1 + .07)8 -1

($30,000) - (0.0975)

$2,925
(b) Using the USF Discount Factor for d = 7% and N = 8 (rrom Workbook

Table 2-2):

A=F - USngr' 1%
= ($30,000) * (0.10975)

= §2,925

7. Find the present value (P) of a non-uniform annually recurring amount (4)
that is valued at $5,000 at the beginning of the study period (25), and
escalates thereafter at 5% pe: annum (e) iyerVIZ years (N), assuming a
discount rate (d) of 121:

(a) Using the Uniform Present Worth Modified (UPW*) Discount Formula

(from Workbook Table 2+1):

Q 2‘11 '
e 13 \




(1+e) 1+e \N | :
P=3, - . 1-(%--:) s

(d=e) 1+d
(1 +..05) 1+ .05\ 12
(012 - 005) 1+ 012

$5,000 ¢ [(15) * (0.5390))
($5,000) « (8.085)

$40,425

(b) Using the UPW* Discount- Pactor for d = 12% « 5%, and ﬁ = 12
(from Handbook 135, Table B-14, p. 131):
P =X ¢ UPWppr, 122, 5%
= ($5,000) (8.086)
= $40,430 (Note sﬁall discrepancy due to rounding)

8. Find the present value (P) of the estimated cost of natural gas to heat
a Federél office building in Minnesota over 10 years (N), assuming that
the annual cost is initially valued at $10,000 (K;), and using the Federal
discount rate of 72 for energy projects and the appropriate projected
energy escalation rates.

(a) Using the Uniform Present Worth Modified (UPW*) Discount Formula
for ﬁyltiple escalation rates (ffom Workbook Table 2-1, 'footnote a);
and the escalation rates for DoE Region 5, for fhe Commercial Sector,
and £8r natural gas, of 8.87% for the period 1981-1985, 1.76%
for 1985-12?0, and 3.102 for 1990 and'beyond (from Handbook 135,
~ Table C-5, p. 138): a




- m 3 np 02 ]
P =a| I [(+e)/(14d)] + [(1+e)/(1+d)] 77 [(1+e)/(1+d)] + [(l+ey)/
- ly=1 =1
n) n2 nj i
(14d)]  » [(.+ep)/(14d)] = [ [(1+e3)/(1=d)]
j=1
2 j 2 5
=$10,000] § [(1+.0887)/(1+.07)] + [(1+.0887)/(1+.07)] Y [(1+.0176)/
j=1 j=1
3 2 | 5 -
(14.07)]  + [(1+.0887)/(1+.07)] = [(1+.0176)/(1+.07)]
3 3 |
T [(14.0310)/(1+.07))
i=1

J) 2 ' 2
=$10,000 [(l+.0887)/(.07-.0887) -[l- [(l+.0887)/(l+.07)] ]+ [(l+.0887)/(l+.07)]
5 2
. [(l+.0176)/(.07-.0176)].-[}- [(14.0176)/(1+.07)] ]4-(l+.0887)/(1+.07)

5
« (14.0176)/(1+.07) (1+.0310)/(.07-.0310) °[l- [(l+.0310)/(l+.07)]f]

=§10,000 [(-58.22) + (=0.0353) + (1.035) * (19.42) * (0.222) + (1.035) »
(0.7780) * (26.44) « (0.1054)]
-519,000 [2.055 + 4.462 + 2.244]
=($10,000) * (8.761)
= $87,610% | <
(b) Using the Federal UPW* Discount Factor for DoE Region 5, for the
Commercial Sector, for natural gas, for 10 years (from Handbook 135,
Table B=-5, p. 122): ’
P = Ay * UPW*10yr, 7%, DoE 5
= ($10,000) « (9.60)

= $96,000%

A

* Note discrepancy in (a) and (b) answers. The difference reflects the fact
that the (a) calculations use the escalation rates directly, based on mid-
1983 as the beginning of the study period, while the (b) calculations use
UPW* factor tables based on mid-1981 as the beginning of the study period.
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Section 3
Escalation
This section has the following objectives: to review the procedure for
escalating costs, to distinguish budgetary needs for escalation from the
requirements of econonic.analysis, and to compare economic evaluations made
(a) in constant dollars using real escalation and discount rates and (b) in

current dollars using nominal escalation and discount rates.

It contains the following topics:

>

(1) ,~Escalation Procedure

(2) Budgetary Versus .Economic Analysis Requirements for Cost

Estimates . i

Ly
(3) Concept of Differential Price Escalation

(4) Constant Dollar Versus Currene-Rollar Analipes

Escalation Procedure

An initial amount, Cy, cai "2 escalated at rate e over N periods of time to a
\

future amount, Cy, by applying the single compound amount formula based on

rate e and period N, to the initial amount; i.e., Cy = Co (1+e)N,

3
An initial amount, Cpy, can be epcalated over N periods of time at changing

escalation rates, e}, €2, «-¢« ©n, each of whiph‘hqlds for a designated
interval of time, Pls P2 e¢e¢ Pp ‘which together sum to A total of N

compounding periods) as follows:

C()(l"’el) l (l+e2) 2000(1+en) n '




Budgetary Versus Economic'Anq;ysie Requirements for Cost Estimates

Budget estimates project the actual number of dollars expected to be
required to purchase a building system or component at the planned time of
acquisition. That is, budget estimates are generally stated in "current", or
"nominal,” dollars including projected price inflation.

d

) rd
In contrast, it is imperative in an economic analysis that all dollars have
>
the same unit of purchasing power. Hence, purely inflatiqu;x\pr deflationary

effects must be eliminated from projected cash fiows in an economic analysis.

-~

Concept of Differential Price Escalation

OMB Circular A-94 instructs Federal Agencies t; make ali estimates of future
costs and benefits in constant dollars, rgfiec;ing }n the estimates only
changes in relative prices "where there is a reasongble basis for estimating )

such changes”". Estimates should not include any forecasted change in the

1)
3

" general price level.

We can define the relative price change in terms of a "differential
escalation rate”, i.e., the expected peréentage difference between the rate of
increase assumed for 3,given item of cost (such as energy), asd the-general
rate of inflation. Let us denote the lotal escalation rate, "E"; the

—

+differential escalation rate, "e"; and the general rate of price inflation,

llIll.

o3
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Cash flows that are projected to increase 1n amount at about the same rate as

general price inflation (i.e., E = I) have no real or differential escalation

vy

(i.e., e = 0), and, therefore, will remain unchanged in constant dollars from

the initial amount. Rousine maintenance costs, for example, are often assumed

to remain the same -lw constant dollars.
o ' .

Cash flow; that change at a rate Qifferent from the rate of genéral price
inflation (i.e., E# I and e :gz); change in constant dollars. In a

Federal analysis, the projected real or differentiai escalation rate, e, can
be used with the single‘compound amount formula to calculate future amounts in

- .
constant dollars.

The three figures below illustrate three cases of differential escalation. In
each figure, time is measured on the x~axis and dollar costs on‘Che )
y-axis. The solid 'line in each figure, prqjected from ;he y-axis, traces the
actual rise‘in price over N years of an 1tém which initially costs Cj. That
is, the solid line, defined by the equation FE = Co (1 + E)N, depicts current
dollar costs for a given E over N years. The dashed line in each figure
traces the rise in cost over N years that would occur if the item increased

in price at the rate of general price inflation, 1. 1t is defined by the
equation Cy = CO (1 + 1)N. The da§h;a-dot line traces the change in constant
dollar cost over N years. It is defined by the equation Cc = Co (1 + e)N,
Figure 1, where the dashed line and solid line are c01nc1dent,;§hows the case
for which the rate c, total chan:S\}q%the price of the item, E, is just equal

to the rate of change in the general price level, I (i.e., the dif ferential

escalation rate, e, is zero). . In this case, .the future current dollar cost

a3
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Fig. 3-1 Change in Dollar Values Over
Time as a Function of Price '
Escalation: E =1 and e = O, !

0 N4 N

¥ig. 3-2 Change in Dollar Values Over
Time as a Function of Price
Escalation: E > I and e > 0.

Fig. 3-3 Change in Dollar Values Over
Time as a Function of Price
Escalation: E < I and e < 0.
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in N; years is Cp, i.e., Co (1 + E)N1 = Cp. But in constant dollars, the
future cost, C., is still Cp, because e = 0 and the constant dollar cost, Cg,
is equél to Cy (1 + e)N, |

a,
Figure 2 describes costs for the case where the rate, E, of total change in
the price of the item exceeds the rate, 1, of change in the general price
level, such that the differentlal rate, e, is positive. In this case, the
future current dollar cost in year N; is greater than Cy--it is C3 in the
example-—and in constant dollars the future cost; Ce, 1s higher than Cp,

because E > I and e > 0.

Figure 3 shows dollar costs for the case where the rate, E, of total change in
the price of the item is less than the rate, I, of change in the general price
level; such that the differential rate, e, is negative. In this case, the
future current dollar cost, Cg, in year Nj is less than Cy--it is C; in the
exampI;--and in constant dollars the future cost, Cg, is below Co because E <
I and e < d. |

1
Y
\

\\

ponstant'gollar Versus Current Dollar Analyses

. When future costs and benefits are stated in constant dollars, incorporating

\
only the rglative price change and excluding inflation, it is appropriate to

discount tﬁe future values to a common time basis using a real discount rate,
denoted "d"; which does not include inflation. The 7 percent discount rate
specified for evaluating Federal energy conservation projects and the 10
percent discount rate specified for evaluating other kinds of Federal projects

(not specffically exempted) are both real discount rates.
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When future cash flows are estimated to include inflation, the discount rate

should also include inflation; that is, a nominal discount rate, which can be
denot;d "D," should be used for discounting current dollar cash flows. Market
1nterést rates are nominal rates. The weighted cost of capital (expressed as
a percent), which is often used by corporations as a discount rate, is a
nomi nal rate,
Ty
If correctly formulated, an analysis in constant dollars worked with a real
discount rate will yield the same result as an analysis {n current dollars
worked with a nominal discount rate. While the constantﬁzollar approach is
recommended for Federal analyses, the current dollar approach is often

preferred for the analysis of taxable investments because it can facilitate

the analysis of tax effects.

To see the relationships between the two appfoaches, the following

relationships should be noted:

a) E=(1+e) (1 +1) -
= ¢ + 1 + el,
1l +E
b) e = -1, d
1 +1 :

c) D=(1+d (1+1) -1
d +1 +dI, and

L]

1 +D

d) d = —l .

1 +1
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vhere

E = the rate of total change in the price of a given itemn,

e = the differential rate of change in the price of the item,

1 = the rate of general price inflation,

D = a nominal discount rate, and

d = a real discount rate.
By pairing E and D for escalation and discounting, purely inflationary effects
cancel out of the analysis. By pairing e and d for escalation and
discountlng; purely inflationary eff;cts are simply omitged from the
analysis.

References:

Discussion of the Causes of Changing Monetary Values Over Time--See Hand-
bUOk 135, ppo 7-8.

Federal Energy Price Escalation Rates—-See Tables C~1 through C-11, Hand-
book 135, pp. 134-144.

UPW* Factors for Combined Escalation and Discounting--See Tables B-1 through
B-11, Handbook 135, pp. 118-128.

UPW* Factors for Combined Escalation and Discounting Based on Various Discount
Rates and Escalation Rates (Non-Specific to Federal Fnergy Costs)--See
Tables B-12 through B-14, Handbook 135, pp. 129-131.

Year-By-Year Method of Calculating the Value of Energy Savings (when it is
necessary to adjust for changes in the annual quantity or source of
energy)--See Appendix G, Table G-2, and accompanying text, Handbook 135,
pp. 219-223.




Section 4
o~ Study Period
The purpose of this section is to provide guidelines for setting the length of
the study period, the t;ge over which project costs and benefits will be
assessed. The discussion ia organized into the following parts:
(1) Maximum Study Period
(2) Selecting a Study Period for Present Value Comparisons of Proncts

(3) Selecting a Study Period for Savings-to-Investment Ratio (SIR)
Coumparisons of Projects \

(4) Reconciling Project Life and Study Period ‘

\

(5) Delays Between the Time of Projec: Evaluation and Project \
Initiation ~ \

‘ Maximum Study Period

For evaluating Federal energy conservation projects, an upper limit of 25

years is set for the study period, reflecting uncertainty 1n'projecting energy

prices for longer periods of time.

Selecting a Study Period for Present Value Comparisons of Projects

For selecting among mutually exclusive project alternatives based on present
value LCC or NS, the same study period should be used to evaluate the
alternatives. The use of different study periods would result in different

present values even if the alternatives were equal in cost effectiveness.

Reference: See Section 3.10, Handbook 135, pp. 33-34.




Selecting a Study Period for SIR Comparisons of Projects

The raukings of projects according to their SIR's will not be affected by \
having different study periods for different projects if there is no
differential price escalation included in projeét cash flows. If differential
price escalation is included, the comparative rankings of projects may be |
affected somewhat by the use of unequal study periods. In this casé, the use
of equal study periods will avoid any biasing of results. The life-cycle cost
guidelines of the Federal Energy Management Program, however, do not require
that all projects be evaluated for the same study period when ranking them
according to their SIR's. This decision reflects the desire to simplify the

evaluation procedure where possible. The simplification in this case 1is the

E avoidance of many repetitions of the calculations for short-lived projects.

Reconciling Project Life and Study Period

Replacement and salvage values are used to reconcile differences between

study periods and project or component lives when these are unequal.

Delays Between the Time of Project Fvaluation and Project Initiation

Economic analyses performed for the purpose of dete’ nining the cost
effectiveness of a project generally do not give the same level of attention
to the details of cash flows ~uring the planning and construction phase as

would a cost analysis almed at controlling construction costs. Nften the

following two simplifying assumptions are made: (a) all construction costs
occur at the outset of the study period, which is coincident with the time the
analysis is performed, (b) operational costs accrue at the end of each
year thereafter. In most cases, the inaccuracies introduced by these

assumpt ions will be small and will not affect the decision.
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In choosing among brojects with substantially different time delays, however,
it may be important to take into account those delays, since the relative cést
effectiveness of the projects may be affected. For example, suppose the
choice were between two mutually exclusive energy retrofit projects, each with
a 10 year life, for a faciiity expected to be in service another 10 years. If
one alterhative could be implemented immediatély, but the other would require
a delay of 5 years, the timing of the projects would be relevant to the
choice, since the effective life of one of the alternatives is reduced to 5

years and benefits during the delay interim are lost to that alternative.

In comparing the life-cycle costs of a project with a delay in implementation |
against the life-cycle costs of a base case condition (i.q., not having the
project), a distinction should be made between those costs which can be
avoid~4 during the delay period if the project will eventually be undertaken,

and those which cannot be avoided. Consider, for example, a proposed project

which could belimplemented three years from the present. If khowledge that

the proposed project were forthcoming would allow the avoidance of certain

costs during the interim three years that would otherwise be incurred under

the base case, the cost avoidances should be attributed to the proposed

project. .This can be done by including these costs in the Base Case but not

in the Proposed Project costs., Costs that cannot be avoided during the

interim (i.e., those that are sunk) can either be included in both the | [
evaluation of the Base Case and the Proposed Project or omitted from both,

since they will in any case cancel out of the analyses. |




Section 5

Project Selection
The term "project selection” is used here to cover the following types of
project investment deciiidns, each of which is di ‘'ussed below:
(1) Accepting or Rejecting , Given Project
(2) Designing and Sizing Individual Projects
-~ (3) Ranking Projects for Funding Priority
(4)- Determining Combinations of Interdependent Projects
(5) Jejntly Designing/Sizing and Ranking Projects
Following the discussion of each of these~dffisions, é problem example is
given with step-by-step solution. The problem solution illustrates how the
following techniques of economic evaluation are used in project selection:
o Life-Cycle Costing (LCC)
Net Benefits (NB) or Net Savings (NS)
0 Benefit-to-Cost Ratio (BCR) or Savings-to—lnvestment Ratio (SIR)

o Payback — Simple (SPB) or Discounted (DPB)

References:

"~

S~
Definitions, Formulas, and Applications of Evaluation Techniques — see B

Section 2.3, Handbook 135, pp. 14-22.

Accepting or Rejecting a Given Project

A project is usually deemed cost effective i1f (a) its life-cycle costs are
lower than other alternatives for achieving the same objective, one of which
must be adopted; (b) it results in benefits or savings in excess of its coéts;
(c) it yields an internal rate ofrreturn higher than the minimum acceptable
rate of return; (d) the ratio of overall net cash flow is positive after

payback is achieved.




™
Vo

Cost-effective projects are "worth doing,” other things being equal, but
further analysis may be needed to determine if a given project

should be selected over other project choices.

. References:

Discussion--See Section 2.4.1, Handbook 135, p. 22.

Accept-Reject Problem Example: See Workbook Section ll, Problem Set A,
- “Programmable Time Clock Problem" .

Designing and Sizing Individual Projects

Often the decision maker has choices of design, size, material, or other
attributes of a given project. These are "mutually exclusive” alternatives in
that choosing one means not choosing another. The economic objegtive is to
choose the alternative which results in th:'greatest net benefits or net
savings. If the alternatives are considereéd apart from possible budget
constraints, the economically efficient choice will satisfy at least one of
the following conditions: (a) project life-cycle costs are wminimum; (b)
project net benefits or net savings are maximum; or (c) the ratio of benefits
or savings to costs for the last increment of investment is one; or (d3 the
yield on the last increment of investment approaches the minimum acceptable

Your.
L 4

rate of return.

References:

Discussion--See Sections 2.4.2 and 2.4.3, Handbook 135, pp. 24-25.

Sizing Example: See at the end of this Section, "Pipe Insulation Retrofit
Problem-—-A Case Example of Project Selection”
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Ranking Projects for Funding Priority

References:

When funds are limited and there are more cost-effective projects than can be
funded, choices must be made among non-mutually exclusive projects, i.e.,
projects for which acceptance of one would not preclude'the acceptance of

others, aside from the funding constraint.

The economic objective is to select the combination of projects that will

maximize net benefits or net savings for the available budget. This can often

be done by ranking and selecting projects in descending order of their
benefit-to-cost or savings—-to-investment ratios, until the budget is
exhausted. If the project ratios fall below one before the available budget
is exhausted, then project acceptance should terminate with the last project
whose ratio exceeds one. If, due to “"lumpiness” in project size, higher
ranked projects cost more than the available budget, while lower ranked
projects are affordable within the budget, lower ranked projects (but with
ratios greater than one) should be selected in descending order until the
budget is exhausted.

{

Discussion--See Section 2.4.4, Handbook 135, ppi 25-26.

Ranking Projects Example: See at the end of this Section, “Pipe Insulation
Retrofit Problem--A Case Example of Project

Selection,” and Workbook Section 12, Problem Set B,

"Water Conservation Problem"

Determining Combinations of Interdependent Projects
& .

In evaluating candidate projects for a particular building or facility, the
problem of interdependency among projects may arise; that is, undertaking one

project may affect the relative life-cycle costs and savings of remaining

projects. For example, the value of adding an automatic environmental control
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system will differ depending on the level of insulation in the building

envelope and vice versa. Undertaking one will tend to diminish the value of
the other. An approach to this problem is to evaluate each of the candidate
projects independently of one another, select first the one with the highest
BCR or SIR value; and then adjust the BCR or SIR value‘of any remﬁining
projects that are expected to be substantially altered by the first, higher
priority, selection. The ;election process would then be continued, with

necessary adjustments to remaining projects being made as each project is

chosen.

References: See Workbook Section 12, Problem Set B, "Team Problem—--Planning
an Energy Conservation Package"

Jointly Designing/Sizing and Ranking Projects

Wwhere there are several, non-mutually exclusive projects with positive net
benefits and there is an insufficient budget to fund all of them, the
theoretically correct approach would be to size each project such that the
incremental BCR or SIR would be equal for all projects and equai to the ratio
available on the last increment of the next best investment (i.e., equal to
the opportunity cost). Then projects would be selected on the basis of
descending BCR's or SIR's computed on the total project costs and henefits

(savings) until the buiget is exhausted.

v Due to the difficulty of simultaneously equating the incremental ratios on all

projects, second-best approaches are often used. One is to size ;each project
gso that the incremental ratio is equal to one, and then select projects as

before in descending order of BCR's or SIR's until the budget is exhausted.

This may lead to inefficient, oversized projects when there are budget

constraints. A second approach, and one that is generally preferred to the
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first one, is to set up the sizing decisions when possible in the same context ;
as the ranking decisions under a budget constraint, thereby'conatructing the
problem in such a manner that the sizing of given projects and ranking of a

set of projects will occur simultaneously.

References:

Problem Example: See at the end of this Section, “Pipe Insulation Rétrofit
Problem-A Case Example of Project Selection”
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Pipe Insulation Retrofit Problem -- A Case Example of Project Selection

[Note: This is a hypothetical example for use only to illustrate the
evaluation technique.]

This case demonstrates (a) the discounting of costs and savings; (b) the use

of the.evalﬁation techniques of life-cycle cost (LCC), savings-to-investment .

ratio (S{R), and discounted payback (DPB) to dete}mine if a project is cost

effective; (c) the use of net savings (NS) and incremental SIR (ASIR) to

determine efficient project size if there is no budget cénstraint; and (d) the

use of the SIR and ASIR to rank the project and its siz; increments relative
~'to other projects competing for limited funds.

——

Problem Statement

Approximately 100 ft of hot water pipes running through the basements of each
'\of 10 buildings of a Federal laboratory facility in Massachusetts have been
found to be uninsulated. Data and assumptions are as follows:&

Quantity of Uninsulated Pipe: 100 ft/Bldg x 10 Bldgs = 1,000 ft
Required Water Temperature: 180°

Pipe Size: 1 1/2" Diameter _

Operation: & hr/day x 260 days/yr = 1,040 hrs/yr

Type of Energy: Distillate 0il .

Agency Base-Year Price of Distillate: $9.00/106 Btu

Plant Efficiency: .55

Remaining Building Life: Indefinite

Insulation Life: Indefinite

Available Insulation Choices: 1" or 2" of Fibrous Material

8For the purpose of demonstrating the basic procedures, this sample problem
is kept simple. In actual practice, there would likely be other consider-
ations for energy conservation than those included here, such as the
possibility of reducing the water temperature.




" Step 1. Calculate the quantity of annual energy savings (AES). for the
alternative sizes of insulation

o Formulate Estimating Relationship:

AHLR/hp/ft  hre/yr . i
AES (100Btu) = ,
eff o 106

where AES = annual quantity of energy savings,

AHLR = decreage in Btu heating load requirements, and

eff = plant efficiency.
(Note: The numerator is divided by 106 in order to state AES in terms of
millions of Btu.)

s

o Refer to Figure 5-1 (or use other appropriate approaches) to estimate

the value of AHLR/hr/ft with and without the insulation.
0 Refer to Problém Assumptions for the number of hours, linear feet of pipe,
and plant efficiency.
o Calculate AES:
(150 = 20)Btu/hr/ft < 1,040 hrs/yr _ 1,000 ft |

AES)» = I
0.55 < 106 ,

245.8 x 106Btu

(150 - 12.5)Btu/hr/ft « 1,040 hrs « 1,000 ft

-—

AESZ" -
0.55 « 106

260.0 x 106Btu

Step 2. Calculate the present value of energy cost savings.(PvEs) over the
life cycle (study period) for the alternative sizes

o Focrmulate the estimating relationships:
PVgg = AES ¢ P/106Btu « UPW#

where  PVgg = present value dollar energy savings over the study period,

AES = annual quantity of energy savings,

5=7 6 8
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BEST COPY AVAILABLE

Figure 5-1

LCC PROBLEM SOLUTION — ESTIMATION
OF ENERGY SAVINGS

Determine HOCI Loss Rates With & Without Insulation:

e Uninsulated Pipe: 150 BTU/hrlft

e 17 Insulated Pipe: 20 BTU/hr/ft

"~ 2" Insulated Pipe: 12.5 BTU/hrift




/

i

P/106Btu = initial price per 106Btu of energy, and
UPW* = modified uniform present worth discount factor.

o Design;te the length of the study period.

o Refer to Problem Aasﬁmptions for initial price of ene7gy.

o Refer to Problem Asaumptiona/for the DoE Regionlin wHich the laboratory
facility is located, the nature of the building (residential, commercial,
industrial), and the type 7% energy, and find the corresponding UPW* for
the aﬂpropriate study period from Appendix B of Handbook 135. In this
case the UPW* = 17,77 (from Table B-1, Handbook 135, p. 118).

1

o Calculate PVgg:

For 1" of Insulation: , f

| PV, = 245.8 x 10Btu * $9.00/106Btu - 17.77
l

= $39,311.

!

For 2" of Insulation:

PVEs,. = 260.0 106Btu * $9.00/106Btu - 17.77

- 541,5§6.

| \

\ Step 3. Calculate project investment costs for the alternative sizes of
\ insulation -

o Formulafe the Estimating Relaﬂionship:

'

\
where I = project investment cost (in present value $),

; \
I = P/fc x ft x (1 - FEMP Adj. \Factor), .

P/f+ = price per linear foot of lnsulation,
\

ft = linear feet required, and \

" | / | \.\“‘ | ? 0




\\

\.

FEMP Adj. Factor = 102 reduction in investuent costs as a rough measure of the
social benefits of energy conservation not reflected in
market prices. (Note: this was established as a temporary
procedure which may be eliminated.)

o Refer to Table 5~1 (or use other appropriate approach) to estimate Project

Investment Costs.

o Calculate Investment Costs:

Il" = $2.50/ft . 1,000 ft . 0.9
= $2,250.
Ip» = 34.55/ft « 1,000 ‘t . 9]9

= $4,095.

Step 4. Calculate present value net savings for the alternative sizes of
insulation

o Formulate the estimating relationship:
NS = PVgg - I

where NS = net savings in present value dollars,
PVpg = present value energy savings,
1 = project investment cost.
o Calculate NS:
NSy~ = $39,311 - $2,250
= $37,061.
NSp» = $41,582 ~ §4,095

= $37,487.
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;‘Table 5-1 Costs tor Insulating Various Pipe Sizes
Installed Cost/Linear Foot of Pipe Insulation*
Pipe Size 1 Inch Thickness 2 Inch Thickness

(Inches) - (Fibrous Material) (Fibrous Material)
($) ($8)
1/2 2.00 3.70
3/4 | 2.10 . 3.95
1 2.20 | 4.15

1 1/4 2.40 | bas
1 1/2 2.50 4.55
2 2.70 4,74
2 1/2 2.85 5.15
3 3.10 5.45
3 1/2 3.40 5.80
4 3.90 6.40
5 4.30 7.20
6 4.80 7.75
8 6.45 9.55
10 7.20 it 1
12 8.30 | 12.25

Source: Mechanical and Eiectrical Cost Data 1979, R. S. Means Co., Inc.

* These are average installed costs, including labor and materials, for pipe
located in accessible areas. Inaccessibility would cause increases in
costs,

Note: There is a small discrepancy in this example between the year's
dollars in which energy savings and investment costs are expressed.
That is, the UPW* factors used to find the present value of energy
gsavings are based on a mid-1981 starting point, whereas the above
investment costs ave Ln 1979 dollars. To provide a great.r degree of
accuracy, investment cost data for 981 could be used, o., if they
were not avallable, the 1979 prices could be adjusted to a 1921 basis
by applying to them a ratio comprised of a 1981 price index divided by
a 1979 price index for the appropriate category of building materials.

Q 5=11
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Step 5. Answer the question, "Is it cost effective to insulate the laboratory
hot water pipes?"”

Answer: Positive net savings indicate that the investment 18 cost effective.

Step 6. Verification of Project Cost Effectiveness by Other Evaluation
Techniques. [Note: This step is unnecessary in so much as the NS
technique is reliable for determining cost effectiveness; it is
included only to illustrate the use of other techniques. )

<¢

life-Cycle Costing (LCC) Evaluation

Approach: Calculate the total present value of energy costs plus other costs
cver the study period for the base case (i.e., without the retrofit project)
and for the proposed retrofit project in its alternative sizes, and see if the
total is lower with the project.

[/ Caiculate,preaent value life-cycle.costs for the base case (LCCgc):

™~

LCCgc = (150 Btu/hr/ft 1,040 hrs - 1,000 ft) -+ $9.00/106Btu -« 17.77
0.55 + 106 ;
= $45,362,
o Calculate present value life-cycle costs with the retrofit project for

each size alternative (LCCg):

(20 Btu/hr/ft - 1,040 hr - 1,000 ft)

LCCg_ . = « $9.00/100Btu +-17.77 + $2,250
1 0.55 - 106
= $8,298.
(12.5 Btu/hr/ft « 1,040 hr - 1,000 ft)
LCCg = - $9.00/10%Btu -« 17.77 + 54,095
-2 0.55 - 106
= $7.875.

Conclusion: Life-cycle building costs are lower with the project in either
size alternative than without it, i{ndicating that the project in either size

18 cost effective,
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Savings—-to—~Investment Ratio (SIR) Evaluation

Approach: Calculate the SIR for each project size alternative and see if it

exceeds 1.

(150-20)Btu/hr/ft * 1,040 hr « 1,000 ft
SIR)* =« $9,00/1068tu « 17.77|+ $2,250
0.55 « 100

= 17.47 ¢

4

(150-12.5)Btu/hr/ft « 1,040 hr + 1,000 ft |
SIRp" * $9.00/106Btu « 17.77|+ $4,095
0.55 « 106

= 10.15
Conclusion: The SIR is greater than 1 for both size alternatives, indicating .

that either is cost effective.

~ Discounted Payback (DPB) Evaluation

Approach: Calculate the cumulative présent value energy savings for each
(. project size and determine in what year (Y) the cumulative discounted
savings exceed the investmert cost for that size alternative, i.e., for what Y

is PVgg(Y) = I > 0.

The cumulative net savings numbers shown in table 5-2 are calculated as

follows:
UPW*
for
(150-20)Btu/hr/ft 1,040 ¢ 1,000 ft N=1
PVgg (Y=1)-I= - « $9.00/105Btu + 0.96
1 0.55 « 106

-$2,250 = -$126.

74
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¢ UPW*
X for
(150-20)Btu/hr/ft « 1,040 « 1,000 ft N=2
PVgs (Y=2)-1= « $9,00/106Btu + 1.88
1 0.55 + 106

-$2,250 = $1,909. k‘\\

(150-12.5)Btu/hr/ft « 1,040 br « 1,000 ft
PVgg . (Y=1)-1= - + $9,00/106Btu + 0,96
2" 0.55 « 106

-$4,095 = -§1,849.

(150~12.5)Btu/hr/£t' « 1,040 hr « 1,000 ft
PVgpg . (Y=2)-1I= * $9.00/106Btu + 1.88
2 0.55 « 106

b

~$4,095 = $304.

‘ /

Table 5-2. Discounted Payback Solution

Cumulative Present Value Cumulative Net Savings
Energy Savings
Y 1" Insulation 2" Insulation 1" Insulation 2" Insulation
0 0 0 -$2,250 -$4,095
1 2,124 2,246 -126 -1,849
2 4,159 4,399¢ 1,909 304
3
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Conclusion: For boE“;size alternatives, payback occurs in the secoud year--long
before project life and energy savings are expected to end. Since there are no
anticipated project costllzfter initial installation, the project in either size

is cost effective.

Step 7. Answer the question, "Which Project Size is Most Cost Effective?”
Answer: 2" insulation results in greater net savings than 1" and, therefore,

2" 1is more cost effective if there is no budget limitation.

N\
//
\

Step 8. Verification of Mos” Cost-Effective Project Size by Other
Evalution Techniques. [Again note that this step is unnecessary and
is included merely to illustrate the use of other techniques.]

A
y;

Life-Cycle Costing (LCC) Evaluation

Approach: Compare LCC's of size alternatives to see which is less:

LCC

Size Alternative ) .
1" 8,298
2" 7,875

Conclusion: LCC is lower with 2" of imsulation than with 1", indicating that

2" is more cost effective if there is no budget limitation.

Incremeatal SIR (ASIR) Evaluation

Approach: Determine if the 4SIR is ggeater than l. Note that the ASIR is the
ratio of savings to investment for"the.légg increment of inve;tment, in this case
the extra investment required to increase insulation thickness from 1" to 2";
if.e., 54,095 - $2,250 = $1,845. The incremental dollar savings is based on the
reduction in the hourly heat loss rate from 20 Btu/hr/ft with 1" of insulation to

12.5 Btu/hr/ft with 2" of insulation.
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f.
(20-12,5)Btu/hr/ft « 1,040 1,000 ft TN
ASIRpvsg" = pyPT—— - * $9.00/106Btu « 1%.77

+ (84,095 - $2,250)
= 1.23.
Conclusion: The ASIR is greater than 1, indicating that the additional
expensé of the added insulation thickness is more than offset by the extra
energy savings, such that the 2" size is more cost effective than 1" if there

is no budget limitation.

[Cautionary Note: The SIR computed on total investment and total savings data
does not provide a reliable technique for sizing projects. The SIR for the
1" thickness, for example, is 17.47, substantially higher than the SIR for

the 2" thickness of 10.15, yet the incremental investment is cost effective.
(The discounted payback technique has the same type 6? shortcoming for sizing

projects as the SIR.)]

Step 9. Answer the question, "What Priority Should This Project Receive
Relative to Other Projects if the Budget is Insufficient to Allow
Acceptance of All Available Cost-Effective Projects?”

Approach: The eccnomic objective in setting priorities is to choose the

projects that will result in the greatest net benefits from the available

budget. ! s8igning project priorities based on the descending order of project

SIR's provides a workable approach for achieving (or closely approximating)

this objective.
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When there is a budget constraint, project sizing can often be accomplished in

conjunction with project ranking by breaking projects.into their size
increments, computing SIR's on those increments, and ranking the incrgments
relative to other potential projects. Assume, for example, that the
illustrative pipe retrofit project using a 1" thickness of insulation is
dgsignatéd Project A, and the project increment required to increase thick-
ness from 1" to 2" is Aesignated Project B. Projects A and B can then be
assigned priority relative to other projects C, D, E, F, and G--all of which
are competing for the limited funds available-—according to their sfk's, as

shown in table 5-3. ' ) .

& o
& Table 5-3. Joint-Sizing and Ranking of Projects

Potential ’ Project Ranking
Projects SIR for Priority
A (0+1" of Insulation) 17.47 2

B (1+2" of Insulation) 1.23 b)

N ) ‘

C 1.15 6

D 15.50 3

E 25.00 1

F " 12.52 4

G 0.75 ‘ not acceptable




—~

b

Since it is cost effective to choose 511 projects with SIR's greater than 1,

2" of insulation will be selected over 1" if’ sufficient funds remain

after Projects E, A (1" of insulation), D, and F are funded.

In‘practice,'thexaizing decision and the project priority decision are often

. treated separate{y,'rather than jointly as shown above. A project may first

be sized as though there were no budget constraint (i.e., 2" thickness, of
¢ '
insulation), and then assigned priority relative to other projects based on

. the SIR computed on the size selected. Hﬁing this approach in the above

example, Rrojecé\A.(l" of insulation; SfR = 17.47) and Project B (the
increment from 1" to 2" of insulation; SIR = 1.23) would not he separately
identified in the ranking. Rather a single project entry (designated A)
would be made, based on total values for 2" of i ul;tiqn (SIR= 10.15), as
shown in table 5-4f

e S

Table 9=4. Ranking of Projects of Predetermined Size

Potential ’ Project Ranking
Projects SIR for Priority

A (2" of Insulation) 10.15 4

C | L5 5 P
D /f// 15.50 2

E 25.00 1

F 12,52 3

G , 0.75 not acceptable

7
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[4

This latter approach results in a different relative priority of the projects

than the former approach. A disadvanf?ge of this approach is that°i} funds
are very limited, the project may not be done at all, even though its first
increment (1") is estimated to be more cost-effective than projects D and F
which now receive higher priorities. An advantage of the approach is thet the
projects which are selected will be sized so as to avoid the loss of potential
net benefits. For example, if 1" thick pipe insulacion is instal&fd, there
will not likely ﬁe an&fher opportunity to capture the additional net benefits
that would have resulted from the additional thickness of 2". The relative
merits of the approaches depend to a large extent on (a) ;he severity and

duration of funding shortages and (b) the costs of later additional rétrofit.

80
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Section 6

Sensitivity Analysis

Some of the costs and most of the benefits of capital investment projects
occur in the future, necessitating forecasting of their values. Since fore-
casted data are usually uncertain, the findings of the economic evaluation
will also tend to be uncertain. In addition, there are often unknowq/élements
even in the very short run which may cause estimated values to deviate from
actual values. Sensitivity analysis is one approach for taking into account
uncertainty in‘economic evaluations. This section briefly treats the
technique in three parts:

(13 Approach

(2) Applications
) (3) Examples
Approach

Sensitivity analysis is performed by simply repeating a project evaluation,

with each repetition based on a different value of the factor in question.

Applications

N

Sensitivity analysis is used in‘fhree main ways: (1) td identify critical
parameters, (2) to address "what if" questions, and (3) to establish upper and
lower bounds for the estimated outcome. Sensitivity analysis is used to
identify the factors that are critical to a project's success by changing in
turn or in combination the values of factors in the analysis by given
perzentages and observing the corresponding percentage changes in the measure

of economic performance.




§
o |
Sensitivity analysis 1s used to address "what 1if" questions (sdsh as how
\ .
worthwhile will the project be if a certain component lasts only half as long

) .
as the manufacturer claims) by finding the outcome under the hypothesised

a

condition. The technique is used to set upper and lower bounds of estimated

outcome by repeating the analysis for the worst case and the best case.

Examples

Figure 6-1 illustrates a project choice that is sensitive to qhe'length of
time over which the préject will be required. For a study period. of less than
about 10 years,ﬂ?ihhs the lo;er 11fe-c§ﬁle cost, but for a study period
greater than 10 years, A:has the lowe; life~cycle cast.

Figure.6-2 illustrates the senqitivity.of present value energy savings to\fhe
rate of energy escalation. Given a fixed discount rate of 7 percent and no
escalation, present value savings rise only slightly over time. But as the

escalation rate increases to 7 percent and then 14 percent, the presant value

savings rise sharply ovér time.

References:

See Workbook Section 13, Problem Set C, "Sensitivity Analysis Problem:

Insulation,” and .Workbook Section 12, Problem Set B, "Computer Room Waste Heat

Recovery Problem."




Figure 6-1 Sensitivity Analysis
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Sensitivity Analysis
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Section 7

Probability Analysis

Probability analysis is another techaique for taking into account uncertairn 'y
in economic evaluations. It relies on the use of probabilities rather than
repetition of the evaluation. Probability analysis is a useful approach whetn
(a) there is more than une possible condition, or “state of nature,” which can
occur, (b) the project outcome may differ depending on the state that occurs,
and'(c) the probability, or relative frequency, with which each possible state
is expected to occur can be used to calcu!ate the average, or "expected,”
value of possible outcomes weighted according to their frequency of
occurrence. The following four sections provide a brief treatment of the
topic:

(1) Approach

(2) Problem Illustration--Calculating Expected Values

(3) Decision Trees

(4) Computer Simulations

Approach .q
(1) List the alternative course843£—action under consideration for wﬁ;ch a

decision is to be made. For example, whicH of two project alternatives,

Project A o: Project B, should be selected? T
(2) List the possible states which may be significant to the project decision.

For example, a component may function without failure (state 1), or it may

fail during the project study period (state 2).




;
(3) For each state, estimate in turn the outcome if that state occurred and
cach of the alternative courses of action were taken. For example, what is
the estimated life-cycle cost of Project A if state ! occurs; what is the
life-cycle cost of Project B if staé;ﬁl occurs; and what are the ligg:gycle
costs of each project if state 2 ;céurs? [Note that this is in effect

sensitivity analysis using the conventional evaluation techniques considered

prcviously., ]

" .
\

(4) For each possible state, it can now be determined which course of action
would be best if it were known with certainty that the state in question would
occur. Project B might be found to be the more cost—effective project if
state 1 occurred with certainty, and Project A the more cost-effective project
if state 2 occurred with ccrtainty. [Note that one course of action might be
preferred, or “dominant,” for all states, in which case the desired course of
action is clear. This means that the decision is not sensitive to the state
which occurs. But if the best course of action does depend on the state that

occurs, further analysis is required as described in steps 5~7 below. |

(5) Assign é probability to the likely occurrence of each sfate, making sure
that the probabilities of all of the states sum to 1.0. (The previous
statement assumes one and only one of the states cecurs). For example, state
1, no component failure, may be expected to occur 60 percent of the time, and
state 2, fallure, 40 percent of the time. [Nute that these probabiliicies may
be hased on statistical observation of the frequency of failure in like or
gimilar components, or they may Le based on a measure of the degree of bhelief

that the respective stater will occur.]




(6) Calculate the expected value of eech course of actlon. This is done for
a course of action by multiplying the value which would result from that
course of action under each state of nature by the probability that the state
of nature wi%} occur, and summing the results. For example,

EVy = p| XAl * P2 XA2 * o * Pn Xan +
where FV, = expected value of a given course of action, A,

P, = the probability of a given state occurring, where the subscript
indicates states 1 to n, and

Xapp = the estimated value associated with the given course cf action, X,
if the state designated by the subscript n were to occur
with certainty.

)
(7) Choose the course of action according to the expected value criterion, i.e.,

minimize the expected value of cost or maximize the expected value of net

benefits. This decision prucess, based on expected valJ%s. is illustrated in
n \‘\_

-

the hypothetical example whiéh follows.

!




s

K

Problem Illustration-~Calculating Expected Values

(Note: This is a hypothetical problem intended only to illustrate the
technique,]

The problem is whether or not to install an emergency power generator for
‘refrigerated storage in a Federal qarehouae facility. The “generator costs
§5,000 to purchase and install, and is expected to have no other significant
costs over its estimated 10 year life.  Two courses of action are to be
considered: Course A, do not install the generator; and®Course B, install the

l
generator.

~§

The rationale for installing the emergency generator is to protect against
lqsses of stored goods which will result if there is a power failure lasting
more than four hours. Based on past experience, the electric utilit: predicts
the probability of a single occurrence within the period of a year of power
failure exceeding four hours to be .005. The Federal agency esuimates the value
of losses per event of major power failure to be $50,000 without the generator,

and $0 with the generator.

The decision maker wishies to make the decision on the basis of minimizing the
expected value of the overall cost of the operation. Should the generator be

installed? (Assume that a 10 percent discount rate applies.)

88




SOLUTION

'y

+ Table 7-1. Annualized Cost of Alternative Actions Under Possible States of

- Nature .
'
¢ S Annualized Cost, Given State
State 1 State 2
. ' No Power Failure Power Failure
Courses of Action (p = .995) (p = .005)
A (Do Not Install Generator) $0 $50,000_
B (Install Generator) - $8158 $8158

G

8 The annualizéd cost of installing the generator is $5,000 x .163 = $815,
where $5,000 is the initial cost and .163 is the Uniform Capital Recovery
Factor for 10 years and 10 percent. '

Expected Value Calculations:

EV, = [€0) (.995)] + [($50,000) (.005)]

= $250.

Evg = [($5,000) (.163) (.995)] + [($5,000) (.163) (.Q05)]

-~
.-

= $815.

1

. (Note that EVp can be found simply as ($5,000)(.163), because according to

problem assumptions the cost of installing the generator is $5 000 regardless of
the state. The calculation is shown broken down into elements for each state of
. nature to portray the more general case. For example, if a power fallure would
result in partial losses despite the installation of the generator, then the
cost of Action B would be a funcilon of the State of Nature.) si:
Decision: : -

Do not install the emergency generator.
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Decision Trees .

lbcision.trees are useful schematic forms for depicting .n a decision framework
alternativeioutcomes resulting from probabilistic events., A decision tree for
the illustrative problem is shown below. Decision trees are constructed from

left to right and are analyzed from right to left. Boxes are used to indicate

controllﬁple (decision) points and circles for uncontrollable (chance) events.

’ DECISION TREE

power failure $52.000

$250
do not install generator {.005)
no power failure $C
8250 - (.995) J
power failure $5,000%.163
$815 (.005)

install generator

no power failure $5,000%.163
(.995)

Computer Simulation

Computer simulation is generally required whea probability Jdistributions are
used for a number of input values.  The computer is programmed to select a value
at -andom from each of che input d'stributions, and to compute a measurc of

7""6 . o

30




economic pergormance (such as net savings) for each set of data so selected.
L]
This operation is repeated many times, fenerating a probability distribution of

the output. Statistical analysis of\ the output distribution can then be used to
provide the decision maker with a measure of the degree of dispersion, the risk

-
associated with the project, as well as the expected va}ue.

Reference: See Workbook Section 13, Problem Set C, "Problem in Probability
Analysis: Heat Pump Versus Solar Energy System.”

a——

I1




Section 8

Break-Even Analysis

\q

Break-even analysis is a technique used to solve for the value of a nelected ‘
pavameter which will eqd;te benefits and costs. It is useful in a variety of ,
decision making applications, usually in a supporting or supplementary role to
other evaluation techniques. This sezfion provides a brief introduction to
the use of bréak—even analysis in the following three ;arts:

(1) Approach

(2) Applications o

(3) Break-Even Analysis Problem Illustration: Make-Buy Decision

1

Agnroach

Select a critical parameter, the value of which is uncertain, and treat ihat
parameter as an unknown. Con;truct an equation which sets present value
nenefits equal to present value costs (or the costs of alternatives equal to
one anofher, depending on the nature of the problem), entering into the
.equation the unknown parameter. Solve for the value of the parameter, The
solution value ls the minimum or mﬁximum value which that ﬁarameter can take

and still have the projcct be minimally cost effective. For example, the

“ 4

break-even purchhse.and installation .cost would indicate the marimum amount
that a project could cost initially and be minimally acceptable, other things
being equal. To evaluate project ecceptability, the decision mgker must
consider the likelihood that the actual value of the parameter will be greafer

or less than the solution value.




Q

Applications

One type of application for the break-even techniqﬁe is in making decisions
that rcsult in the substitution of costs thst are relatively fixed for costs
that are relatively variable. ‘ExampLes include decisions to own versus to
lease buildings and equipment; to produce an item internally versus to buy it
outside; and to use labor-intensive versus.capital-intensive production

LY -

techniques.

Break-even analysis is useful to address the problem of quertainty a;sociated
with many different kinds of projects by helping to establzsh the boundaries
within which a project will-be cost effective. For example, the technique can
be used to find break-e?en 1n§estment cost, break—even energy savings,
brgak-even system life, and the minimum or maximum required valuye of

L]

practically any other parameter critical to project success.

The Break-eVen technique is widely used by private busiress tc estimate the
minimum requirements necessary for successful operations, such as the minirum

sales required to cover total costs.




Break-Even Analysis Problem Illustration: Make-Buy Decision

Ym—

Note: This hypothetical problem is intended only to illustrate the
technique.]

Problem Statement: A temporary Federal facility in Pennsylvania, now in the

planning stage, will have a demand for steam. But at this time only a very

rough estimate of the quantity demanded is available.

An outside source has expressed interest in supplying the steam requirements
at an initial price (PP) of $10.00 per Mlb of steam supplied at the building
boundary, with a subsequent annual escalation of price equal to the annual
change in the GNP price deflator index plus S5 percent. TheAsource appears
reliable and compatible with other aspects of the facility's plan.
Preliminary estimates of the administrative, srace, equipment,.and maintenance
costs required for in~house production are as follows:

Allocated Space (S): $20,000

Administrative (A): $10,000/yr.

Fquipment, Purchase and Installation (E): $200,000

Equipment, Maintenance (M): SS,éOO/yr.
(These are rough estimates because they are dependent to some extent on the
quantity of steaﬁ to be generated which is not known at this time. However,
the cost analyst thinks the cost estimates are relatively accurate because of

the large element of fixed costs involved.)

Additional information required to determine the cost of in-house production

is as follows:




Price of Coal per ton (PC): $45.00

}ntic;pated Plant Efficiency (Eff): 65% 3

Required Length of Service (N): 8 years \\\

Anticipated Salvage at the End of 8 Years (S): O

Btu kontent per Thousand Pounds (Mlb) of Steam: 1.05 x 1068t u

Btu Content per Ton of Coal: 22.5 x 106Btu

The facility planners are trying to decide whether to recommend that the stéam
requirementa'be met through the outside supplier or by in-house production.
They believé life~cycle cost differences should be the deciding factor.
However, they are having difficulty with this comparison due to the

uncertaintylregarding the amount of steam that wi. ! be demanded.

To_do:
Asgist theﬁ with their decision by estimating the minimum quantity of annual

steam demand necessary for cost-effective in-house production.

Solution: ‘

Step l. Equate the cost of purchase with the cost of production, entering
the quantity of steam demanded as the unknown variable; i.e.,

ZMlb ~ 1.05x106Btu/Mlb

PP <ZMlb + UPW*gy, 7%, 5% = S + E + [(A+M) + UPNgy, 77] +
i 0.65 « 22.5x106Btu/ton
|

« PC - UP*gyr 7%, DoE3
|




C .

Step 2. Solve for break-even level of steam, Mlb; i.e.,

~

140. 05 140, 05) |
$10,00 - ZMID - | cmmmmmmmmmmn ||| —{ ommmmmms ) = $20,000 + $200,000 +[(10.ooo+5.000)-'»"*
< \0.07-0.05 J| \1+0.07 t

ZMlb » 1.05x106Btu/Mlb

« §45/ton - 7.37

5.97] + — '
0.65 » 22.5x100Btu/ton -

$73.56 + MIb = $220,000 + '$89,550 + 23.81 ZMlb
$49.75 « ZMlb = $309,550

Zz = 6,222 Mlb. .

Sté& 3. Draw Conclusion, i.e., . ~

For copt-effective production of steam in~house, the annual demand must be
greater than about 6,000 Mlb. Due to the large component of. fixed cost for
in-house steam production, less steam consumption couldi more economically be
purchased from outside. Higher cﬁnsumption. ca the other hand, would help
reduce the cost per pound-for in-house production and thereby likely make it
cheaper than the fixed price per pound of steaﬁ_purchased from the outside.

(- "
References: ) ' . . ’P:

Other Problem Examples: See Workbook Section 12, Problem Set B, "Computer
' Room Waste Heat Recovery Problem,"” and Workbook
Section 14, Probleri Set D, "Team Problem--Break-
Even Orders for a Computerized Procurement System.”




Section 9

Replacement Decisions

Replacement Theory or Analysis is a methodology for finding the economic life,
that is, the service interval for equipment and facilities for which
life-cycle costs for a given level of service will be minimum or net benefits
will be maximized. It is briefly treated here in the following two parts
because replacement decisions go hand=in-hand with other project investment
decisions:

- (1) Approach

(2) 1Illustrative Problem: Determining Optimal Replacement of Like
Equipment .

Aggroach

The customary approach for determining the optimal service interval 1is to

compute the annualized costs for different service intervals and select the
inferval that minimizes annual cost. For certain kinds of problé&s such as
those involving relatively short, well-defined time periods, it may be more

convenient to minimize present value costs.

7
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Illustrative Problem: Determining Optimal Replacement of Like Equipment

[Note: This hypothet’. ¥ gxample is intended only to illustrate the
technique.])

~

Question: How frequently should a given piece of equipment (E,) be replaced?

Data and Assumptions:

o Identical constant dcllar costs (C) for present and future replacement
units of E, of $20,000

o Uniform benefits
o Long duration of service

"o The following are resale values (S) and operation, maintenance, and repair
costs (O+M+R) for each year the equipment is in service:

Year Resale O+M+R

in Value Cost

Service (constant $) (constant $)

1 12,000 2,000

2 10,000 3,000

3 8,000 4,000

4 6,000 v 5,000

5 *2,000 6,000

.prrich:  Find the number of years until replacement (n) for which the
annue ., . .ed cost (AC(n)) is minimum, where

n
AC(n) = [C - (S(n) x SPW(n)) + ) [(O+M+R)4§ x SPW4]] x UCR(n)

«

Solution:

38
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Step 1. Calculate annual costs for different values of n.

[

' n
AC (n) = [C—(S(n)x SPWm) + I [(O+M+R)x SPW] (UCR(m)
$ z -

AC (1) = [($20,000 - (12,000  0.83)] + (2,000 0.93)] (1.07) = $11,449

AC (2) = [[$20,000 - (10,000 >0.87)] +[(2,000 x 0.93) + (3,006 x 0.87)]]
(0.553) = $8,721

AC (3) = [[$20,000 - (8,000 x 0.82)] + [(2,000 x 0.93) + (3,000 x 0.87) +
. (4,000 x 0.82)])] (0.381) = $8,073

AC (4) = [($20,000 - (6,000 x 0.76)] + [(2,000 x 0.93) + (3,000 x 0£T) +
(4,000 x 0.82) + (5,000 x 0.76)]] (0.206) = §7,962

AC (5) = [[$20,000 — (2,000 x 0.71)] + [(2,000 x 0.93) + (3,000 x 0.87) +
(4,000 x 0.82) + (5,000 x 0.76) + (6,000 x‘o.71)]] (0.244) = 35,391

AR

~,




~Step 2. Compare the annual costs for different replacement times and
identify the replacement time for which annual cost is lowest.

YEAR  RESALE ANNUAL O&M  EQUIVALENT

IN VALUE ~ COSTS  ANNUAL COST
_ SERVICE $ $ s

0 20,000 0 0

1 12,000 2,000 11,449

2 10,000 3,000 8,721

3 8,000 4,000 8,073

4 6,000 5,000 7,962*

5 2,000 6,000 8,391

100
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Step 3. Establish replacement schedule.

b}

RESULTING REFLACEMENT POLICY

AC .
($) | Scheduled Scheduled
replacement replacement
8,000 * — ;te,\«)
. | :E - E B
. : i
l i l | | | | |

4980 1981 1982 1983 1984 1985 1986 1987 1988




New Information: Now assume that it is approaching the scheduled time in 1984

for replacing the equipment (E,), based on the preceding analysis. However,

new information has been received that an improved plece of equipment (Ep),
will be available in 1985. An analysis of Eg indicates that its annualized
costs will be about $5,000 1f it is replaced every six years. This new

scenario is illustrated by figure 9-1.

Question: What decision do w; make for 1984?

Approach: Identify alternative actions that might be taken, and comphre
present value costs for the period 1984-1988 under the alternative actions.
Then select the action that is estimated to result in the lowest present
value. (It is.only necessary to consider the period 1984~1988, because the
new equipment Eg will be introduced no later than 1988 and, once introduced,

it will have a replacement schedule of every six years).

. < .
Solution: Three alternative actions are identified and their present value

costs estimated, as shown in figure 9-2. ‘The third action listed, "Keep
existing equipment until 1985, then innovate,” is estimated to be the,

cost-effective decision.

References: Also see Workbook Section 14, Problem Set D, “Team Problem:
Determining Optimal Retirement of Equipment."
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Figure 9-1

CEMENT WITH UNLIKE EQUIPMENT

DETERMINING REPLA
L Scheduled Scheduled
replacement - replacement
(S) Ea Ea(4)
8,000 ¥ ¢
5,000 | Eg(6)
| f | | |

1983 1984 19|85 1986 1987 1988

Improvod
equipment is
expected to
become availablé

What decision do we make for 1984 ?




!*'

BEST COPY AVAILABLE

Figure 9-2

2

) X
SOLUTION: COMPARE PV COSTS FOR 1984-1988
‘ UNDER ALTERNATIVES

* Replace in 1984 with E, and wait until 1988 to innovate
&
e @
PV = $8,000 x 3.39 = $27,120

* Replace in 1984 with E, and innovate In 1985
»

N S & :
«"’:Pé Qf & o“'¥ & o @ o
PV = ($20,000 - ($12,000 x 0.93)] + ($2,000 x 0.93) + (35,000 x 2.62 x 0.93)
= $22,0883 N

* ¢ Keep existing equipment until 1985, then innovate

\'Q & N <& N & LY \
»."Q"' »f&# & S e R
~ PV = ($8,000 ~ (32,000 x 0.93)] + (38,000 x 0.93) + ($5,000 x 2.62 x 0.93]
= $21,003

*This is the decision that minimizes present value costs. After Eg is adopted in
1988, it would then be replaced every 8 yesrs.




Section 10

\\\\\ | Horkshgeto

This section contains six sets of worksheets for solving retrofit building

~f

problems and one set for selecting among alternative new building designs.
.They‘:ye provided as aids in organizing the data and performing the
calculaétons to solve problems presented in Sections 11 and 12. Problem 2
in Section 11 and problems 1 and 3 in Section 12 require one set of
retrofit worksheets each. Problem 2 in Sectisﬁ 12 required’ three sets of

retrofit worksheets. Problem 3 in Section 11 uses Eye get of new building

design worksheets.

<
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,R;TROFIT LCC WORKSHEETS

-

I

Building Description:

. r's
Location

‘Identiiyingrlnformation

DoE Region

FPunctional ﬁse

Building fype ( ) Residential
( ) Commercial
( ) Industrial

Pemaining Life of Building

Project Description

Expected Project Life

Length of Study Period (Not to Exceed 25 years)

y/

‘ ' ' 10"2
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BEST COPY AVAILABLE -

- -

.I!'I'RO?IT‘ LCC WOXKSHEET (Continuad)

oy
Ao Caleculatiag the Preseat Value of Energy Costs Without the Retrofit

"

P . (Dx(2)=
m ¢ (2) £ 0
) . BASE-YEAR .
ANNUAL UNITS OF ENERGY PRICZ BASE~TEZAR opu» PRESENT VALUE
¥ 2414 ELNERGY PURCHASZD PER UNIT ENERGY COSTS PACTOR OF ENERCY GOSTS
ELZCTRICITY k - 8 s
. t - BASZ
CRARGE
‘.
’ e ————— s A —————
DZMAND .
‘ ¥ CHARCE
S $ e
e OF
DAY CHARCE ..
$ . $ —————
CONTRACT
CAPACITY
CHARGE i ~
s $ ——
OTHER '
CHARGE
i COMPONUNT
o1% : )
GAS
e S
TO0TAL
B.. Calculatfag Investeat Costs for the !xiuling System. Without the Retrofit
(1) Baoe-Yenr Resale, Salvage, or Reuse Value o!l the Existing Syetea to be Replaced 8
(2) Base-Year Renovation Costs for the Zxiating Systes 1( the Retrofit m'j‘cc: is
Not Inplezented $ .
= *
C. Calculating Annually Recurricg Nonfuel Oparation and untnuuncc‘ {0sM) Costs-Without
rihe Reczofit "
(I)x(2)= ’
(1) (2) (3) ,
Jmouat of Annually Recurring U Pactor Present Valus of Annually \
Costs 1a Base Year - . Racurriog Costs \
s . : s .
~——F
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RETROPIT LCC WORKSHEZTS (Continuad) ’
——— -
D. Cslculating Nonanauslly Recurring 06M (Nonfuel) Costs, Replacemant Costs, and Salvage Value Vithout tha
Retrzofit. . .
(2)x(5)=[(3)x(5)= (4)x(3)=
(W () K& ) T R EIRE O B
YEAR IN AMOUNT OF NON~ AMOUNT OF AMOUNT OF b g FRESENT . PRESENT PRESENT
WHIR ANNUALLY ° REPLACEMUNT SALVAGE FACTORS { VALUEZ O? VALUZ oF VALYE oOF
EXPENDITURE | RECCURRING 0&M CoSTS (IN VALUZ (IN NON=- REPLACIMENT | SALVAGE
I3 EXPECTED | COSTS (IN BASE- {BASE-YEAR $)1 BASE~YEAR 3)1 N ANNUALLY YALLE
10 OCCUR TEAR $)1 RECURRING .
\ . O&M COSTS - 7
|
.
_ /
N
el n
, ]
: 3
w v .
—d '
e - )
< » (
= ‘ -
<L
> i
<
>» ]
Q. 4
=
L 3 )
o . ‘
Q TOTAL 3 .
- .
L. Calculacing TICC Without the Retrofit / y
(1) Present Value of Energy Costa : A(5) Total ’ 3
(2) vPresent Valus of Inve;:uenl. Costs : B(l) or (2) + | S
(3) Present Valus of Aanually Racurring (Nonfuml) O&M Costs ‘C(3) + 3
(4) Fresent Vaiue o/ Nonsunually Recurcing (Nonfuel) OFM Coscs? D(6) Total + |
(3) Present Valua of Replacemsat Costs : D(7) Total + S |
(6) Present Value of Salvage : D(8) Total = o
(€)) ‘
LI S

TICC Without the Retroftc: (1)+(2)+(3)+(4)+(5)—(6)
®

>
! ror 1anznph. 1t oonsanually recurring (nonfuel) 0&M costs, replacesent costs, or salvage valus occur in 1990
and you sre using 1982 ss the dese year, base~geer dollats meana stating the 1990 costs tn 1982 dollars, t.e.,

without futura {nflatton.
108
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RETROFIT LCC WORKSHEETS (Continued)

Parts ? through J Calculate T1LC with the Retrofit

Y. Cal

ting the Present Talue of PTuel Costs With the Ratrofit

TYPY

)
ANNUAL ONITS OF

ENERCY PURCHASED

.2)
BAST-YZAR
ENERGY PRICZ

PER UNIT

SR

BASE-YZAR
ENERGY COSTS

(8

FACTOR

(&) zcsslo =

PRESENT VALUE
OF INERGY COSTS

ZLECTRICITY

s——-“

L N S

,__—_-

OIL

TOTAL

"Ce Calculating Investaent Costa with the Retrofir

(1) Ystimated Actual Inveatwent Coste for the Retrofit Project

(2) Investnent Cost Adjustment Yactor

(3) Adjusted Investuent Costs for the Retrofit Project

(L)x ()

(A) Base~Year Renovation Costs for the Extsting Systea if the

Retrofit Project is Implemented

(3) To-al Adjueted Present Valus Iavestaeat Coats Attributsdle
" to the Retrofit Project 4)

BEST COPY AVAILABLE

|1

10-5
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RETROPIT LCC WORKSHEETS {Continuad)

H. Celculating Annually Recusring (Nonfuel) Oparstion and M.’atsnsnce (0tH) Costs With tha Ratrofit

Anouat of Annually Recurriag

(1)

Costs {n Base Yaar

I. Caleulsting Nonanaually Recurring (Noafual) ¢'M Coats,

(2)
UPY Yactor

I 2)=
().(xJ;)

Present Velue of Annually
Racurring Costs

Replaceneat Coats, and Salvege Value With the

Retrofic
: = 4 X(S)-
(1) (2) (3) (4) s | CoOX| B5)- | )y
TZAR IN AMOUNT OF NOMN- AMOUNT OF AMOUNT OP spi’ PRESYNT PRESENT PRISENT
YHICR ANNUALLY REPLACEMENT SALYAGE FACTORS | VALLZ OF VALLE OF VALUE oOrF
EXPENDITURE PECURRING O&M CosTS (1IN VALUZ (IN NON=- REPLACYMENT { SALYAGZ
IS EXPECTED | COSTS (IN SASE- | BASE~YEAR $)! | masc-wzar §)!l ANNTIALLY VALCE
T0 OCCUR TEAR $)1 RECTRRING
OkM COSTS
S~
TUAL
J. Calculazing TLCC With the Ratrofit Project
(1) Preseat Velue of Zoergy Coete F(S) Total
(2) ?resent Valuw of Adjusted Investoeat Coets: G(5) +
(1) Present Value of Anaually Resurring (Nonfual) 0sM Costs H(3) + —_—
\
(4) Prement Value of Nonannually Recurriog (Nonfual) 06M Coaty . 1(6) Total +
(5) Present Value of Replacewent Costa 3 I(7) Total + ——
(6) Present Value of Salvage : 1(8) Total -
(7) TLCC Witk che Retroftt Profect: (L)+(2)+(3)4(4)+(5)~(6)

L cee tootnota onPart D o explanatton.

10-6 110
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rETROPIT LCC WORKSKEELTS (Continuad)

X. Net Saviuga ot Excesd Cont of the Ratrofitc Projact

(1) TLCC without the Retrofit 3 E(7) s __
’ (2) TLCC with the Retxofit : J(D - s ___
(3) Net Savings (+) or net losses (-) . (1)-(2) (¢ S
N\L. SIR Calculatiun
(1) SIR Yumeratorx
(a) Energy Cost Saviogs fron the Retrofit ¢ E(1)-J(1) $
(b) Change iu Nonfusl OLM Costs: [J(3)+(6)]-[£(3)+(4)] - .
(c) SIR Nunerator : (a)-(b) - s
: A
(2) SIR Deoonlsator ,
(a) Adjusted Differeatial Investoent cost : J(2)-E(2) | J
(b) Change io Replacenest Costs ; J(5)-E(5) +
(¢) Change fu Salvage Value J(6)-E(6) - $ ]
(d) SIR Denoninator (é)-’r(b)-(c) - t ] —
| (1) SIR for Ranking the Retrofit Proj!cc s (1) (c)=(2)(d)
_\\
AN

BEST COPY AVAILABLE

10-71 1 1




RETROFIT LCC WORKSHEETS

Identifying Informatigg

Building Description:

Location

DoE Region

Functional Use

Building type ( ) Residential
( ) Commercial
( ) Industrial

Pewaining Life of Building

Project Description

Expected Project Life

Length of Study Period (Not to Exceed 25 years)

112
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.. RETROPIT LCC WORKSHELT {Continued)

A. Caleulating tha Present Value of EZnargy Costs Without the Retrofit

TP

)

ANNUAL UNITS OF
EZNERCY PURCHASED

(2)
BASZ-YEAR
ENEZRGY PRICE
PER UNIT

(1)2‘3()2)?

BASE- TZAR
ENERGY COSTS

(4)

FACTOR

-

PRESENT VALUE
or ENERGY COSTS

LLECTRICTTY

S

TOTAL

B. Calculating Investment Costs for the Ex.sting System Without the Retzofit

(1) Base-Yuar Xessle, Salvage, or feuse Value of the Pxisting Systex to da Replaced $

]
(2) Base-Year Renovation Coats for the Existing System if the Reirofit Project e

Not laplemented .
€. Calculating Annually Recurriog Koafuel Operation and Najatensace (041) Coscs Without

tha Recrofit

’ UTx(d)=
(1) (2) 3)
Amouac of Annuslly Recurring U Pactor Frasent Value of Aancually
Costa in Basa Year Recurring Conts
3 $

BEST COPY AVAILABLE
' 10-9113

e




RETROPIT LLC WORKSHEXTS (Coactinued)

D, Calculsting Nonsnnually Recurring 0&M (Nonfusl) Cosce, Replacswment Costs, and 3alvege Yalue Without ths

Ratrofic.
(2)x(5)=](3)x(5)= {(4)x(5)=
(1) (2) (3 ) (s) 1503)= %545 (&)
YRAR IN AMOUNT OF NOR- AMOUNT oOF AMOUNT OP SPW YESENT PRESENT PRESENT
WHICH ANNUALLY REPLACEMENT SALVACE FACTORS TALUZ OF VALLZE CF VALJE COF
EXPENDITIRE RECCURRING ObYM COSTS (IN VALLZ (IN NON= REPLACEMENT | SALVAGE
18 EXPECTED | COSTS (IN BASE~ BASE-YZAR 5)1 BASE~YEZAR S)l ANNUALLY YA
10 OCCCR YEAR $)! RECTRRINC
Ok¥ COSTS
¥
. -
\
-
k]
TUTAL
¥, Calzuleting TICC Yithout the Retrofit
(1) Present Value of Energy Costs ; A(S) Total $
(2) Present Valua of Investaent Costs : B(1l) or (2) + s
{3) Pressnt Veluw qf Annuslly Recurring (Nonfuel) O4M Costs & c(3) + L
(4) Present Vilue of Nonsunually Recurring (Monfuel) 0sH Costs: D(6) Total + [ ]
(3) Preseat Velus of Replacement Costs : D(7) Total + 3
(6) Present Valus of Salvage : D(8) Total -
(7) TLCC Without che Retroftt:  (1)-+(2)+(3)+(4)+(5)-(6) -

BEST COPY AVAILABLE

1 Zor exanpla, 1f nonennuslly recurring (nonfuel) O&M costs, teplacement coats, or sslvags velus occur {n 1990

and you are using 1962 28 the base year, base-ynar dollers nasna’ stating the 1990 costs tn 1982 dollars, 1.s.,
without future {nflatfon, -

s .
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RETROFIT LCC WORKSHELTS (Continued)

ares ¥ through J Calculate TICC with the Retrofit

7. Calculating the Present Vslue of Tue

1 Costs With the Retrofit

TYPS

(1)

ANNUAL ONITS OF
ENERCY PURCHASED

()
BASZ-YZAR
CNERGY PRICE
PER UNIT

h 4
Sros

BASE-TEZAR
ENTRCY COSTS

)

FACTOR

RERN

PRESENT VALUEZ
. OF INERGY COSTS

ZLECTRICTTY

BASE
CRARGE

3 .
’#

’—_——

OIL

GAS

CTHER

P

TOTAL

—

C. Cailcula:ing Investment Costs vith the Retrofit

()
(2)
(3)
(4)

¢))

*

Zstiasted Actunl Iavesctumeat Costs for the Retrcfit Project

Investnent Cost Adjustaent Fector

Adjusted Iavestoent Coats for the Ratrofit Project : (1)x(2)
Busa-Year Renovstion Coats for the Zxisting Systea 1£f the
Ratvofir Project is Implemented

Total Adjusted Present Value lavestaent Coets Atezibutsble
to the Retrofit froject: (2)+(4)

BEST COPY AVAILABLE

|1

10-11 115
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RZTROPIT LCC WORKSHEETS (Continued)

BEST COPY AVAILABLE

H. Calculating Aanually Recurring (Nonfuul) Opsration ard Matntenance (C&M) Costs With tha Retrofic

(1)
Amount of Aznually Recurring

Costs in Base Year

I. Calculating Nonannuauy‘cu

-

(2)
UMW Pactor

Pressn Valua of Annually
Rec_.tirg Coscs

-

rring (Nonfual) O&M Costw, Replacesent Costs, and Salvaze Value Wich thae
Ratrofit
2% (5 y = 1 (4)x(5)=
(1) (2) )] (4) 9 | o5 Gy )
TZAR IN AMOUNT OF NON- AMOONT OF AMOUNT OF SpPd° PUSZNT PRESENT PRESENT
WHICR ANNUALLY N REPLACEMYNT SALYVAGE PACTORS | VALCE 07 TALLL O VALUZ or
EXPENDITURE RECURRING O&M CoSTS (1IN VALCE (IN NON- REPLACIMENT | SALVACZ
IS EXPECTZD | COSTS (IN SASE- | sasz-vzar )l | mase-vaun syl ANNTALLY VALCZ
TO OCCUX eAr $)! RYCTRRING
- ObX COSTS
.
- ”~
1 -
= A
107, -
J. Calculacing TILCC With the Recvrofit Pcoject
(1) Prenent Value of Znergy Cosie ! F(f)) Total
(2) >revent Value of Adjusted Investmsnt Costs: c(5) +
(1) Preaent 7alue of Annually Recurring (lNonfuel) C&M Costa : H(}) +
(4) Present Value of Nonannually Recurtring (Noafuel) 0aM Costs - 1(6) Total +
(3) Present Value of Replacsaenc Costs 3 I(7) Total + e
(6) Prosent Yelua of Salvage : I1(8) Total -
(7) TWCC With tha Retrofit Project : (1)+(2)+(3)+(4)+(5)~(6) -

! See tootnats onPart D o explanation,

10-12
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RETROPIT LCC WORKSHZETS (Continuad)

K. Ut Savings or Zxceas Cost of the Retrofit Project

(1) TLCC without the Retrofit : E(7)

~(2) TLCC wicth the Recvofic ¢ J(7) - $

L.

A(S) Net Savings (+) ot net losses (-) . (1)-(2) (¥ S

SIR Calculation

(1) SIR Nunerator

(s) taergy Cost Savings froa the Reczofit : E(1)-J(1) .
(b) Chsnge i Noafuel O6M Costs: [J(3)+(4) 1-[E(3)+(4)] -
(c) SIR Nunerptor @ (a)-(b) - s ____

(2) SIR Denonlnator

(a) Adjusted Differestisl Investoent Jost : J(2)-E(2) $
(b) Change in Replaceaeat c&.:- : J(5)-E(5) + . N
(¢) Change ia Salvage v.iue . J(6)-E(6) " R s ___
(d) SIR Denoatnator : (a)+(b)~(c) - 3

(3) SI® for Ranking the Retrofit Project : (1) (c)=(2)(d)

BEST COPY AVAILABLE

10-13 11 7




RETROFIT LCC WORKSHEETS

Identifying Infarmation
Building Description:

Location

DoE Region

Functional Use

Building type ( ) Residential
( ) Commercial
( ) Industrial S - -

Remaining Life of Building

Project Description

Expected Project Life

Length of Study Period (Not to Exceed 25 years)

118
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RETRO?IT LCC WORKSHEET (Coutinued)

-

A. Calculating the Pressnt Value of Energy Costs u:ué;.: the Retrofit

= %)=
o .. @ ELD G (&)

V) (€))
"] BASE-TEAR .
ANNUAL UNITS OF ENERGY PRICZ BASE-YEZAR P PRESENT VALTZ
TIPE ENERGY PURCRASED PER WINIT ENZRCT COSTS PACTOR OF ENERGY COSTS

ELECTRICITY , s _ _ $
BASE

DEIMAND
CHARGE

DAY CHARGE

CONTRACT
CAPACITY
CRARGE .

s ’
CRARCE
COMPONENT

oI1%

- =7

TOTAL

B. Calculaiing lovastaent Costs for the Exlsting Systew Without the Retrofit

(1) Bsse-Yuur Yasale, Salvage, or Reuse Value of the Ixisting Systea to ba Replaced s

(2) Bsse~Year Renovatioa Costs for the Existing Systsm 1if the Ratrofit Ptoj.oe: is
Not Inplezented s

C. Calculatiag Asaually hcnr;!.n; Nonfuel Operation end Mafntensace (0&M) Costs Witheut
tha letrofit *
(L)x(Z)=
(1) (2) : (3)
Anouat of Annaally Recurring UMW Yactor Present Value of Annuvally

Costs 1ia Buse Ysar Recurrin; Costs

3 — ’

~ BEST COPY AVAILABLE

‘1015 119

s e
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RETROPIT LCC WORKSHEETS (Coattnued) _ ‘ -

D. Calculating lonannually Recurring O&M (Nonfusl) Coste, Replacement Costs, and Salveza Valus Without tha

Ratrofic.
(22x(5)= (3)x(5)= [(4)x(3)=
' (1) (2) (3) ) () & h 3]
TZAR TN AMOUNT OF NON- AMOUNT OF AMOUNT OF Sw PRESENT PRESENT PRESZYT
WVRICR ANNUALLY REPLACTENT SALSACE PACTORS | vaLuz oF TALLZ CF VALIZ OF
EXPENDITURE | PECCUPRING OSM COSTS" (IN VALUZ (IN NON- REPLACEMENT | SALFAGE
13 EXPYCTED | COSTS (IN masz- |BasE-vEAR $)! | pasz-yveaR ! ANNUALLY , . VALUZ
TO OCCOUR YEAR §)1 A RECURRING | * :
. ObM COSTS
.I
. {
TOTAL

E. Caiculating TICC Without the Raczrofit

(1) Present Valus of Ensrgy Costs : A(5) Total

: )
(2) Present Value of Investzent Costn : B(1) or (2) + | .
(3) Pressnc Talus of Anaually Recurring (Nonfual) OM Coacs : c(3) + 8 ____
(8) Preseat Valus of Noaeunually Recurring (Noofuel) OSM Costs: D(6) Total' -+ —_
(3) Present Value of Replacerwat Costs : D(7) Total + 3 ,_____
€6) Preaent Value of Salvage : D(8) Total | - S
(7) TLCC Without the Retroffe: (1)+(2)+(3)+(4)+(5)_(6) IR

BEST COPY AVAILABLE S

lpor axaaple, {f nonennually recurring (nodfuel) 05N costs, replacemenc coats, or sslvags valus occur tn 1990
ond you ara uesing 1982 as the base year, base-year dollacrs asans atacing the 1990 costs fa 1982 dollats, f.s.,

withont futura {nflatfon.
10-16 1 2 O
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REZTAOFIT LCC WORKSHEETS (Continued)

pacta ¥ through J Cslculate TLCC with the Retoofit

7. Calculating the Prasent Value of YPuel Costs With the Retrofit

(12)((2)'-‘ (3)xs4)=
Q1) (2) » . (s) (3
BASZ-YRAR
ANNUAL UNTTS OF ENZRGY PRICE BASZ-YZAR 1] o b PRESENT VALUE
™S ENERCY PORCRASED PER UNIT ENZRGY COSTS YACTOR OF ENERGY COSTS
ZLZCTRICITY $ — B
BASEZ
CHARGE
’ e am—— ’ T ———
DEMAND
CRARCE
, '} _—‘————
TDE & '
DAY CHARGE: .
s ] .
CONTRACT
CAPACTTY
CRARCE
..—— s _#
OTHER
CaARCY
coMroNENT
o1iL
GAS
orex
TOTAL
C. Calculstiog Iavestnent Costs with the Retzofir
(1) 2Zscimatad Actusl Investment Costs for the Retrofit Project
(2) Invastment Cost Adjustment Fsctor ' x
(3) Adjusted Invastneot Costs for che Ratrofit Project : (l)x(?.) ™
(A) DBase-Year Renovstiou Coets for the Existing Systea if the ]
Retrofit Project is Implemented ‘
(3) Total Adjusted Prasent Valus [avestaent Costs Attribdutabdle
" to the Retrofit Project? 2)+(4) -

BEST COPY AVAILABLE

- 10;'17 121 l u




RYTROPIT 1CC WORKSHEETS (Coutinued)

P 1

K. Caleulating Annually Racuzring (Nonfuel) Opsratfca arnd Maincenance (OLM) Cosca With the Retrofit

L)x(2)=
(1 (2) (&}]
Anount of Annually Recursiag TEW Pactor . Prasent Value of Annually
Costas in Rase Yeac ' Recurring Costs

// $ ——— s
L. Calculating Nonanoually Recurring (Nonfual) O&M Coaty, Replacessnt Costs, and Salvage Value With the
Ratrofit ) r
B 2)= (5 3)<(5)= | (4)%(5)=
() (2) M (4) s | QoG¥] Gyx(5)= | B3
YEAR IN AMOUNT OF MOl- AMOUNT OF AMOUNT 02 spd- | emzsaNr PRESENT PRZSENT
wHICH . ANNUALLY REPLACEMENT SALVAGZ 7ACTO?S | vALCE 07 |. VALUE oF VALUZ oF
EXPENDITURE | RECURRING O&M . COSTS (IN VALUZ (IN NON~- REPLACZMENT | SALVACZ
IS EXPECTZD | COSTS (IN BASE-  BASZ~ZAR $)! | sasz-trzaz §)i ANNUALLY VALUZ
TO occo? YZAR $)1 , . | recoranic
, 034 COSTS
[ ]
o
- _
o™ e '
. \‘J
- \ \
TATAL

J. Calculacfng TICC With the RetTofit Project

(1) Present Value of tt;arzy Coetn ¢ F(S) Total

Y ‘

(2} iresent Value of Adjusted Investmeat Coscs: G (5) + —
(}) Preuent Value of Aanually Kecurriag (Noafuel) 0 Costs ; H(3) + —
~ (4) Present Value of Nouaanually Recurting (Noafuel) 0k Costs: I(6) Total + —
(5) Fresent Value of Replacement Costs 3 1(7) Total | + —
(6) Present Value of Salvage : 1(8) Total | - R
(1) TLSC With the Retrofit Project (1L)+(2)+(3)+(4)+(5) - (6 , - —ie

‘ K {

]

| 524 footnota n PACt D for axplenscton, BEST COPY AVAILABLE
10-1t92. § | '
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YZIROPIT LCC WORKSHEWTS (Continued)

»

K. lst Saviogs Jt !ncen‘tou of the Retrolfit Projact
' .

(1) TLCC vichcus the Retrofit E(7) . ‘ $
(2) TLCC with the Retrofic « J(D 8 - $
™ (3) tet Savings (+) or nec lceses (-) . (1)_(2) ‘ - (+) ‘s

L. SIR Calculacion

(1) SIR Nunerastor

(a) FZoerzy Cosc Saviogs froa the Retrofit & E(1)-J{lL) $

(d) Change in Nonfuel O0&d Costs. [J(3)+(4)]I-[E(3)+(4)] . - s
(c) SIR Musesator : (a)-(b) ~ - )

(2) SF% Davoninster

(a) Adjusted Differeacisl Investment Cost ; J(2)-E(2) ’ - s

(b) Change 1o Replaceneat Costs ; J(5)-E(5) . + $ \
(c) Changy ta Salvege Value : J(6)-E(6) ‘ R . . - )

(4) SIR Denoatnator ¢ (a)+(b)-(c) | ' - s

¢3) SIP. for Ranking the Retrofit Project : 1) ()=(2) (d)

<>

’
B

BEST COPY AVAILABLE

10-19 | 12 3
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RETROFIT LCC WORKSHEETS

.

Identifying Information

Building Description:

Location

DoE Reglon

7

Functional Use

.Building type ( ) Residential
( ) Comumercial
( ) Industrial

Pemaining Life of Building _

Project Description

ﬁxpected Project Life

L;ngth of Study Period (Not to Exceed 25 years)

¢

‘ 124
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RZTROPIT LCC WORKSHEET (Continued)

A. Calculatiog tha Preeent Valus of Energy Coets Without the Retrofit

TYPE

4}

ANNUAL ONITS OY
EZNTRGY PURCRASED

(2)
BASZ-YEAR
ENEXCY PRICE
PER UNIT

s

BASE-TEAR
ENERGY COSTS

(4)

FACTOR

SHON

PRESENT VALUZ
Or ENERGY COSTS

LLLCTRICITY

BASEZ
CHARGE

DEMAND
~CHARCE

ToE oF
DAY CWARCE

CONTRACT
CAPACITY
CHARGE

. s, '
oTnaER
r. CHARGZ

CCMPONENT

TOTAL

~—

iy

B. Calculstiag lovestaent Costs for the Exfsting Syetem Without the Patrofit

(1) Base~Year Resale, Salvege, or Reuse Velue of the Existing Systea to ba Replaced $
(2) Basse~Year Renovation Costs for the Existing Syetem if the Recrafit Project is
Not Inplecented $

C. Calculating Annually Recurring Nonfuel Operatzon and Malatansoce (O6M) Costa Without
the Retrofic

(1)x(z)=
) (2) (3)
Amount of Annuelly Recurcing UM Pactor Pressnt Valus of Asnually
Costs in Base Yeer Recurciog Costs
3 — $

BEST COPY AVAILABLE

10-21
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RETROTIT LCC WORKSHEETY (Continuad)

D. Calculating Nensnnually Recurring 06 (Nonfuel) Costs, Replacement Coste, and Salvaye Velus Vithout the

Ratrolit.
: 2)x(5)=[(3)x(5)= [(4)x(5)=
(1 () (3 (4 o |FHEP] Gl B
YEAR IN AMOUNT OF NON- AMOUNT OF AMOUNT OP S FRESENT PRESENT PRESENT
WRICH ANNUALLY REPLACDMENT SALVYACE YACTORS | vALUTZ OF VALUE OF VALYUZ OF
EXPENDITURZ | RECCURRING OdM cosrs (N vALUE (IN NON=- REPLACTMENT | SALVAGE
1S EXPECTED | COSTS (IN RASE~ |BASE~YZAR ’)l BASE-YZAR 3)1 ANNTALLY TALUE .
T0 OCCOR YEAR §)1 RZCURRING
O&tM COSTS
ToTAL
!; Calculating TICC Wichout the Recrofit
(1) Present Valus of Energy Costs ; A(S5) Total ] .
. (2) Trasent Valua of lavestament Costs 1 B(1l) or (2) + $
. (3) Present Value of Anoually Recurzing (Nonfuel) OM Coaes: ((3) + $ .
(A) Presenc Value of Nonaanually Recurring (Nonfuel) OsM Coste: D(6) Total + |
~ (3) Present Value of Replacenwnt Costs ; D(7) Total + s
(6) Present Value of Selvage : D(8) Total - »
(7) TLCC Without che Ratrofic:  (1)+(2)+(3)+(4)+(5)-(6) -y

BEST COPY AVAILABLE

10-22 yd

! yor exanpls, {f nonannuslly recyrring (nonfuel) OAM coats, replacement toets, or ealvage value occur in 1990

and you are ueing 1982 as the base year, base~year dolleace mesns scatiog the 1990 coats tn 1982 dollare, L.a.,
without future fnfletion.



ALTROYIT LCC WORKSHEETS (Concinued)

Parts P through J Calculate TLCC vith the Retrofit

7. Calculating the Present 7alue cf Yuel Costs With the Retrofit

(Dx(2)= (3)x(4)=
(1) (2) 23) (4) g
BASTY-YZAR b
ANNUAL DNTTS OF ENEZRCY PRICE BASE=YEAR Trus PRESENT VALUYZ
L ENEZSCY PURCHASED PIR UNIT ENZRGY COSTS FACTOR OF INERCY COSTS
ELECTRICITY : S __ , s _ _  _
BASE .
CRARGE
o
CRARCE
‘ . —————
he of
DAY CHARGE
‘ ‘ S E——
CONTRACT
‘CAPACITY
CRARCK
. v+ + .
CIARCT
COroNTINY
oIL '
GAS
OTHFR ____
TOTAL
C. Calcuiatiog Investaent Coste with the Retrofit
i (1) Zatiwated Actual Inveatment Costa for the Retrofit Project «
(1) Izvestasnt Cast Adjustment Zactor =
(3) Adjusted Investment Costs for the Retrofit Project @ (l)x(?.) -
(A) Base-Year Renovation Costs for the Existiang System 1f the +

Rertofit Project is Implezanted

(3) Total Adjusted Present Valug Tavestasat Costs Attributable
to the Retrofit Project: 3)+(4)

BEST COPY AVAILABLE

10-23 i
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RETROYIT LCC WORKSHERTS (Continued)

M., Calculacing Annually Recurring<{Nonfuel) Operation and Maintensncs (OLM) Costs With ths Ratrofit

(1)x(2)=
(1) (2) (@]
Acount of Aanually Recurriog : UPW Yactor Preseat Yalue of Annually
Coats i Base Year Recurring Coats

I. Calculstiog Noosnaually Recurring (Noufuel) OH Costs, Replaceaent Costs, aod Salvage Value With tha

Retrofit
2 «(5)= | (4)%x(5)=
Q) (2) (3 ) sy | U5 OR| Gix(5)= | gy
TLAR IN AMOUNT OF NON- AMOUNT OF AMOUNT oOF sPa° | PRsszNT PRESENT PRZSEZNT
WHICR ANNUALLY REPLACDMENT SALVAGE FACTORS | VALTEZ O? TALLZ OF VALUE 07
EXPENDITURE | RECURRING O&M costs (1 VALUZ (IN NON- IEPLACTMENT | SALVACEZ |
IS EXPECTYD | COSTS (IN SASE- | mase-vzar $)! | masz-wzar $)) ANYIALLY VALUE
10 OCCOR Zar $)1 RECURRING
: 0¥ COSTS
- —
TOTAL

J. Cslculatiog TLCC With the Retrofit Project

(1) Prceent Value of Zoergy Costs : F(S) Total

(2) Present Value of Adjusted Inveataent Coats: G(S)

+
(3) Present value of Anaually Recurring (Nonfuel) 0SM Costs ; H(3) + ——
(4) Present 7alue of Nonaanually Recurring (Noufuel) O4H Costs : L(6) Total + —_—
(3) Present Valus of Replacement Costs? I(7) Total + —
(6) Present Value of Salvage ;: I(8) Total - —_—
(7) TICC With the Retrofte Project: (1)+(2)+(3)+(4)+(5)-(6) - —

! See footnote on PArt D ¢or explanatton. BEST COPY AVA“.ABLE
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SETRGAIT 1.CC WOIKSHEETS (Continued)

X. Ulet Savings or Zxcess Cost of the Retrofit Project

(&)}

(1) TLSC without the Retrofit : E(7) s ___
(2) TLCC with the Retrofit ; J(7) |
(3) Net Savings (+) or nat lasses (-) . (1)_(2) (ﬂ S __
L. SIR Calculation
(1) SIR Nunerator
(a) EZoergy Cosc Savings froa the Retrofit : E(1)-J(1) .
(b) Chanze in Nonfuel 0&M Costs. [J(3)+(4)]-[E(3)+(4)] S
(c) SIR Muserator : (a)-(b) s _____
(2) SIR Deaoninator
(a) Adjusted Differeatisl Investment Cost : J(2)-E(2)
(d) Change h‘lcyhuocnc costs : J(5)-E(5) | S
(¢) Change fa Salvage ?ai.uc . J(6)--E(6) . ' s __
(d) SIR Denostnator : (2)+(b)-(c) s ___

SIR for Ranking the Ratrofiz Project : (1) (c)=(2) ()

BEST COPY AVAILABLE
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RETROFIT LCC WORKSHEETS

Identifying Information

Building Description:

Locztion

DoE Region

Functional Use

Building type ( ) Residential
- ( ) Commercial
( ) Industrial

Pemaining Life of Building

Project Description

Expected Project Life

Length of Study Period (Not to Exceed 25 years)

130
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RETROYIT LCC WORKSHELT (Continued)

A. Calculating the Present Value of Eaergy Coete Without the Retrofit

TP

(1)

ANNUAL ONITS OF
EZNERCY PURCHASED

(2)
BASE-YEAR
ENERGY PRICE
PER UNIT

(1)61)2)-

BASZ-YEZAR
ENERCY COSTS

1))

PACTOR

PRESENT VALUL
QF ZNERCY COSTS

LLECTRICITY . $

J— | S

BASE
CHARGE

DEMAND
CHARGE

DAY CHANCE

CONTRACT
CAPACITY
CRARGE

s
OTHER
CHARGE
COMPONENT

TOTAL

3. Calculatiag laveataent Coate for the Existing Syetam Without the Retrofit

(1) Bsae-Year Resals, Silvage, or Reuse Value of the Exiscing Syeten to r Replaced $
(2) 3sec-Year Renovation Costs for the Exieting System if che Retrofic Proj.oct ie
Not Implezented $

€. Calculatiag Annually Recurring Nonfuel Operation sod Maintensuce (0&M) Coets Without
the Retrofit

(I)x{Z)=
A

(&)}
Present Valus of Annually
Recurring Costs

(1) (2)
Anouct of Annuaelly Recurring : UM Yactor
Coets ia Base Year

BEST COPY AVAILABLE
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RLTROPIT LLC VORKSHEXTS (Coantinued)

-

D. Calculeting Nonanaually Recurring OkM (Nonfuel) Costs, Replacement Costs, sund Salvage Valua Vithout the
Ratrofic,
2)x(S)= ~ q4)x =
( () (3 ) R AR i K TR (R FASY
YEAR IN AMOUNT OF WON- AMOUNT 07 AMOUNT OF s PRESENT PRESENT PRESENT
VRICK ANNUALLY REPLACIMENT SALVAGE PACTORS | VALUZ OF VALLE oF VALUE oF
EXPENDITURE RECCURRING O4M costs (IN VALUZ (IN NON~- REPLACIMENT | SALVACE
IS EXPECTZD | COSTS (IN BASE~ |BASE-YEAR $)1 | masz-vean $)! ANNUALLY VALLUE
10 OCCIR ZAR §)1 ‘ RECORRING
ObM COSTS
TOTAL
I. Calculeting TLCC Without the Retrofit
(1) Present Valua of Ececgy. Coste ; A(5) Total s
(2) Presenc Value of Investwent Costs i B(1l) or (2) + s
(1) Present Value of Annually ‘lcéurrlng (Nonfuel) O&M Cosce : c(3) + L
(4) Present Value of Nonannually locﬁ:rinl (Nonfuel) OtM Costa: .D(ﬁ) Total + S
(3) Present Value of Replacensnt Costs : D(7) Total + s
(6) Present Value of Salvege : D(8) Total - o
(7) TICC Without che Retrofie:  (1)+(2)-+(3)+(4)+(5)-(6) - 3

BEST COPY AVAILABLE

! ror exssple, {f monsnnually recurring (nonfuel) O costs, tepiscenent costs, or salvege valus oceur in 1990
snd you are using 1982 ae the base yesr, dese-yasr dollaze nesns steting the 1990 coste tn 1982 dollars, f.a.,

without future tnflation. 10-28
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RLTROYIT LCC WORXSHELIS (Continued)

Pacrta ? through J Calculate TICC with the Retrofit

7. Calculating the Present 7alua of Tuel Costs Vith the Retrofit

‘ (l?x(2)= (3)x§5)-
183 (2) 3 (4) ¢
BAST-TZAR '
ANNUAL ONITS OF ENZRGT PRICE BASZ-YZAR P PRESENT VALUE
13 43 ‘ ENERCY PURCHASED PER UNIT ENZRGY COSTS FACTOR Or ENZRGY COSTS
. BASZ
CRARGZ
,——
DEMAND
‘ CHARCE .
e or
DAY CHARCE
. I S—
CONTRACT ’
CAPACITY
CRARCE.
’ P —————— ’ T —
OTHER
CEARCE
COPONIRT
OIL
GAS
oTHZR
TOTAL
C. Calcleting Investaent Costs with the Ratrofit
(1) Zstimatad Actial Iavestaent Coste for the Retrofit Project eoeom—
(2) Investaent Cost Adjustment Factor = ______
(3) Adjusted Investnent Coste for the Retrofit Project : (l)x(?.) : - e
(A) Base-Year Renavetion Costs for the Existing Systen 1f the +»
Retrofit Project is Implezenced :
(3) Total Adjusted Present Valus Iavestaent Costs Attributeble
to the Retrofit froject : (3)+ 4) I "

BEST COPY AVAILABLE

10-29 13 3
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RUTROPIT LCC WORKSHEIETS (Continued)

o
e

v, Csleulating Annually Recurting (Non!uol).Onntiou and Matatenance (ObM) Costs With the Retrofit

. x(2)=
(1) ' (2) (3)
Amount of Annually Recurriag UMW Tactor Preseat Yalue of Annually
' Costs in Baee Year o Recurring Coets

1. Calculating Nonsunually Racurring (Nonfuel) OM Costs, Replacement Costs, and Salvege Value Witn tna

Ratrofit .
2 5)= | G1g(5)=
( (2) (3) (4) sy | (25057 (3R(5) &%
YZAR IN AMOUNT OF NON= , AMOUNT OF AMOUNT OF M FRESINT PRESENT rzsINT
WHICH ANNUALLY REPLACDMENT SALVACE FACTORS | vALZE oOF TALUE OF VALUX OF
EXPENDITURE | RECURRING O&M CosTS (1IN VALZTE (IN NON- REPLACEMENT | SALVAGZ
1s EXPZCTYD | COSTS (IN TA“' BASE- (ZAR $)L | masz-vmar $)t ANNUALLY VALUZ
T0 OCCOR YEAR $) RECTRRING
OLM COSTS
)
v
..,
TJTAL

J. Calculaticg TICC Vith the Retrofit Project

(1) Preeeat Valus of Zaergy Coste: F(5) Total

(2) ‘Present Value of Adjusted Investaent costs: G (5) + e
(3) Preseac Value of Angually Recurring (Noofuel) OsM Costs ; H(3) + N
" (A) Peseat Value of Nonanauslly Recurriag (Nonfuel) OGM Costs. L(6) Total + —
(3) Prosent VYelue of Replacement Costs 3 I(7) Total + ——
(6) Present Value of Salvege : . I(8) Total . —
(7) TLCC Vich che Recrofte Project: - (1)+(2)+(3)+(4)+(5)~-(6) i —

134 :

« I se « enPact D  10-30 BEST COPY AVAILABLE
EMC See footnota on toc explanation
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KETROPIT LCC WORKSHIETS (Continued)

X. Ust Savings or Excess Cost of the Retrofit Projact

(1) TICC without the Recrotit : E(7)
(2) TLCC wich the Retrofic : J(7)

(3) WNet Savings (+) or net losses ) (1)_(2)

L. S Calculatfon

(1) SIR Numecator
(a) Eoergy Cost Savings froa the Retrofit ¢ E(1)-J(1)

h | : (b) Change in Noufuel, 08X Costsy [J(3)+(4)]1-[E(3)+(4)]
(c) STR Wuserator : {a)-(b)
(2) SIR Devoninator ‘ )
(a) Adjusted Differeatial Iovescoent Cost : J (2)-E(2)
(b) Change io l.cplncc:uns Costs J(S)-E(S?

(c) Change iu Salvage Value ; J (6)-E(6)

(d) SIR Denomtnator @ (2)+(b)-(c)

(3) SIR for Panking the Retrofic Project : (1) (c)-g(é) (d)

”

BEST COPY AVAILABLE

. ('
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RETROFIT LCC WORKSHEETS

Identifying Information

Building Description:

Y.ocation ‘ ”

DoE Region ‘ *

Functional Use

Building type ( ) Residential
( ) Commercial
( ) Industrial

Pemaining Life of’Building o \

" Project Description

di

‘ .
Expected Project Life /

Length of Study Period (Not to Exceed. 25 years)

,/’_“\




RETKOPIT LCC WORKSHEET (Coatinued)

A. Calculating the Present Value of Enargy Coste Wichout the Retrofit

(1) (2)
BASE-TEAR
[ENEZRGY PRICE
PER UNIT

(l)z‘sg)')' (4)

BASE~YEAR opue
ENERGY COSTS PACTOR

ANNUAL ONITS OF
e ENERGY PURCHASED

SRRy

PRESENT VALUZ
QF ENERCY COSTS

LLECTRICITY $

CHARZE
COMPONENT

S

TOUTAL

3. Calculatiag Iavestaeat Coats for the Exiscing Syetam Without the Retrofit .

{1) BRsase-Yuer !ouh. Salvage, or Reyse Value of the Existing Syona to be lcphcml

(2) Base-Year Renovation Coets for the Existing Syuu 84 :ha hcro!!.: Proj«.: 1i»
Not Irplecented

'

C. Calculating Annually Recurciag Noufuel Operation sod °aiatcar **
the Recrofit '
1] . N

= (0kM) Coste Without

(1) ’ : )
Aacunt of Aanually Recurcing - oW . a2
Coste iu Base Year

(1)x(<Z)=
{3

)
Present Valus of Ancually
Recurring Costs




RETROPIT LCC WORKSHELTS (Continued)

-

D. Calculating Honanaually Recurring O6M (Nonfuel) Costs, Repl

snent Costs, end Salvege Value Without the
Ratrofite E .
— < (2)x(5)=] (3)..(5)= [&)x(5)=
(1) . €2) (3) (4) (s) 26) )= )\Jf ) (8)
YEAR IN AMOUNT OF NON~— AMOUNT OF AMOUNT OF sy PRESENT PRESENT PRESENT
VYHICR ANNUALLY I.BPUCE(.',NT SALVACE YACTORS YALUZ OF VALUZ OF VALUEZ OF .
EXPENDITURE | RECCURRING O&M CosTS (1IN VALUE (IN N NON- REPLACEMENT | SALVAGE
IS EXPZCTEZD | COSTS (IN mASE~ |BASZ-YEAR $)1 | sasz-veam $)! ANNUALLY vALLZ
T0 OCCUR YEAR $)1 RECTRRING
OkM COSTS
“~
TOTAL
Z. Calculating TICC Without the Retvofirt
(1) Present Velus of Energy Coste: A(S5) Total $
(2) Present Value of Investmeat Costs : B(1l) or (2) + s
(3) Tresent Value of Annually Recurriog (Nonfuel) OM Costs: (C(3) + S
(A) Prement Velua of Nonennually Recurring (Nonfuel) 06N Costs: D(6) Total - + $
(3) Prasent Value of Replacenment Coste ;. D(7) Total . $
(6) Present Vslua of Salvape : D(B) Total - » '
(7) TLC Wichour the Ratrofic:  (1)+(2)+(3)+(4)+(5)-(6) - 8

BEST COPY AVAILABLE

l 7or exanple, {f sonannuslly racucring (nonfuel) ObM costs, teplacement coste, or sslvags value occur in 1990
sad you are using 1982 se the base yeer, bese-year dollers mesns statiog the 1990 costs in 1982 dollars, l.e.,
without futura tnflatfon. 10-34 '




BETROTIT LCC WORKSHEETS (Contiaued)

Parte ¥ through J Calculate TLCC vith the Retrofit

7. Calculating the Preeent Valua of Tuel Costs With the Retrofit

TYPY

4%

ANNUAL UNTTS OF
ENERCY PURCHASED

(2)
BAST-YEAR
LNERGY PRICE
PER UNIT

TI?:’; )=

BASE-YEAR
ENIRGY COSTS

(£))

FACTOR

SR

PRESENT VALUZ
OF INZRGY COSTS

ELECTRICITY $

CONTRACT
CAPACITY
CRARGE . .

CarONENT

oIL

——

TOTAL

C. Calculazing Investuent Caste with the Retrefit

<

(1) Zstiaated Actual Iavestwent Coste for the Retrofit Project
(1) Investment Cost Adjustment Yactor .
(3) Adjusted Iaovestment Coste for the Ro:roﬂ;t Project © (l)x(Z)

(4) Base-Year Renovation Costs for the Existing Syetam {f che
Retrofit Project is Inplemented

(3) Total Adjusted Present Valus Tavestaent Coste Attributsble
to the Retrofit Project: (2)+(4)

»

BEST COPY AVAILABLE

| T




RETIROPIT LLC WORKSHERTS (Continued)

H. Calculating Annually Recuzring (Nounfuel) Operation and Maiatanaace (0&M) Costs With the Retrofit

(L)x(2)=
(1) (2) (¢))
Anount of Annually Recurriog UM Pactor Preseat Value of Annually
Coste in Base Yaar Racurriag Coats
$ $

I. Calculatiog Nonaoaually Recurring (Nonfuel) O&M Coets, Replacement Coets, and Salvege Valua With cha

Retrofic
- 4 5
m (2) e ) o | Gd§OX| Bx(5)= | Gx(5)=
YZAR IN AHOUNT OF NON- AMOUNY OF AMODNT oF SPi° | mrseyr meseNt | mezsent
WRICR ANNUALLY reracoeNt | . satvace FACTORS | vALOE OF VALUZ OF VALUE oF
EXPENDITURE | RECURRING O&M COSTS (IN VALDZ (I NON~ REPLACIMENT | SALVAGE
1S £xeeceeo | cosrs (1N Tm- BASE~YEAR 3)! | pasz-vear )i ANNUALLY VALOE
TO OCCOR YZAR §) : RECURRING |
0%M COSTS
TOTAL ’

J, Calculacing TICC With the Retrofit Project

(1) Freseat Value of Eaergy Coate: F(5) Total
(2) Prcaeat Value of Adjusted Inveatsent Coete: G(S)

+
(3) Present Value of Aaouslly Recurcring (Noofuel) O&M Costs ¢ H(3) + —_—
(4) 2resent Value of Nomannually Recurring (Nonfuel) 0iM Coats . I(6) Total + —_—
(3) Fresent Velue of Replacemsnt Casts3 I(7) Total + —
(6) Mesent Valus of Salvege ; I(8) Total - —_—
() TLce Vteh the Recratte Projece:  (1)+(2)+(3)4+(4)+(5)~(6) e

! gee footnote onPart D (o explanation, m
" 10-3¢
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RETAOPIT ' WORKSHELTS (Continued)

K. liet Saviage or Exceso Cost of the Retrofit reaject

>

(1) TICC without the Retrofit : E(7)
(2) TLCC with the Retzofit : J(7) -

C}) WNet Savings (+) or ast losses ). (1)_(2) ' - (+)

L. SI: Calculatfon

(1) SIR Nunerator
(a) Esergy Cost Savings froa the Retrofit ¢ E(1)~-J(1)

(b) Changa in Nonfuel, wf Costs: [J(3)+(4)]1-[E(3)+(4)] -
(c) S Muoerator : (a)=-()) ' -

{2) SIR Decocdaator

(a) Adjusted Differentisl Investment Cost : J (2)~E(2)

(b) Change in Replacenent Costs : J (5)-E(5) +
(c) Change {o Salvage Value : J(6)-E(6) -
(4) SIR Denomtaater ¢ (a)+(b)-(c) ' -

(3)1: SI® for Ranking the Retrofit Project : (1) ()= (2) (1)

S

BEST COPY AVAILABLE

‘ Q 10-37
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PROJECT SELECTION

Priority Project Net
Ranking Project Cost ' . SIR Savings
14
Totals N.A.
10-38




NEW BUILDING DESICN LCC WORKSHEETS

1dentifying Information

Building Description:

Location

- DoE Reglon

Functional Use

Building type ( ) Residential
( ) Commercial
( ) Industrial

Project Description

Expected Project Life

Length of Study Period (Not to Exceed 25 years) _

143
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NEW BUILDING DESIGN LCC WORKSHEETS (Continued)

A. Calculating the Present Valus of Energy Costs

(1?x(2)= (32x(4)=
(¢} 2) » (4) 3)
- BASE-TEAR :
ANNUAL UNITS OF ENERCY PRICE BASE-YEAR | Upwe PRESENT VALUE
TYPE ENERGY PUWT 9’ SED PER ONIT ENERGY COSTS FACIOR OP ENERGCY COST
ELECTRICITY $ ]
BASE
CHARGE
s $_
DEMAND
CHARGE
$ $. e
TIME 07
DAY CHARGE .
]
$ s
CoNTRACE
CAPACITY
CRARCE ’
' ‘ L
oTHY®. .
CHARCE
coqroNENY
oL
CAS
COTHER
TOTAL . 0
3. Calculating Investment Coats for the New Building Design ‘
(1) Eetinsted Actual Investment Costs for ths New Buildiag Design ) . $
{2) Investment r st Adjustment Pactor : 3
(3) Adjusted ™ .stment Coste for the Retrofit Project: (1)x(2) -

BEST COPY AVAILABLE

10-40
144
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{Z¥ BUILDINLG DESIGN LCC WORKSHEETS (Continued)

C. Calculating Annually Recurring (Nonfuel) Operation and Haintananca (osM) Coste

Asount of Annually Recurring
Coste in Base Year

4% (2)

UPH Factor

4

D. Calculating Nonanaually Recucring (tlonfuel

————

OFOE

Presént Value of Anaually
Recurring Coste

) O4M Costs, Rsplacemant Costa, and Salvage Value

’ O xO»[(3)x(5)= (4)x(5)=
(1) (2) ) (3) (4) ¢)) (6) ¢)) (8)
YEAR IN AMOUNT OF NON- AMOUNT OF AMOUNT OF 14 PRESENT PRESENT PRESENT
WHICR ANNUALLY REPLACEMENT SALVAGE FACTORS | VALUE OF ‘I vaLuz OF VALUR OF
ZXPENDITUXR | RECURRING oM ' cosT (1M VALUE (IN NON= REPLACEMENT SALVAGR
IS EXPECTED | COSTS (IN BASE- | BASE-YEAR $)! | sasz-vear )} > | ANNUALLY . vALIS ¢
T0 OCCUR EAR $)1 - RECURRING
) ObM COSTS
TOTAL
£. Calculating the TICC
(1) Present Value Energy Custs: A(5) Total $
(2) Fressnt Value Adjusted Investaent Costs: B(3) +
(3) Present Value of Annually Recurring (Monfusl) O&M Coste © c(3) + § .
(4) Present Value of Nonannually Recurring (Nonfuel) 04 Costs; D(6) + §
(S) Present Value of Replacesant Coate : D(7) ) + §
(6) Prusant Value of Salvege : n(8) - § |
(7) =, $

TLCC of tha New Building or System Design: (1)+(2)+(3)+(4)+(5)_(6)

BEST COPY AVAILABLE

»

1 por example, if nonannually recurring (nonfuel) Ob
and you are using 1982 aa the base year, base-~year

f.0¢y

without future inflation.

10-41
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Section 11

Problem Set A

This section contains simple discounting problems and simple building and

energy conservation problems arranged in the following order:

(1) 6 Problems: Discounting and LCC Analysis Using Discount Factor
Tables

(2) Programmable Time Clock Problem

(3) New Building Design Problem

Solutions to these problems are provided at the end of the section.

146,




Problem Set A

6 Problems: Discounting and LCC Analysis Using Discount Factor Tables

[These are hypothetical examples intended only to illustrate the techniques.)

l.

2.

3.‘

4,

6.

What ip the esti ated present value today to the Federal Government of a
$10,000 cost to be incurred five years from now in conjunction with an
energy conservation project? What is the equivalent annual value?

What is the estimated present value today to the Federal Government of
a8 uniform annual cost of $1,000 (in constant dollars) that recurs over
the next 20 years? (The cost stems from a renewable energy project).

What is the equivalent annual valuve? "

What is the estimated present value today of eleetricity costs for
povering a motor in a Washingtom, D.C. Federal office building over the
next 15 years, given that today's price of electricity is 6 per kWh, and
the annual energy consumption is 8,000 kWwh? What is the equivalent
annual value? '

What is the estimated present value of a reduction of 10,000 gallons/
year in distillate fuel oil consumption for heating a Federal office
building in Boston, given that the current price per gallon is $1.30,
and the savings are expected to continue over the remaining life of
the building, estimated at 50 years? What is the equivalent annual
cost?

What is the DoE-projected average U.S. price per cubic foot of natural
gas for commercial-type use in mid~19837?

What is the total present value cost over its useful life of purchasing,

. installing, operating, maintaining, and, finally, disposing of a heat

pump for a house on a wmilitary base in Washington, D.C. given the
following assumptions:

o Initial purchase and 1ns€a11ation cost = $1,500

0 Annual maintenance cost, constant $ = 350

o Compressor replacement in year 8, constant $ = $400

o Salvage value (net of disposal costs) at end of life = $250

0 Useful life = 15 years

0 Annual electricity costs, valued at the beginning of the study
period = $800 .




Problem Set A

Programmable Time Clock Problem

(Note: This is a hypothetical example intended only to lllustrate the
technique.]

Problem Statement: An energy-conserving retrofit is being considered for the

Federal office and courthouse building in Houston, Texas (DoE Region 6). The
remaining life of the building is expected to be 20 years or more.

At present, the building has a mechanical time clock that turns building HVAC
equipment on and off. This clock runs all HVAC equipment during overtime
hours. A programmable time clock could reduce after-hours equipment usage by
turning on only needed HVAC equipment. It is estimated that the programmable
clock wéuld reduce by 80 percent the current after-hours electricity
consumption of 323,220 kih per annum,

The price of electricity to the agency is $0.0373 per kWh. The programmable
clock would last for 20 years and cost $9,000 to purchase and install. There
are no other sizable costs or salvage values assoclated with either clock.

s
B

Determine: Is the proposed time clock retrofit cost effective?




Problem Set A

‘New Building Design Problem

[Note: This is a hypothetical example intended only to illustrate the
technique.] : . .

Problem Statement: An energy-conserving huilding design is being considered
as an alternative to a conventional building design for a Pederal office
butlding in Madison, Wisconsin (DoE Region 5). The two designs are
approximately equivalent in total assignable and auxiliary spaces and in
functional performance with respect to the purpose of the building. Each has
two underground levels for parking and seven office floorg, plus a mechanical
house. Each has a floor area of app:oximatg}y 176,000 fr2 (grosq}.

The two designs differ primarily in the envelope, building configuration,
orientation, and lighting systems. The energy-conserving design is slfghtly
elongated on the east-west axis for greater exposure of tHe south side to
solar radiation. The window area of the energy-conserving design 1is 25
percent of the wall area and most of that is located on the south side; in the
conventional building, it is 40 percent. More massive.gxterior surfaces are
used and insulation is increased, reducing the wall U value from 0.16 to 0.06,
and the roof U value from 0.15 to 0.06. Horizontal window fins reduce the
summer cooling load of the energy-conserving design. The north wall of the
first floor of the energy-conserving design is earth be'med. It ig assumed
that both designs will last at least 25 years, and, for lack of a good basis
for projecting differences in their salvage values, they are both assumed to
have no salvage value remaining at the end of the 25-year study period.

Following is a listing of the major relevant costs’ for each design:

Energy-Conserving . , Conventional
Design Design
(a) Site acquisition costs: (To -~ $100,000 |

ensure adequate exposure of

south-facing windows, an

additional acquistion cost of .

$100,000 is necessary for the

energy~conserving design.

Other site costs are assumed , > ?
to be identical for both

designs, and hence are not

shown, ) ' —

“(b) Architectural and Engineering $9,780,000 " 9,130,000
Design Fees and Construction o
Costs: '

(c) Annual Energy Consumption: r
Natural Gas ' | 2,290 x 106Bcu 4,980 x logBtu
Electricity 3,866 x 10%g¢y 7,277 x 10°Btu
. ,
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New Buiiding Design PrqB}em, Continued

A
w”
- \' ‘ '
Energy-Conserving Conventional
Design Design
(d) DoE Energy Prices: |
Natural Gas g .‘ $ 3.84/1ogncu | $ 3.84/1ogn:u
Electricity 15.67/10°Btu 15.67/10"Btu
(e) Nonfuel O&M Costs: \ |
Recurring Annual Cost: $70,000 " $90,000 B
Repairs to External Surfaces ) |
Every 10 Years: - : $60,000 $100,000 _
- ' -
Which design has the lowest life-cycle cost? .
N 2
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l.

2.

3.

b,

5.

6.

'LCC = $10,954

6 Problems:| Solution

Pras
P = §7,130

$1,739

>
[

P = $10,590
$1,000

>
[

= §5,314
$583 \

>
[

= §231,010
= $19,821

> T

Mid-1983 = $0.004/£t3 (1 + .0885)2 = $0.0047/f£t3




Schedu[g_ﬁ

Y

Schodule B

——— .

§Epedule C

- p—eera

Schedule E

Schedule E

Schedule G

Schedule H
Schedule 1
Sche&ule J
Schedule K

\
Schedule L

Programmable Time Clock: Solution

Electricity: (1) 323220kWh; (2) $0.0373/kWh; (3) $12056.11;

(4) 12.92; (5) $155765; Total $155765.

(1) $155765; (2)~(6) 0; (7) $155765.

(1) 64644kWh (§23220 x 0.2 = 64644); (2) $0,0373/kWh;

(3) $2411.22; (4) 12,92; (5) $31153; Total $31153.

(1) $9000; (2) 0.9 (1 - 0.1 = 0.9); (3) $8100; (4) O;

(5) $8100.

0

0

(1) $31153; (2) $8100; (3)-(6) 0; (7) $39253.

(1) $155765; (2) $39253; (3) $116512,

(1) (a) $124612; (b) 0; (c) $124612; (2) (q) $8100; (b)-(c) 0O;

(d) $8100; (3) 15.38.
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Schedule _1_\_ -

Schedul_e_ B -

Schedule C -

Schedule D -

Schedu}_t_:_ E -

New Building Design Problewm: Solution

Electricity: (1) 3,866 x 100 Bru (7,277 x 106 Btu);
(2) $15.67/100 Bru; (3) $60,580.22 ($114,030.59); (4) 14.23;

(5) $862,057 ($1,622,655).

Gas: (1) 2,290 x 106 Bru; (4,980 x 106 Bcﬁ); (2) $3.84/106 Btu;

(3) $8,793.60 (519,123,20); (4) 18.68; (5) $164,264 ($357,221).

Totals: $1,026,321 ($1,979,876)

(1) $9,880,000 ($9,130,000); (2) 0.9; (3) $8,892,000

($8,217,000).

(1) $70,000 ($90,000); (2) 11.65; (3) $815,500 ($1,048,500).
For 10 years: (2) $60,000 ($100,000); (5) 0.51; (6) $30,600
($51,000). For 20 years: (2) $60,000 ($100,000); (5) 0.26;
(6).$15,600 ($26,000),

Totals: (6) 46,200 ($77,000)

(1) $1,026,321 ($1,979,876); (2) $3,892,000 ($8,217,000);

(3) $815,500 ($1,048,500); (4) $46,200 ($77,000); (5)-(6), 0;

(7) $10,780,021 ($11,322,376).
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Section 12
Problem Set B

This section contains more comprehensive building investment problems,

presented as follows:

(1) Water Conservation Problem
(2) Team Problem~-Planning an Energy Conservation Package

(3) Computer Room Waste Heat Recovery Problem

Solutions to these problems are provided at the end of this section.
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Problem Set B

Water Conservation Problem

[Note: This is a hypothetical example intended only to illustrate the
technique. ]

Problem Statement: A Federal office and courthouse building is part of the
Oklahoma City Federal Complex in Oklahoma City, Oklahoma. It is expected to
be continued in use indefinitely. An energy-conserving retrofit has been
proposed. ‘

Data and Assumptions: Currently, water consumption of the 8 showers and 105
faucets in the building totals 28,056 gallons per month. It is estimated
that by installing flow restricting showerheads and faucet aerators omn these
fixtures, water consumption would decrease by 30 percent. In addition|, these
devices would reduce the quantity of steam required for heating water,! since
less would be heated. It is estimated that steam consumption of the fixtures
would be lowered from 60,583 to 42,408 pounds per year, and the maximum hourly
consumption rate of 20.2 pounds per hour would be reduced to 14.2 pounds per
‘ hour. ‘ \
The local water utility charges the agency $0.65 per 1000 gallons of
consumpiion. The purchased steam (produced from natural gas) has two separate
charge components: (1) $0.0049 per pound of consumption, and (2) a monthly
charge of $0.09 per pound per hour for the maximum hourly consumption rate.
The flow restricting showerheads would cost $7.00 each, and the faucet
aerators $1.14 each. It is assumed that there are no other significant costs
or salvage values associated with these devices. Both devices are expected to
last for 5 years.

There is a limited sum of 310;000 that has been budgeted for the retrofit of
the building. Other retrofit project opportunities are as follows:

(1) A group of small projects, R, S, T, and U, costing a total of $2,000
and saving a total of $10,000 in present value dollars.

(2) Project V, having a first cost of $1,600 and a total present value
saving of $12,000.

(3) Project W, having a first cost of $10,000 and a total present value
saving of $80,000. ;

(4) Project X, having a first cost of $2,000 and a total present value
saving of $25,000.

(5) Project Y, having a first cost of $3,000 and a total present value
saving of $36,000.

(6) Project Z, having a first cost of $1,000 and a total present value
saving of $9,000.

(Note: Assume 10% adjustment factor to investment costs does not apply to
projects R-Z,)

Determine: 1Is the proposed water conservation retrofit cost effective? Do
you recommend that the water conservation project be included in
the projects funded by the $10,000 budget?
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Problem Set B

Team Problem~-Planning an Energy Conservation Package

(Note: This is a hypothetical example intended only to illustrate the
technique, }

Problem Statement: Plan an energy conservation package for military base
housing that will maximize net savings, given the following conditions and
candidate retrofit projects. The housing is located in Washington, D.C. 1Its
remaining life is expected to be 15 years. The agency has a limited budget of
$2,000 to spend on each house. ‘ :

Each house has been weatherstripped and caulked. It has R-l1l insulation in
the attic, as well as all the insulation that can be accommodated in the
floors and walls without making major structural modifications., A jacket has
been added to the domestic water heater, and thermal draperies have been added
to the windows. ‘

Each house is currently heated by an electric resistance system that is in
good condition and could reasonably be expected to last over the remaining 15
year life of the house with only negligible'maintenance and repair. The
efficiency of the system is assumed to be 100 percent. The annual space
heating load is 100 x 106Btu per house. The base now pays $16.89 peq/106Btu
($0.06 per kWh) of electricity. The annual domestic hot water load is 22 x
106Btu per house.  Hot water is currently supplied by an electric water heater
that is expected to last over the remaining 15 year life of the house with
only negligible maintenance and repair. The efficiency of the existing hot
water system is assumed to be 100 percent. :

The following options are being considered for retrofit to each house:

(A) Addition of a solar domestic water heater. The system that has been
recommended as reliable and sufficiently durable to last the 15 years
without major maintenance or repair costs $1,600, and is expected to meet
80 percent of the annual hot water load. No net salvage value is
expected,

(B) Replacement of the existing electric resistance space heating system with
a higher efficiency (1.8 COP) heat pump. The replacement of the
existing system with the heat pump will cost $1,700. No net salvage
value is expected from disposal of the existing system. The heat pump is
expected to have about the same maintenance and refair costs and life
expectancy as the existing system.

(C) Addition of attic insulation to raise the current resistance (R) level
from R-11 to R-19. The insulation will cost $300 to purchase and install
and is expected to reduce the energy consumption for space heating by 5
percent.

(D) Replacement of incandescent lighting with fluorescent lighting. The
fluorescent lighting will cost $300 to purchase and install and is
expected to reduc y 60 percent the 2000 kWh annual consumption rate of
the existing lighiing. Over the 15 year project life, the economic
effects of the longer lives of the fluorescent tubes and their
higher replacement costs are expected to be offsetting. There are
assumed to be no salvage values associated with either the incandescent
or fluorescent lighting.
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Problem Set B

Computer Room Waste Heat Recovery Problem
[Note: This is a hypothetical example intended only to illustrate the
evaluation technique.]

Problem Statement: Would you recommend the following retrofit project for a

Federal office building in Washington, D.C. (DoE Region 3)? The proposed
project is to install a heat exchanger (with necessary piping and valves) for
recovery of heaf{ from waste condenser water from a computer room chiller for
the purpose of preheating domestic hot water for the building.

Data and Assumptions:

(1) Condenser water at 959F is currently delivered from the computer room
water chiller to the cooling tower for dissipation of the thermal energy to
the atmosphere.

(2) Purchased steam at $9.00 per thousand lbs (Mlb) is currently used to heat
domestic hot water for the office building. The energy content of the sgteam
is 1.05 x 106Btu/Mlb. The supplier of the steam uses coal to generate the
steam with a plant efficiency of 65%.

(3) Domestic hot water consumption averages 1 gallon per person per day (GPD).
The building is occupied 252 days per year and daily occupancy averages 3,000
people (P). The water intake temperature averages 60°F and the supply
temperature is 120°F.

(4) Passing the 60°F domestic water supply through a heat exchanger through
which the 950F waste condenser water is routed will preheat it to 80°F.

(5) The installed cost of the heat exchanger (including all piping and
insulation and values) is estimated at between $6,000 and $7,000, depending on
potential problems that may be encountered in installation.

(6) Maintenance cost on the heat recovery eystem is estimated at $200 per
year.

(7) A replacement cost of $500 for retubing the heat exchanger is expected at
the end of 15 years.

(8) with proper maintenance and periodic replacements, the system is expected
to last at least 25 years.

Note: Annual Fnergy Consumgtipn (Mlbs. of steam) = [GPD x P x Dy/Yr x
8.34 1b/G x AT] + 1.05 x 10°Btu/Mlb, [ L

Determine:

(A) Net present value savings.

(B) SIR for ranking this project relative to other projects.
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(C) The break-even purchase and installation price of the heat exchanger.
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Schedule

Schedule
Schedule
Schedule
Schedule

Schedule F
Schedule
Schedule
échedule
Schedule .

Schedule

Schedule

Water Conservation Problem: Solution

-~ Steam from Gas: (1) 605831b; (2) $0.0049/1b; (3) $296.86
(base), $21.82 (demanQ); (4) 5.18; (5) $1538 (base), $113
(demand); Total $1651

-0

-~ (1) $218.84; (2) 4.10; (3) $897

-0

== (1) $1651; (2) 0; (3) $897; (4)-(6) 0; (7) $2548

-- (1) 424081b; (2) $0.0049/1b; (3) $207.80 (base), $15.34
(demand); (4) 5.18; (5) $1076 (base), $79 (demand); (6) $1¥55

-- (1) $175.70 [($7.00/showhd. x 8 show) + ($l.l4/aerator x 105
faucets) 4 $175.70); (2) 0.9;(3) $158; (4) 0; (5) $158

-~ (1) $153.19 [28056G/mo x 0.7 x 12mo0 x $0.65/1000G =
$153.19; (2) 4.10; (3) $628

- 0 |

-- (1) $1155; (2) $158; (3) $628; (4)-(6) 0; (7) $1941

—- (1) $2548; (2) $1941; (3) $607 | £

-- (1) (a) $496; (b) -$269; (c) $765; (2) (a) $158; (b) O;
(c) 0; (d) $158; (3) 4.84
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PROJECT SELECTION - LIMITED BUDGET

"RANKING  FIRST NET
| NO BUDGET. COST SAVINGS
PROJECTS _§!R_ CONSTRAINT __(Sl_ _ﬂ_
Water-saving '
devices 4.84 (7) 176 607
R,S,T,U 5.0 (6) 2,000 8,000
v 7.5 (5) 1,600 10,400
w 8.0 (4) 10,000 70,000
X : 125 (1) 2,000 23,000
Y 120 (2) . 3,000 33,000
Z 9.0 (3) 1,000 8,000
OPTIONS Project W All project except W
WITHIN First cost = $10,000 or First cost = $9,776
BUDGET: NS = $70,000 NS = $83,007
N ‘
» f

12-7 160




Team Problem--Planning an Energy Conservation Package:

Solution

Install Solar Domestic Water Heater:

Schedule A

Schedule B
Schedule C

Sche@g}e D

Schedule E

Schedule F

Schedule I
Schedulg J
Schedule K

Schedule L

Install Heat Pump:

Schedule A

Schedule D

—— e o . e <

- o ——

== (1) 22mmBtu; (2) $16.89/mmBtu; (3) $371.58; (&) 11.07;

(5)

(1)
(5)
0
0
0
(1)

$4113; Total $4113

$4113; (2)-(6) 0; (7) $4113

4.4mmBtu; (2) $16.89/mmBtu; (3) $74.32; (4) 11.07;
$823; Total $823 |

$1600; (2) 0.9 (1.0 - 0.1 = 0.9); (3) $1440; (4) O;

$1440

$823; (2) $1440; (3)-(6) 0; (7) $2263
$4113; (2) $2263; (3) $1850
(a) $3290; (b) 0; (c) $3290; (2) (a) $1440; (b)-(c) O;

{

$1440; (3) 2.28

100mmBtu; (2) $16.89/mmBtu; (3) $1689; (4) 11.07;

$18697

$18697; (2)-(6) 0; (7) $18697




Schedule F == (1) 55.56umBtu; (2) $16.89/mmBtu; (3) $938.41; (4) 11.07;
| (5) $10388; Total $10388 |

Schedule G —- (1) $1700; (2) 0.9 (1.0 = 0.1 = 0.9); (3) §1530; (4) 0;
(5) $1530

Schedule H == 0

Schedule I == 0 B

Schedule J -- (1) $10388; (2) $1530; (3)-(6) 0; (7) $11918

Schedule K -~ (1) $18697; (2) $11918; (3) $6779

Schedule L — (1) (a) $8309; (b) 0; () $8309; (2) (a) $1530; (b)=(c) O3
(d) $1530; (3) 5.43

{

Add R-11 to R-19 Insulation:

" Schedule A == (1) 100mmBtu; [55.%5mm8tul;o(2) $16.89/mmBtu; (3) $1689

[$938.41); (4) 11.07; (5) $18697 [$10388]; Total $18697
[$10388] {

Schedule B -~ 0 \

Schedule C == 0 't

Schedule D -- 0

Schedule E == (1) $18697 [$10388]% (2)-(6) 0; (3) $18697 [$10388]

Schedule F -~ (1) 95mmBtu [52.78mm¥tul; (2) $l6.89/mmhﬁu; (3) $160/.55
[$891.45]; (4) 11.075 (5) $17762 [$9868

Schedule G -- (1) $300; (2) 0.9; Qg) §270; (4) 0; (5) $270

Schedule H == 0 |

Schedule I -~ 0

Schedule J —- (1) $17762 [$9868); (2) $270; (3)-(6) O; (7) $18032 [$10138}

Schedule K -- (1) $18697 [$10388]; (2) $18032 [$10138); (3) $665 [$250]
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- ;oo
Schedule L -~ (1) (a) $935 [$520]; (b) 0; () $935 [$520]; (2) (a) $270;
(b)-(c) 0; (d) $270; (3) 3.46 [1.93]
Install Lighting:
Schedule A -- (1) 2000kWh; (2) $0.06/kWh; (3) $120; (4) 11.07; (5) $1328;
Total $1328 , ' .

Schedule__li -0
Schedule_(..'_ -0
Schedule D -~ 0

Schedule E -~ (1) $1328; (2)-(6) 0; (7) $1328

§chedu1e F -~ (1) 800kWh; (2)-$0.06/kWh; (3) $48; (4) 11.07; (5) $531;

Total $531
.

(1) $300; (2) 0.9; (3) $270; (4) 0; (5) $270

Schedule G -
. . ——

Schedule H =~ 0 ‘¢

Schedule I -~

Schedule J -- (1) $531; (2) $270; (3)-(6)_ 0; (7) s801
Schedule K -~ (1) $1328; (2) $801; (3) $527
Schedule L -~

(1) Ca) $797; (b) 0; (c) $797; (2) (a) $270; (b) 0; (c) O;.

(d) $270; (3) 2.95
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PROJECT SELECTION |

 PROJECT NET

PROJECT COST ($) - SIR SAVINGS () SELECTION

: |
Heat pump 1700 5.43 6,779 X
Insulation - '
without HP - 300 3.46 665
Lighting 300 2.95 . 527 X
Solar water
heater 1600 2.28 1850
Insulation g
with HP ‘300 1.93 250

164
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Computer Room Waste Heat Recovery Problem: Solution

steam: (1) 360.3 Mib (1GPD x 3000P x 252Dy/Yr x 8.341b/G x

Schedule A -~
(120 - 60)) + 1,05 mmBtu/Mlb = 360.5M“; (2) 46.00/M1b;
(3) $3243; (4) 15.93; (5) $51654

Schedule B -~ 0

Schedule C -- 0

Schedule D -- 0

Schedule E -- (1) $51654; (2)-(6) 0; (7) $51654

Schedule F (1) 240.2M1b (1GPD x 3000P x 2520y/Yr x 8.341b/G x (120 - 80))
1.05mmBtu/Mlb = 240.2M1b); (2) $9.00/Mlb; (3) $2162;
(4) 15.93; (5) $34436; Total $34436

Schedule G -- (1) $6000 - $7000;\(2) 0.9 (1 - 0.1 = 0.9); (3) $5400 -~ $6300;

(4) 0; (5) $5400 - $6300

Schedule H -~ (1) $200; (2) 11.65; (3) $2330

Schedule I -~ (1) 15; (2) 0; (3) $500; (4) 0; (5) .36; (6) ¢ (7) $180;
(8) 0; Totals (6) 0, (7) s180; (8) 0

Schedule J - (1) $34436; 52) $5400 - $6300; (3) $2330; (4) 0; (5) $180;

(6) 0; (7)'542346 - $43246

Schedule K -~ (1) $51654; (2) $42346 - $43246; (3) $8408 - $9308

Schedule L =+ (1) (a) $17218; (b) -$2330; (c) $14888; (2) (a) $5400 - $6300;

(b) $180; (c) 0; (d) $5580 - $6480; (3) 2,30 - 2.67
Break-tven (with adj. factor): .9PS&I(BE) = $17218 - $2330 ~ $180 =
$14708/.9 = $16342, where P&I(BE) = break-even purchase and

installation cost.
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' Section 13

~Problem Set C

1
1

\“

t ‘of uncertainty in

| | /

This sectlon contains problems related to the treatmen

l

.project_analylia, presented ar follows: ,

‘ 3»

(1) Sensitivity Analysis Problem: Insulation

(2) Problem in Probability Analysis: Heat Pump Versus Solar Energy System
| :
- :

Solutions to these probleﬁs are provided at the end of this section.

|
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Problem Set C

N
\ Sensitivity Analysis Problem: Insulation

[Note: This is a hypothetical example intended only to illustrate the
technique.) .

Problem Description: Assume that you, as a homeowner, wish to insulate your
attic, which is currently uninsulated, to reduce your electricity cost. The
house is heated by an electric resistance system and the current price of

electricity is $.057/kWh ($16.77/106Btu). You expect *o remain in the house
another 25 years. Your besc alternative use of the money you have available
to spend on insulating the house is for a tax-free bond paying 10% compounded

annually. Current inflation is about 3% per year. The house 18 located in
Washington, D.C.

Using the Means Building Construction Cost Data Guide as a rough approximation

of costs,* you find the following cost data for this area for fiberglass
batts:

Material Cost Labor Overhead and Profit
(S/ft2) ($/£c2) (Multiplier)
R-11 14 .06 1.25
R-19 24 .07 1.23
R-30 40 .08 1.17
R-38 S5 . .09 1.15

In the past you have occasionally seen a 50% sale on installed insulation.

However, you haven't seen any sales recently and do not know if the lower
price will be available.

Further, you have noted a recent upswing in the local building industry which

may have driven labor rates sharply higher--as much as double those reported
by Means.

The area to be insulated is 1,200 ft2, You are basing your energy savings on
DoE-projecced price increases in energy, based on a recent research report by
the National Bureau of Standards which estimated the annual savings from attic
insulation for a house similar to yours as follows:

Change in Annual Heating Requirments

(100Btu)
0-R-11 12.913
0~R-19 14 .987
O-R-30 ' 160315
0-R-38 16.833

Determine: How sensitive is the optimal level of attic insulation to these
potential variations in costs.

*R.S. Means assumes large job sizes so these costs will tend to be lower than
what the homeowner would face.

13=-2
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Problem Set C

Problem in Probability Analysis: Heat Pump Versus Solar Energy System

[Note: This is a hypothetical problem intended only to illustrate the
technique.]

A heat pump and a solar energy system are two alternatives being considered
for retrofit to a number of similar Federal facilities. 17 the solar energy
system is installed, the existing heatiug system will be used as an auxiliary
system. The heat pump requires no auxiliary system. A major area of concern
is whether or not the existing system will provide reliable auxiliary service
without major overhaul costs. Expert judgment is that there is about a 30
percent chance that the existing system in a given facility will be found to
require major overhaul in order to provide auxiliary service to the solar
energy system, and a 70 percent chanre that no major repairs or modifications
will be needed. If no major overhaul is needed, the conbined life-cycle cost
of the solar/auxiliary system is estimated at $20,000; and if major overhaul
is needed, at $35,000. The life-cycle cost of the heat pump is estimated at
$§25,000. Which system do you recommend on the basis of minimizing the
expected value of the life-cycle cost?
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Sensitivity Analysis Problem:

Solution .
Insulation Annual Heating  Total Total PV Costs Net Savings

Level Required PV Savings Low Med. High Low  Med, High-

(106Btu) $ Cost Cost Cost
0-R11 1..913 3,105 150 300 390 | 2,955 2,805 2,715
0-R19 14,987 3,604 229 458 561 | 3,375 3,146 3,043
0-R30 16,315 3,923 - | 337 674 786 | 3,586 B30
0-R38 16,833 4,048 442 883 1,007 3,165 3,041
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Probability Analysis Problem: Solution

EV (Heat Pump) = $25,000

EV (Solar/Auxiliary) = ($20,000) ¢ (.7) + ($35,00C)  (.3) = $24,500

There ls very little différence in the expected value of the outcomes; but the
solar/auxiliary system is expected to have a slightly smaller life-cycle cost
and could be recommended on that basis.

170
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Section 14

Problem Set D

A

This section contains problems whose golutions utilize other analysis

techniques such as break-even analysis and replacement methodology. The
problems are presented as follows:

e

(1) Team Problem—-Break-Even orders for a Computerized Procurement System

(2) Team Problem—~Determining Optimal Retirement of Equipment

3 -

Solutions to these problems are provided at the end of thls section.

/
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Problem Set D

Team Problem—-Break-Even Orders for a Computerized Procurement System

[Note: This hypothetical nroblem is intended only to illustrate the
technique. ]

Problem Statement:

A Federal agency procurement office is considering the purchase of a new
computerized system that is expected to FUt average labor time per order in
half. The number of orders has been identified as a key determinant of the
cost efféctiVeness of the system, and management wishes to make the decision

based on cost effectiveness.

A

rh

Past trends in procurement orders have been analyzed, and a pr;jection has
been made of future orders in terms of lower and upper boundary estimates,
Over;the next three years, the average projected low estimate is 500 orders
per year and the average high is 800, ‘Other data and assumptions are given

2
below:

Data and Assumptions:

System purchase and installation cost = $45,000

Annual maintenance cost = $2,000
(Fixed by contract in constant dollars)

Service charge per order = $1.00
(Fixed by contract in constant dollars)

System life = 10 years
Salvage = (

Labor savings per order = $12,00
(Constant dollars)
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To Do:
Based on the data and assumptions, perform.a break-even analysis of the annual
procurement orders and, on this basis, advise management on the decision.

[Note: Assume the project is mnot regaried as an energy conservation project.]

14=3 1:73
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Problem Set D

»..
Team Problem—--Determining Optimal Retirement of Equipment ¢

[Note: This hypothetical example is intended only to illustrate the
technique. ) 3

Problem Statement: The existing motor-generator sets which power passenger
and freight elevators in a Federal building co..plex consume 2 million kWh's of
electricity per year. At the time of the analysis (early 1983), electricity
costs $0.06/kWh, and the price is projected to increase over the next 5 years
at an annual compound rate 5 percent faster than general price inflation and
thereafter at a rate 1 percent faster than the general inflation rate.

1 s “

With an extensive overhaul and modifications costing $50,000, it is estimated

that annual power consumption could be reduced by 15 percent and equipment s -
life extended to as long as 25 years., Without the averhaul, the equipment is

expected to last another 5 years, at which time overhaul will no “longer be ° .
feasible. S N

New elevator power equipment is available at a purchage and installation cost
of $400,000. It will cost $20,000 to remove and dispose of the old equipment
and toprepare the machine rooms to receive the new equipment. There is no
resale or reuse market for this kind of equipment when it is removed from
service. The new equipment is expected to be 25 percent more energy efficient
than the existing equipment without the overhaul. The new equipment is A
expected to last for the duration of the building life which is estimated to
be indefinite. ’

No'hppreciable difference is estimated in maintenance and repair costs of the
new and existing system, whether overhauled or not. The new equipment is
expected to continue to be “state-of-the-art” for the foreseeable future, and
its constant dollar costs are expected to remain the same over time.

Determine:
(1) Decision alternatives to be considered.
(2) The estimated least-cost alternative.

(3) The net savings estimated to he derived from making the cost~effective
decision.




-

Team. Problem -- Break—Evin Orders for a Computerized
y

Procurement stem: Solution

'BREAK-EVEN: LABOR-MACHINE DE(‘:IISION

SOLUTION - Find break-even no. of orders and compare with
projected no. of orders

PV costs = PV savings

$45.000 + ($2,000 x UPW o) + (51.00 x no.orders x UPWyq) =
$12.00 x no. orders x UPWio |
$45.000 + ($2,000 x 6.145) + ($1.00 x no. orders x 6.145) =
$12.00 x no. orders x 6.145 ‘
S45.000 + $12,290 + 6.145 no. orders = 73.74 no. orders:

67.60 no. orders = 57,290

Break-even no. orders = 847.49 annually

175
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Team Problem -- Determining Optimal Retirement of Equipment: Solution
¢

! KEEP EXISTING EQUIPMENT “AS IS” FOR 5 YRS,
THEN REPLACE

~ ENERGY COSTS, NEW EQUIP. COST,
YRS. 1-5 END OF YR. 5

PV = [2,000,000kWh x $0.06kWh x UPW; . 7. .. ] + [($400,000 + 20,000) x SPW, yr. 7%}

ENERGY COSTS,
YRS. 6-25

+ [(1-0.25) x 2,000,000 x $0.08 x SCA ,, 5o, x UPW3, yr. 7%, 1% % SPWg o 70 ]
= [2,000,000 x $0.06 x 4.73] + [$420,000 x 0.71] + [0.75 x 2,000,000 x
x $0.06 x 1.28 x 11.53 x 0.71] '

= $1,808,862
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RETIRE EQUIPMENT IMMEDIATELY

NEW EQUIPMENT ENERGY COSTS, YRS. 1-25

PV = [$400,000 + 20,000] + [(1-0.25) x 2,000,000 x $0.06 x [UPWg . 70, 59, +

(SCAg yr, 5% X UPW30 yr. 7%, 1% X SPWs yr, 791
_ $420,000 + [0.75 x 2,000,000 x $0.06 x [4.73 +(1.28 x 11.53 x 0.71)]]

= $1,788,762
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'OVERHAUL EXISTING EQUIPMENT'

OVERHAUL - ENERGY COSTS,
COST . .  YRS.1-25

<

PV = [$50,000] + [(1-0.15) x 2,000 ooo x $0.06 x [UPW; . 7%, 5o +

(SCAs yr, 5 % UPW20 . 70 10, X SPW, yr, 7%)”

= $50,000 + [0.85 x 2,000,000 x $0.06 x[473+(1 28 x 11.53 x 0.71)]]
= $1,601,263

o 14-8 ; -
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COST-EFFECTIVE DECISION
e Overhaul existing equipment

¢ Net savings:
— $207,599 Relative to keeping équipment ‘““as is’’ for
5 yrs, then replacing
— $187,499 Relative to retiring existing equipment
immediately

179
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PROBLEM SET 15

'
! \
A
\

\
. This tab contains a sample economic evaluation repoiﬁt.

- 180
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Problem Set E

Team Critique of an Economic Evaluation Report

Critlque this report as a team. Identify errors in problem formulation,
assumptions, analysis, and recommendations. Describe the nature of the errors
and how you would have avoided them. Select a representative of your t:am (¢

preseat to the class your version of an improved report.




<)

Energy Conservation Feasibility Study

Federal Building I
Washington, D.C.

Submitted by
XYZ Associates
Coutractors Park, USA

[Note: This is purely a hypothetical examp’ .wwended only as an
instructional aid for illustiating important elements of an economic

evaluation report.|
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). Objective and Scope

This report analyzes six alternatives for reducing utility costs in Federal
Bullding'}. an existing office building in Washington, D.C. The report
provides GSA decision makers with economic guidance as to which conservation
retrofits to select in light of the GSA objective of maximizing net savings

from energy conservation subject to budgeting constraints.

2. Alternatives @
The six alterna:lveé are time clocks for lighting control, additional roof
insulaticn, storm windows on the North side, flow restrictors for saving hot
water in restrooms, use of cool nigﬂ; air to precool the building during the *

summer, and insulated window drapes. Other alternatives were considered, but

they were rejected because their savings were difficult to calculate.

G'

[
3. Assumptions and Data
A study period of 25 years is used for energy retrotits, and a study period of

20 years is used for the flow restrictors.

A real discount rate of 107 is used for evaluating the roof insulation and
time clocks, and a real discount rate of 137 is used for the rest of the
retrofits.

e
All future costs that are discouni!<d to present values are stated in current

dollars to ‘account for inflation.

15-4
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The report evaluates retrofits for the, 1984 budget year. Since agency funding
for 1984 is not yet determined, three budget levels covering the range that
might be expected are assumed as follows: $92,000; $145,000; and $400,000.
An economically efficient set Af retrofit projects is selected for each of the
three budget levels.

r

(ccupant satisfaction with the building in terms of thermal comfort, lighting

levels, and water supply are assuped to be unaffected by the proposed

retrofits. {

4. Analysis

The conservation retrofits are arranged in descending order of their cost s
effectiveness. Since the objecﬁive ig to maximize net suvings from
conservation retrofits, columu: 4 (net dollar savings) determines t..° ranking

of the six projects.

All projects except using cool night air to precool buildings in the summer

are estimated to be cost effective in the sense that the SIR is greater than

1.0 and the payback is less than four years.

To maximize uet savings under each of three budget scenarios, each project
should be selected in the order given by column 5 until net savings become

zero or negative, or until the budget is exhausted.




1

Table 1. Summary of Conservation Retrofits
[OOSR s e —— —
. J/, Total Life-Cycle First Net
Cost Savings 4 Cost Savings Economi ¢
$ $ SIR $ Priority
Retrofit (1) (2)  ()=(1)+(2) (4)=(1)-(2) (5)
Storm Windows on 276,000 90, 500 3.0 185,000 1
North Side
Time Clocks for ‘4 226,000 53,400 4o2 172,600 2
Lighting Control
Flow Restrictors - 55,000 3,000 18.3 52,000 3
in gestrooms :
Roof Insulation 53,000 2,600 20.4 50,400 4
Insulated Window 206,300 195,500 1.1 10,800 5
Drapes
¥
Cool Night Air 130,000 140,000 0.9 -10,000 6

to Precool Building

in Sunmer

The data and calculations that underly the cost and savings figures in this table are
available from a research assistant at XYZ Associates.




L4
5. Recommendations ‘

For a budget of $92,000, storm windows on the North side of the buildiug
should be installed. Storm windows yield the greatest net benefits. The

$1,500 remaining is insufficient to undertake any of the other projects.

For a bﬁdget of $145,000, both the storm windows and the time clocks should be
installed. The $1,100 remaining is insufficient to undertake any other

project.

’ :
' | "
For a budget of $400,000, all of the projects except using cool night alr to
precool the building in summer should be selected. Having a budget larger
than the cost of all available alternatives is equivalent t» having no budget
constraiit. Therefore any project with a relatively large SIR should be
undertaken. Using cool night air is rejected becauvs its SIR is i;wer than
any of the other retrofits. For this reason it would not be acceptable

‘

regardless of the budget size.

O a
g
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