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ABSTRACT

This iastructor's manual describes each section of a three-day technical
seminar on how tuv measure the economic impact of alternative designs, systems,
and operation and maintenance strategies in Federal buildings. The manual was
prepared to help instructors of the General Services Administration conduct
technically sound and comprehensive seminars. For each technical session, the
manual provides an introduction explaining the purpose of that session
followed by copies of each visual and an outline of the commentary that would
accompany that visual. The seminar covers the fundamentals of life-cycle
cost, benefit-to—cost ratio, savings-to—~investment ratio, internal rate of
return, and payback analyses; sensitivity and probability analyses; break-even
analysis; replacement decisions; and the solution of sample building problems
that illustrate these economic evaluation methods. The sessions alternate
between presentations of economic theory required for evaluating problems and
actual problems that illustrate the economic evaluations in practice. Real
building design problems with an emphasis on energy conservation are presented
for individual and group solutions. The manual describes step~by-step how to
present the problems and how to solve them. It presupposes an existing
familiarity of the instructors with the basic concepts and evaluation

techniques used in the seminars.
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PREFACE

o

Rising costs of energy and increasinily constrained construction and operating
budgets have forced building owners and operators to give increasing attention
to the life-cycle consequences of building decisions. Life~cycle costing and
benefit-cost analysis are two of the economic techniques that have been used
to make more economically efficient building decisions. The purpose of this
manual is to help instructors present a technically sound and comprehensive
seminar on the economic evaluation of g’!&dings. .The objective of the seminar
is to provide participants with a working knowledge of economic evaluation
procedures for making cost-effective decisions related to new construction and

building retrofit.

This manual was developed to help instructors of the Ceneral Services
Administration (GSA) present a technically sound and comprehensive seminar to
Federal employees. The visuals and problems in the manual have been field
tested in several courses taught by the authors in GSA region: throughout the
United States. Approaches anu problems presented herein have also been tested
in other courses presented by the authors for the Department of Energy and the
University of California Extension Service. Thanks are due the many students

who have taken these courses and suggested improved ways of teaching them.




The authors also wish to thank the members of the American Soclety for Testing
and Materials (ASTM) E06.81 Subcommittee on Building Economics. Through their
discussions and critiques of economic methods in the standards develo) ment
process, they have provided insight to many of the issues treated in this
manual. (Instructors using this manual who would like to learn more about
ASTM's work in building economics should contact Kenneth Pearson, ASTM

Standards Development Division, 1916 Race Street, Philadelphia, PA 19103.)

Special thanks are also due David Eakin of the Design Programs Branch, GSA,
for his painstaking attention to our development of a course that meets the
needs of GSA. Barbara Lippiatt of NBS helped revise slides and problems for
the manual, and Laurene Linsenmayer patiently typed numerous drafts prior to
final printing. Finally, thanks are due the many persons at the National
Bureau of Standards who spent time with the authors discussing economic 1ssues

and suggesting problems that the manual should address.
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Section !
l. INTRODUCTION
This instructor's manuafﬁprovides an approach to teaching a three-day technical
seminar on how to measure tbe'economic impact of alternative designs, systems,
and operation ;gh maintenance strategies in Federal buildings. “the purpose of
the manual is to help instructors of the General Sfrvices Administration
(GSA) present a technically sound and comprehensive seminar. The objectives of
the seminar are to provide participants with a working knowledge of economic
evaluation procedures as mandated for the Federal government in making building
decléions, and to improve the ability of participants to deal with decision

making responsibilities related to cost management aad selection of buildings

for new construction and retrofit applications.

The seminar material has been developed particularly for building design
engineers and architects, project planning and prograﬁming staff, managers of
building operating programs, building evaluation personnel, contract
coordinators and negotiators for building studies and design, building
construction estimators, and privgte contractors Involved in GSA construction
projects.

=
The sessions alternate between lecture presentations and ciassroom problems.
The presentations relate economic theory to the solution of practical building
problems and provide the participant with fundamental theory and methods

necessary to make economic evaluations of buildings.

The classrBom problems start with simple discounting exercises and conclude

with comprehensive analyses of compiex buillding projects. Both new building

and retrotit problems are considered. Some problems are presented and then
1-1
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solved by the instructors, whereas others are presented to the class to be

solved individually or in tzams.

The approacn is to alternate between presenting theory and methods and solving
problems. The seminar sessionrc are arranged in increasing order of
comprehensiveness and complexity. Each section builds on thosz preceding to
enhance the participant's understanding of economic methods and how to apply

them to real-life building problems.

It is assumed that instructors using this manual will have a thorough under-

standing at the outset of the theory and methods used in the seminar. The

manual structures each session of the course, describes the message or point

that each session is intended to convey, provides annotated copies of visuais

used in the seminar, and explains how to present and solve the problems.

Within the framework provided, instructors may wish to develop their own notes |

and lecture materials.

Whereas the ordering and number of sessions are cesigned for a three-day
seminar, shorter seminars with a different sequenée of sessions could be
developed from this manual. The only sequence which should be preserved is
that of explaining the economic method of evaluation before presenting a
problem for class solution requiring that method. A sample three—day agenda {s

provided in Appendix A.

A selective bibliography concludes this manual. 1t provides instructors a guide

to the literature /hich describes in detail the economic methods presented.
(R,
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Section 2
slide Presentation: Seminar Introduction
€.
This first session (1) explains the purposes of the seminar, (2) identifies
the uses of economic analysis in decision making, and (3) discusses the
Fedéral LCC Rule (10 CFR, Part 436) as a required procedure for GSA and other
Federal agencies. (A detailed discussion of specific GSA requirements may be
Luaericial later in the seminar, after a general understanding and an

appreciation of evaluation techniques, procedures, and applications have been

established.)
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Slide 1

ECONOMIC EVALUATION

OF

i BUILDING DESIGN, GONSTRUCTION,
: OPERATION and MAINTENANCE

Economic Fvaluation of Building Design, Construction, Operation, and
Maintenance

h o Introduce speaker: .

, Have particlpants introduve themselves, stating their' area of work and
particular fnterest and experience in life-cycle costings.

v Briefly introduce the materials that have been distributed:

- The Workbook contatns some OMB and GSA reference documents, brief
explanations of technlques treated in the semlnar, problems, and
worksheets, The Workhook does not correspond exactly to the lecture
sequence; the participant will be directed to the relevant sections of
the Workbook as needed.

~~Handhook 135 amplifies tte Federal lLife-Cycle Costing Rulea for
Evaluating Energy Conservation, and will be used as a source of eneryy
price data and a general reference source.

2-2
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Workshop Objectives

o~ ey = e

e Understanding of Basic Concepts and
Procedures

e Experience in Problem Solving

e Interaction With Other Energy Managers
and Analysts

IR A RN TN LA, m@m

PSS

Workshop Objectives

l.ist workshop objectives.

Might elaborate benefits of third objective listed, “{nteractfon with other
energy managers and analysts.” [Past seminars have shown that participants
often form complementary and collaborative relaticaships.]

2-3
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Slide 3
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TOPICS

¢ Analysis Techniques

e Model Formulation
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e Data and Assumptions i
§

e Prablem Solving
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Toplcs

o List the major toplcs to be covered.

o Explain that by the end of the seminar the participants will know the major
economic analysis techniques for evaluating capital {nvestment projects,
will be able to develcp models for problem solving, will know what data and
assumptions are needed to exercise verious models, and will be able to
carry out the computations to solve the jroblem.




TYPICAL KINDS OF PROBLEMS
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| ® How much should be spent on each ?

o What combinations should be chosen ?

{  Machine - labor tradeoffs

1 ¢ Rent - buy - make decision

- e =

Slide 4

e Where should priority be given ?
e When should systems and components be replaced ?

e How does uncertainty affect the decision ?

1ypical Kinds of Problems

o Fxpiain that the techniques covered can be used to solve differenc kinds
nf problems.

n o through the listing of the different kinds of problem: and rlve examples
where needed for clarity.




Slide 5

APPLICATIONS

® Building Design

® Project Engineering

¢ Project Planning

¢ Cost Estimating

® Procurement

® Contracting 1
° ansulting

{ ' . :

¢ Managing :

)
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Applications I

Fxplain that the problem~solving techniques can be applied in a number of
different applications and will be useful to people in different

professions,

o Go through the liat and give a few examples.

26




FOCUS - FEDERAL ENERGY CONSERVATION]|

DECISIONS

Estimating life-cycle energy costs in Federal
Buildings

e Evaluating project cost effectiveness

Ranking projects

v
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Focus-—-Federal Energy Conservation Decisions

Note that while the techniques and general approach are applicable to many
types of investment problems, the focus of the seminar 18 on evaluating
energy conservation projects for Federal buildings.

Explain that the methods and procedures presented are compatible with the
Federal Life-Cycle Costing Rules that have been developed in compliance
with legislation and Fxecutive Order [Section 381(a)(2) of the FEnergy
Policy aund Conservi.tion Act, Title V of the Mational Energy Conservation
Policy Act, 92 Stat. 3275, as amended by Section 405 of the Energy Secur'ty
Act, 94 Stat. h11; and Section 10 of Presidential Executive Order 11912, as
amended by Fxecutive Order 12003,]

The Foderal Life-Cycle Costing Rules are egtablished in Subpart A of Part
A3 of Title 10 of the Code of Federal Regulations.

217
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Section 3

Slide Presentation: LCC Examples
The ohjectives of this lecture are (1) to provide a perspective of life-cycle
cost (LCC) analysis in its entirety before examining in detall the parts, (2)
to establishk at the outset an appreciation of how economic analysis can
improve the quality of decision making by systematically structuring the
pruoblem, identifying the options, and Iintegrating the factors important to the
outcome of the decision; (3) to serve as a means of identifying and discussing
some of the concerns and issues In Benefit-Cnst (B-C) and LCC analysis; and
(4) to distinguish between the use of B-C and LCC anal: ses to (a) evaluate a
single project and (b) to derive generalizable guidelines for building

decisions.

Two examples are presented in brief, with the focus on the reason for the
analysis, the general approach, and interpretation of results, rather than on
the detalls of how to do the examples. The first example 1s for the retrofit
of a Federal building. The second example is a generic-type study of window

select{ion and use.

[Note: The instructor may wish to suhstitute other examples that achieve the
same objectives.]




Slide 1

LCC EXAMPLES

e GSA ietrofit project

e Developing guidelines for
cost-effective windows

T T A K S LEE
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Yosi s.a

-
} e

LCC Examples
o Explain the objectives of this session (see preceding notes).
o [dentify the two case studies.

o Distinguish between a study of a gpecific project and a gene: Lc—-type
stndy to develop general guldelines.,

l')-
Ao

3-2




Slide 2

ENERGY CONSERVATION STUDY

OF A
FEDERAL BUILDING

i OBJECTIVE: Reduce Energy Consumption by 20%

o ~

it
1§
; § DRGTINE mmmmmmtm

-.- v
.“.h pr %

Energy Conservation Study of a Federal Building

o Note that this is a study of a specific building for purpose of retro-
fitting it.

0 Give bhackground--The study was conducted in response to requirements of the
Foderal Fnergy Management Program (FEMP) to reduce energy consumption in
Foderal buildinps by 20 percent.

o Note that the study was performed by a private consultant; no verification
wie mide of the computations—-only an overview of the peneral approach
ard mature ot the tindings fs intended.

o The atudy also evaluated water conservatlion opt fons, but those are not
fncluded in this presentation,

()l)
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Slide 3

DATA COLLECTION ]
TO CHARACTERIZE EXISTING CONDITIONS ||

e Building and construction
e Site conditions
e Energy using systems and subsystems

e Central heating and chiller plant and sub
central chillers

e Fuel consumption and cost data

0

0

wn-.mmmmm AP UMAC” T 71 B NIV AR SRR wwmmm

Data Collection to Characterize Existing Conditions

Note that an initial phase of the study entailed characterizing axisting
systems and subsystems.

This is necessary to identify potential alternatives.

This is necessary to establish a baseline LCC against which alternatives
can be evaluated,

2
-4




Slide 4

SO 400 -
BUILDING BOUNDARY

ANNUAL ENERGY USE

2% 2%

»
{ AV S DPUIUS T 7 SR ST TV AP oy s SR TR QU # T TIPS ISTIAIDERPI IO SN AP0 1 B0 B ow 3« & Ao g 110

e e L e LRI L T R,

Building Boundary Annual Energy Use

o Note that this plus the following 2 slides are examples of the effort to
characterize existing conditions. The first measures purchased energy
at the boundary of the building, the second measures the quantity of
energy at the source of production.

o The %Zocus on energy usage in terms of quantity rather than cost at this
stage of the analysis reflects the fact that the primary FEMP poal lis
stated in terms of reducing the quantity of energy used.

0 The vertical bars indicate in 109Btu's the annual houndary erergy use for
each purpoge indicated on the horizontal axis, and the percentage number
at the top of each bar expresses that usage as a percent of the total
building usape.

3-5
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Slide 5

26%

BUILDING RAW SOURCE
ANNUAL ENERGY USE
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Building Raw Source Annual Energy Use

"his is another example of characterizing existing conditions, but this
time going back to the source to measure energy ut>. For example, the

Btu's for lighting are measured here Iin terms of the initial fuel used

to produce the electricity that is purchased for lighting.

Note the switch that occurs between lighting and heating as the
predominant user of energy when energy is measured in terms of "raw
source” Btu's versus “"boundary” Rtu's.

Fxplain in this context the possible conflict that can arise between
saving enerpy versus saving dollars.

0o
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Slide 6

LIGHTING ENERGY USE BY SPACE FUNCTION
100}

90

80
70
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20 |
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40/0 4 0/0

Lighting Energy Use By Space Function

o This is an example of a second level of detail in characterizing existing
conditions.

o Further detail included, for example, lamp types, thelr maintenance

and operational schedules, and their performance in terms of lighting
levels.

3-7
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HIGHLIGHTS OF EXISTING CCNDITIONS

» Boundary energy budget - 78,670 Btu/Sq.Ft. (GSA Target: 75,000)
o Raw source energy budget - 202,500 Btu/Sq.Ft. (GEA Target 150,000)
« Domestic water use - 26 gal/day/person

o Otfic. lighting use per building area - 2.3 watts/sq.ft.

s Otfice supply air changes per hour - 8.0

« Building gross area per ton A/C - 614 Sq.Ft./Ton

» Overall condition of existing energy consuming equipment -
Very good, normal 10 yr. obsolescence

» Specific problem areas

Highlights of Existing Conditions

o Note that the coverall energy consumption of the building in terms of
boundaiy energy was found to be close to the GSA target. The study focus
then shifted to raw source veducticns.
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IDENTIFICATION AND ANALYSIS OF
ENERGY CONSERVATION OPPORTUNITIES

* Reference used: Energy Conservation for Existing Buildings

Field observations to determine project technical feasibility .
Establishment of baseline costs

38 conservation concepts evaluated

LCC analysis -~ Construction costs
- Design costs
- Personnel costs
- Energy costs
- Maintenance costs
- Replacement costs
- Expected life
- Other impacts - On other building systems
- On health & safety
- On building aesthetics

Identification and Analysis of Energy Conservation Opportunities

o The evaluation team used the list of options in the GSA publication
Energy Conservation for Existing Buildings as a reference in identifying
opportunities.,

0o Forecasts were =i of present and future costs of maintaining, operating,
and replacing major systems under existing conditions to provide a cost
baseline against which to compare retrofit projects.

o 38 potential projects were evaluated, taking into account the factors
ligted on the slide,

3--9 .y
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SAMPLE OF ENERGY CONSERVING CONCEPTS

LIFE
CYCLE LIFE
FIRST COST CYCLE BENEFIT
RECOMMEN- COST SAVINGS Btu COST
CONCEPT DATION (%) ($) SAVINGS RATIO

Sto:m windows
on North side, YES 72,600 135,293 63x10° 2.9
North Building

Add roof
insulation No 43196 -36,825 2.14%10% 0.15

Reduce AHUs
air volume Yes 57,554 643,535 414x10° 12.2

20% maximum

Reduce kitchen

exhaust air Yes 104,575 37.2x107 60.7

sample of Energy Conserving Concepts
o Point out usefulness of this type of information for decision making.

o Note that each row item {s backed up in the report by fuller project
descriptions and analyses.

K

":P/ L3
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IMPACT OF THE
ENERGY CONSERVING PACKAGES
ON RAW SCURCE ENERGY USAGE

BUILDING ENERGY INDEX SAVINGS
BEFORE THE AFTER THE RAW SOURCE
PACKAGE PACKAGE ENERGY

PACKAGE | IMPL.LEMENTATION | IMPLEMENTATION SAVINGS PERCENT
NO. Btu/Sq. Ft. Btu/Sq. Ft. Btu x 105 | SAVINGS

1 207,392 139,883 100,047 32.6

2 207,392 145,571 91,618 29.8

3 207,392 154,688 78,106 25.4

4 207,392 155,262 I 77,255 251

MUM‘

lmpact of the Energy Conserving Packages on Raw Scurce Energy Usage

o The next step was to identify alternative "packages" of projects, each of
which could accomplish the energy conservation goal.

o The "packages” of projects took into account project interdependencies,

111 1)
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PACKAGE SUMMARY
ENERGY CONSERVATION RETROFIT ANALYSIS
FOR A FEDERAL BUILDING

PACKAGE FIRST LC COST
NUMBER cosT. SAVINGS BCR
Dollars Dollars
1 405,610 6,078,478 16.0
2 476,110 5,474,408 12.5 :
3 126,710 5,165,592 41.8
4 191,932 5,269,167 28.5 ’ '.

.-wm-gn---un-nm-m-unnm---u-un-lasamnunnw-uuuuwnuwauaﬂww» =
' nnmn.nnunnnum-n-n---nnnwnn0mu-ung---m--n—mn---n-tmmunmmum&n\--

Package Summiry--—Energy Conservation Retrofit Anualysis for
a Federal Bullding

y The final step was to compare the cost ef fectiveness of the program-

mo Leally feasible packages and identify the one with the highest
BCK.

o N te that none ol the projects tacluded in any of the proposed packages
had BCR's < 1.

o Package #3 was recommended, with a BCR of 41.8. (Note that this package
also had the highest Btu/$ index, but explain that the rankings of the

Btu/s and BCR indices will not always be compatible, as will be shown in a
lTater sogston,)
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Slide 12

OPTIMAL
WINDOWS

Optimal Windows
Note that this is a generic-type study.

Give background--Study was performed in conjunction with the Federal
program to develop building energy performance standards, and at a time
when some were urging a categorical reduction of window area in buildings,
and others were making claims of the thermal benefits of south-facing
windows apart from the use of special passive solar devicer to sto-e tha
heat, and apart from the use of insulation and shadlng.

Cite 2 reports us source-—-NBS BSS 119 and NBSIR 81-2248%,
(Review these reports for further background information,)

Note the multidisclplinary approach-—thermal engineer, architect, and
vconoml st
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OBJECTIVE:

Develop guidelines for cost-effective

e Selection
® Size
e Location
e Accessories
e Use
of windows in Buildings

Objectives

Explain that the purpose was to develop general guidelines for cost-
effective design, sizing, locationm, accessorizing, and use of windows in

buildings in different regions of the country.

Note that the cost effectiveness of building energy investments tends to be
sensitive to climatic data, {.e., what is cost effective in one part of the
country may not be cost effectiva in another; therefore, the effect of
locat fon needs to be taken into account in developing guidelines for the

country as a whole.

Note that there may be significant locational factors other than heating
depree days and cooling hours, guch as level of solar radlatlon and ground

water temperature.

Y14 .
! li!j
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WINDOW ANALYSIS
SAMPLE RESULTS FOR WASHINGTON, D.C

UNMANAGED MANAGED

WINDOW | SINGLE GLAZED |DOUBLE GLAZED | SINGLE GLAZED |DOUBLE GLAZED
SIZE SOUTH NORTH |SOUTH NORTH | SOUTH NORTH|SOUTH NORTH

5 0 720 720 720 720 700 700 | 700 700
I
w| 18 850 870 | 8s0 865 | 620 650 | 650 660
A Q
o “| 60 ] 1m%0 1260 | 1210 1230 | 1050 130 | 150 1180
)
b <l o 2790 2790 | 2790 2790 | 2700 2700 | 2700 2700
34 o~
L wf 18 | 3060 3140 | 2980 3010 | 1930  2040] 1940 1980
R
or w
" o| 60 [ 3770 4060 | 3470 3550 | 2330 2650 | 2310 2440
Voo .
A ““ —
U
mm?mm' L

Window Analysis--Sample Results for Washington, D.C,
o Explain that the economic analysis model was computerized to facilitate
changing values of parameters to test the various alternatives of window

selection and use.

o Point out that the table ghows sample results for Washington, D.C. case
studies,

o Note examples of variens comparisons that can be made.
Other Possible Discussion:

o Explain the {mportance of identifying all of the costs and henefits that
are likely to he significant to the decision.
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glide 14 (Cont.)

Note that some are more ameaable to quantificatton than others.

\
A

o Note that Ehe analyst must decide which element to attempt to guantity

in dollar terms and how to treat the other, {ncommensurable elements.

Note thaé as the terms are generally used, *benefit~cost” (or B-C)
evaluation refers to a comparison of benefits against costs where both are
variable depending on the decision that is made; while "11fe-cycle costing”
(LcC) refers to comparing different levels of costs that are variable with
the decision, where benefits remain constant. However, the distinction is
often blurred, and benefits can be treated as negative costs in LCC
analysis, while cost reductions can b= treated as benefits in B-C analysis.

3
1-16
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LCC Compavison: Single Glared Windows on South and North-Facing Walls,
with and without Daylighting and Window Managemant,
Washington, D.C. Case Example

South~Daylighting
ond Manegement

IN DOLLARS

ond Monegoment

LIFE-CYCLE SAVINGS(+) OR LOSSFS(-)

Nerth- Mm"“ -[

TR OTHIT TR TS

Smiutiag
N \ Erebiilliodive Seuth=Bere Window,
\\ \\\-\\\m\\m\um Ne Dlﬂi.l‘!b. or
)

IR, e ! l

\\ Whtkia

|| [
\\\\\

|| | P
12 18 30 €0

=780 -

Menegement P

WINDOW SIZE IN FT2

LCC Comparison: Single-Glazed Windows on South and North-Facing Walls,
With and Without Daylighting and Window Management, Washington, D.C.
Cese Example

o Note that a visual display of findin' 15 often an aid to interpretation,

3-17 :gb
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Slide 15 (Cont.)

o FExplain "bands” in terms of sensitivity analysis. The highest point on the
upper band indicates significant savings from a 12-18 ft2 window on the
south side used for daylighting and covered at night. The lowest point on
tn bottom band indicates large losses from a 60 ft?2 window on the north
not used for daylighting and not covered at night.

o Note possible mitigating circumstances, such as no opportunity for using
daylight, view, and codes.




Section 4
Slide Presentatiion: Fundamentals of Benefit-Cost and LCC Analysis
The purposes of this session are to (1) describe the general charncteristics
of Benefit-Cost and Life~Cycle Cost Analyses, (2) to explain the steps in an

economic analysis, (3) to explain in detail the discounting procedure, (4) and

to illustrate discounting with sample problems.

- ""\
4-1 IO
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LCC
METHODS

AND
PROCEDURES

LCC Me¢ thods and Procedures

o Describe the purpose of the session.

4-2
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WHAT IS LCC?

Ari economic evaluation method which - -
* Accounts for all relevant costs
* Over the investor’s time horizon

* Adiusting for time differences

What Is LCC
o Define LCC 1in terms of the listed characteristics.
o Note that LCC here is a generic term that refers to a large set of economic

evaluation techniquesa including Benefit-Cost und Savings—to-Investment
Ratio analyses.

s 10
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RELEVANT CUSTS

o Investment
¢ Planaing
¢ Design
e Engineering
¢ Purchase
¢ |nstallation

o Energy
e COperation & Maintenance: Non-Energy
Replacement

e Salvage Value, Net of Disposal

Relevant Costs

o FExplain that listed items contain most corts that might typically be found
relevant.

o, Note that costs are relevant if they ire «aanged by the fnvestment and the
change is significant in amount.
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A

-

NON-RELEVANT COSTS

¢ Trivial in Amount
e Do Not Affect the Decision
e Sunk

e Unchanged

Non-Relevant Costs

o Describe characteristics of non~-relevant costs.

o Fxplain that in making a LCC evatuation only the relevant rosts need be

consldered.

L-9
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TIME VALUE OF MONEY

* |nflation

e Real Opportunity Cost of Capital

Time Value of Money

Fxplain that a given absolute dollar sum of money has different values over
t ime due to inflation and the real opportunity cost of capital.

Inflation is a rise in the general price level reflecting a decline in the
purchasing power of the unit of currency.

The teal opportunity cost of capital (money) Is the real rate of return
avallable on the next best investment.

Use a savings account example to show that S1000 today is time equivalent
to $1100 recelved one year from today when the market rate of interest is
10% per annum. Explain how that market rate of interest the bank pays the
saver incorporates a return both for lending the real earning potential of
the capital and for compensating fnflatlon's crosfon of the purchasing
power ot the principal. Note fuither th o veowues occurring at different
polnts tn time cannot be simply added due to the time value of money.

h—-6
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How Can LCC Increase Savings?

By Showing:

e Which Projects Save More Than They Cost

¢ Which Design/Size Is Most Cost Effective

[ e e e D 'y
~ - v‘_——-«“a—-—-—-.-n-g

r-.\;“.orm_‘ S s B AT AP i tls, WP
-
FE-T Y

e How Much Should Be Spent on Each Project

.rn: -

EE S PO @

¢ Which Proiects Should Receive Priority

N e -

A A 2 3 W LY
e . ¥ - -
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How Can LCC Increase Savings

o Discuss each of the four situations in which LCC analysis can increase
savings, and give examples.

47




When Should LCC Be Used?

o Early —
Potontial Savings Greatest

Costs of Changes Least

L » Repeated At Stages in Design/
g' Construct/Operate Process

Describe under what circumstances LCC analysis is appropriate and elaborate

with examples.

0

4-8 dh
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Where Does LCC Fit Into An Audit/Retrofit
Program?

Preliminary Energy Energy Audit: Retrofit Survey:
Audit: ID Major ID Potential Energy
"wentory | Energy Using |—-| Conservation Options &
and Systems Collect Data

LEnergy Use

SR

e e ey

LCC Analysis: SIk Analysis: Implement Retrofit

ID Cost-Effective Rank
*! Options Projects

Audit/Retrofit Program

o Proceed step-by-step through the flow chart of activities in explaining how
LCC fits into an audit/retrofit program.

4-9
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STEPS IN LCC EVALUATION

Identify Objectives
identity Constraiats

Identify Choices

Estimate Relevant Costs and Savings

Adjust Costs and Savings For Time Differences
Calculate Measures of Economic Periormance
Compare Alternatives

Perform Sensitivity Analysis

Steps in LCC Evaluation

o Explain each step and elaborate on each with an example. Evaluating a
heat ing/cooling system for a building is a good case {llustratlon.

h-10 4 7
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DISCOUNTING

* Present Values

¢ Annual Values

biscounting

Explain that 1ll of the LCC techniques require discounting to put benefit
(saving) ..o cost figures in time equivalent values. The purpose of the
following slides is to (1) define discounting, discount rates, discount
formulas, and discount factors; explain the discounting procedures; and to
show the impact of discounting with different rates.

Define discounting as a method of time adjustment that puts cash flows on a
time equlvalent basis,

Define present value as the value of benefits or costs found by discounting
future or annual cash flows to the present time.

Define annual value as a uniform annual amount over a speclified period
equivalent to project benefits or costs at a point in time,




Slide 11

CASH FLOW DIAGRAM

Replacement
+
Energy Energy Energy
initial + + +
Investment o+M O™ O+M

Cash Flow Diagram

o FExplain the diagram,

o Describe how it can be used to structure a discounting problem and choose
the appropriate discounting formula.

o h-12
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Slide 12

Discounting: To find Equivalent
Values in Time

Steps

1 Determine
» Discount Rate
* Time

2 Insert into
Discounting Formula

3 Apply to
$ Amount

4 Find
Equivalent Value at Desired Time

Discounting: To Find Equivalent Values in Time

o Describe the steps in discounting.

o
)
4-173
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e TP F P\ . P

Discount Rate

to convert savings and costs occurring at

The Discount Rate is a rate of interest used
é different times to a common time.

Discount Rate

o Define the discount rate.

b=-14 I l

P =gy

YLk TN - e




Slide 14

Discount Rates

e Nominal (Market) vs. Real

¢ Determining the Value of
e Examples
e |mpact

" .
Blan--u---u-nnn-'un-n---u-u-uu-w-uvﬁﬁiﬁinuu T T SRS y -
v PO ORI O3 NN I : v NIL

Discount Rates

o Distinguish nominal from real rates.
o Discuss the determination of the rate.
o FExplain that the rate for FEMP is 7% real. " '

o Note that OMB Circular A-94 requires 107 for most non—energy conservatiion
evaluations, aslde from water project evaluations.

y Explain the {impact on net benefits of high and low discount rates.
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~L

Discounting: Comparison of Rates

,‘.i $1 000
900
800
700
600
500

400

300

200

L T AL RIS

100 }— 10% y
#
i ' N I T T A T T S T T T S W i !
o fi 1 2 3 4 § & 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 2R 29 30 ’? 0
:"! Study Period - Years !
.."' ‘\’
[ H
iﬂ' ;
1 Yow vorees s it S LRS! : . } _ U

Discounting: Comparison of Rates

o Show how, for a given discount rate, the value of a dollar recelived farther
and farther {n the future becomes worth less and less in purchasing power
of today's dollar.

o Show how the present value of a dollar received in any given future year
wi1l be worth less in today's dollar terms for higher rates than for lower

rates,

.« Feplatn the implications of different discount rates for energy
conservation programs,

h-16
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Name

Single Compound-Amount
(SCA) Equation

Single Present-Worth
(SPW) Equation

Uniferm Sinking-Fund
(USF) Equation

Unitorm Capitai-Reccvery
(UCR) Equation

Unitorm Compound-Amount
(UCA) Equation

Uniform Present-Worth
(UPW) Equation

Modified Unitorm
Present-Worth
(UPW*) Equation®

Slide 16
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 Application

To tind F when
P is known

To find P when
F is known

To find A when
F is known

To tind A when
P is known

To find F when
A is known

To find P when
A is known

To find P when

Algebraic Formab

F-P (1 + dN|

1
| (1 v N
ar o o ]
(1 + N 1]
,d(r + N
AP'(N)"]
(1 s dN 1]
- N
(red)y 1)
F-A-
Al e
- s AN
N (LRI
| d(1 2 dN |

eyt (o ) (D)

atrate o

Discount Formulas

PRSI IPAIRIBANNGA Ly - Sl v T MEVERR A 7 .

Explain that this set of formulas is used to move values in time, taking
{nto account compound Iinterest.

Direct class to p. 9 of Handbook 135 and the Discounting gsection of the
Workboow for duplicate cables of whst is on the screen and to pp. 10-14 for
problem i{llustrations of the formulas,

Describe sach column of the table and how to find the appropriate formula
for any discounting problem.

Kxplain briefly what each formula does and in what situation it is used,

Work an example on the board for the SCA iactor before moving to the second
row. The yleld on a zero—coupon bond o 1RA makes a pood example.

e
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DISCOUNTING FORMULAS

MULTIPLIER FACTORS

Discounting Formulas/Multiplier Factors

Encourape the use of a multiplier factor derived from the formula for
convenience and speed of calculation.

Illustrate on the board the derivation of the SPW factor from the formula

p o= F ?Tiﬂjﬁ'- Note that a table of values for (T$JTN is calculated for
all likely combinations of d and N, and that the present value ot a future
valie can then be calculated simply by multiplying the future value times
the precaleulated factor. §imilar factors are derived from the discounting
formilas For the other discounting operations.

Direct class to pp. 114-115 of HE-135 for rahles of precalculated factors
for a 7% discount rate,

Direet olass to the tables in the Workhook for discount factors based on
107 amd 7% diseount raves,

h-110




Slide 17 (Cont.)

Il1lustrate the use of the tables with "Problem I[llustrations in
Discounting” in the Workbook. They may be discussed selectively,

but at least cover problems 1, 2, and 8, with the enphasis on the factor
approach. Discuss the notation (e.g., P = F'SPWIOyr,IOZ) associated with
the factor acronymns.

Note that the formulas combining energy escalation and discounting in
problems 7 and 8 will be discussed in detail in a subsequent presentation.




Section 5

Prob'ems: Discourting and LCC Analysis Using Discount Factor Tables

The purpose of this session is to provide a brief review of and practice in
discounting, using the discount factor tables found in the Workbook and in

Handbook 135 for Federal energy conservation projects.

A total of nine short problems are presented in this session. Slides are
provided for the first three problems. The first turee can be worked by the
instructor with class participation. (See the notes accompanying the slide
coples which follow.) The next six problems are found on p. 11-2 of Workbook
Section 11, "6 Problems: Discounting and LCC Analysis Using Discount Factor
Tables.” This set of problems can be assigned for class solution and worked
by the instructor on the blackboard or flip chart. (See notes in this session
under heading, "Problems Worked on Blackboard or Flip Chart."”) Solution

slides are provided for the last of the "6 Problems.”
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i Problem: What is maximum amount that is
economical to spend today in order to avoid a
{replacement cost in the future?

» Replacement Cost: $10,000 (Constant )

e Replacement in 6 Years

e Discount Rate: 7%

problem:  What is Maximum Amount that is Economical to Spend Today
in Order to Avoid a Replacement Cost in the Future?

Sote that this is like the future cost problem presented in the preceding
leeture on discounting, except that it is worked in a way more charac-
{oriatic of an actual prohlem,

[

Mot the assamptions,

Al how the quest fonn can he answoerted,

I3
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Solution

xplain that the question can be answered by solving for the present
value of replacement cost,

Go through the calculation procedure, asking for values to insert in the
equat ton,
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Solution

Maximum Amount = PV,

PV, = R x SPW

$10,000 x  0.67
(Table A-1)

$6700

Solution
o Go through the solution.

5 Discuss the concept of equivalency between the present value amount
and the future value amount.
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Problem: Present Value of Energy Savings

® Annual Electricity Savings: $600
® Savings Over 25 Years
® Discount Rate: 7%

Electricity Price Escalation Rate:
5% Compounded Annually

Problem: Present Value of Energy Savings
o Discuss the agsumptions.

o Ask how the problem can be solved, {.e., what formula is needed.

£
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PV = AES x UPW*
(AN - ) —

PVyg = — X —

pRs——-—

Solution

o Note the foruula.

Go through the calculation procedure, asking tor values to insert in

the equation.

0




Solution | ypw+ (1 +Qe)
i —e

[ -]

PVes = AES x UPW*

|- ()l - (i) - o

R H
d |

PV, = $600 , 19.74
— $11,844

Solution
0o Go through the solution.
o Discuss the time-equivalency of values.

o Discuss how the present value number might be used.

(3
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Problem: LCC of Energy Savings

e Annual Electricity Savings: 100 x 10° Btu
e Savings Over 10 Years

e Building: Use — Offices
Location — Los Angeles

e Discount Rate: 7%

problem: LCC of Energy Saviags

o Discass how the price per unit of energy {s found. Explain that the
Federal LCC Rule originally instructed agencies to use the DoE average
regional price per unit us piven in the appropriate Appendix C table of
Handbook 135 as the initial price of energy, but that the revised LC( Rule
directs Federal agencies to use thelr actual price per unit of energy as
the initial price if they have it, and to usc the prices from Appendix C
only as default values. Point out that since no actual price was
gpecified in the assumptions, the default value from Tahle C-9 ot $19.84

will be used.
Diecuss how the appropriate UPWX factor {5 fonnd, (8,29 from Table B-9
of Handbook 135.)

-8
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Solution

MBtu Saved/Year x $YMBtu x UPW*

Solution
0o Discuss the assumptions.

o Ask how the problem can be solved.

59 to
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Soluiion

MBtu Saved/Year x $/MBtu x UPW*

—
Q
O
&
I

100 x _%i9.84 x 8.25
(Table C-9) (Table B-9)

Solution

0 Go through the solution.

o Explain how the UPW* factor was calculated, using the formula in the
footnote to the Appendix B tables and the multi-per. od escalation
rates found in the last three columns of Table C-9. (If time allows,
show the calculation of the 8.25 UPW* factor on the blackboard or flip
chart while the solution slide remains on the screen.)

o If Appendix B and Appendix C tables have not yet been updated, explain how
the existing UPW* factors are calculated with mid-1981 as the base year.

o Discuss how the resulting present value amount might be useful.

o h-10 bt




Problems worked on Blackboard or Flip Chart

(o]

(o]

Ask participants to turn to page 11-2 of Section 11 of their Workbook,

"6 Problems.” (Problems #1-5 are to be worked on blackboard or
flip chart.)

Allow them time to read and work a problem, ask for the answer, and then
work the problem on the blackboard or flip chart.

While they are working, diagram the cash flow on the board or chart.

For each problem, discuss time-uquivalency concept.

[The problem sheet and solutions follow.]

6/




6 Problems: Discounting and LCC Analysis Using Discount Factor Tables

[These are hypothetical examples intended only to 11lustrate the techniques.|

1. What is the estimated 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 L. the equivalent annual value?

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

3. What is the estimated present value today of electricity costs for
powering a motor in a Washington, 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 kWh? What is the equivalent
anrual value?

; 4. 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 Bostonm, given that the curreant 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!?

5. What is the DoE-projected average U.S. price per cubic foot of natural
gas for commercial-type use in mid-1983?

6. What is the total present value cost over its useful life of purchasing,
installing, operating, maintainlng, and, finally, disposing of a heat
pump for a house on a military base in Washington, D.C. given tLie
. »1lowing assumptions:

o Initial purchase and installation cost = $1,500

o Annual maintenance cost, constant $ = $50

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

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

o Useful life - 15 years

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

5-12




Flip Chart or Blackboard Solut!z:s to Problems 1~5

$10,000

1 .
3

Sepm

5

PV = F X SPw(Syr,7Z)
= $§10,000 X 0.7130%*
= $7,130

* WOrkbOCk p. 2-5.

Discount factors from Appendix A of Handbook 135 are

rounded to two decimal ,laces, so they yield less precise answers,

$7,130 Aj] Av/] \Av \§}] v/
| o
0 1 2 3

4 5

AV = p X UCR(Syr,7Z)
= §7,130 X 0.2439

= $1,739

10,000

;Nﬂ
5

$
Kijz \iy/ \§7/ \Qy/
4
1 2 3 4

0

AV = F X USF(5yr’7z)
= $10,000 X 0.1739

= $1,739

-~

-~




\py/ 1,000 1,000 1,000 1i00 1,000 1,000 1;(1(20
0 1 2 S S S C OO

PV = AV X UPW(20yr,7%)
= $1,000 X 10.59

= $10,590

-——

. e e e et - ——

[Note that the cost is given as an annual value in the problem statement, and
demonstrate how the present value can be converted back to an annual value

basis.]

510,1510 AV v ' §AV? ' v (;AV-?
R ) 3 Z 5T T 20

0

AV = PV X UCR(20yr,7%)
= $10,590 X .0944

= $1,000

H-14




3y,

(S480¢ =)

\&? 480(1+e )t 480(1+e)) 2 480(1+e;)3  480(1+e))4(1+en)] 480(1+e )4 (1+ey)5(1+eq)t

15

P
0

e s 5.29% (Table C"3, P 136)
oo = 0.06% (Table =1, p. 136)
ey = 0.14% (Table C-3§ p. 136)

[Note that 1f UPW*'s in handbook 135 are =('11 based on 1981 as base year, oy 1=
y 1

/,

1.4 4 years rather than 2.]

PV = 3/Unit X Units X UPWX()5yrg 7% Dokd,Com,x1.) (¥able B=3, p. 120)
= SOL,00 kW X A 0 11,07
= $5,314

AV = 0oV X UCR

i1

$5,314 X ,1098

4

5583

[Note time-equivalencies and implied trade-offs between first cost and energy
costs or annual non-energy costs and energy costs, |




4.

(513,000)
ov/  13,000(1+ep)! 13,000( 1+ey )2 13,000(1+g1)4(1+e2)5(1+e3)16
0 . l 2....Oi‘.‘ﬁ...'li..................zs
el ""2.51z
ey = 2.66%
e3 = 60392

PV = Price/Unit X Units X WPW*(25uy5 7%,Com,Dis)
- §1.30/gal X 10,000 gal X 17.77

= $231,010

AV = PV X UCR
= §231,01C X .0858

r $19,821

oo bbb

o Ns
‘ ('3




Explain that avervage U.S. price projections are found in Table 0-11,
p. 144 of Handbook 135.

Ask how the 1981 price might be updated using the data in Table C-11.

Daerive the mid-1983 price from mid-1981 price as follows:

1 2
I/"‘\—/ \\.»4\/ PSS, k,,‘l
1981 ‘T%z 71983

From Table C-11, e) = 8.85%

1983 = Plog; X (l+e))?
= $0,004/ft3 (1+.0885)2

= $0,0047

L
‘, 0




Slide 10

RESIDENTIAL HEAT PUMP IN WASHINGTON, D.C.

Discounting iliustration
Initial purchase and installation cost $1,500
Annual maintenance cost, constant $50
Compressor replacement in 8th year, constant $400
Annual electricity costs, valued initially | $800
Salvage value $250

Useful life 15 years

Residential Heat Pump [n Washington, D.C.

~

Kxplain that Problem #6 of Workbook Problem Set A has a number of
dfferent cash flows.

n Ask them to compute a total present value cost for the heat pump.

o Node that salvape value 1s a positive cash flow,

SRR




Slide 11

Find Present Value of Annually Recurring Maintenance Cost
o Show the approach,

o Ask for angwer.
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Find Present Value of Annually Recurring
Maintenance Cost

$50 $50 $50 $50 $50 $50 $50 $50 $50 $50
L

ﬁ12 3 4 5 6 7 8 15

PV, = M x UPW

PV, = $50  9.11

= $456

R A it S e Bl Emtm e om

LR

Table A-2, LCC Manuai

Find Present Value of Annually Recurring Maintenance Cost

o Give solution,
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Find Present Value of Replacement Cost

$400

S B

7 8 15

PV = R x SPW

)

L et :/
-_—

Table A-1, LCC Manual

tind Present Value of Replacement Cost
o Shoy approach.

o Ask for inswer.




Slice l[‘

Find Present Value of Replacement Cost

$400

R S Y NS N N SN N D S

.ﬁ12345678.”15~

PV, = R x SPW

PV, = $400 5 0.58

= $232

? -.» Table A-1, LCC Manual

Find Present Value of Replacement Cost

n Give solution.
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Find Present Value of Energy Costs

$800 $800 $800 $800
o) (1 x)“ (1+)§)“ (1x )15
(1+0) +0 +0
Y N I T N B TR
AN! £ 3 4 5 8 7 8 15
PV,

Table B-3, LCC Manual “

Find Present Value of .nergy Costs
o Show approach.

0 sk for answer,

©

ERIC

Aruitoxt provided by Eic:
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Find Present Value of Energy Costs

$800 $800 $800 $800
X X X X
(1+e)! (1+e)8 (1+e)'? (1+e)'°

15

E, x UPW,*

_ $800  11.07

_ $8856

Table B-3, LCC Manual

Find Present Value of Energy Costs

o Give gnlution,
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Find Present Value of Salvage

Table A-1, LCC Manual

Find Present Value of Salv.ge
o Show approach.

o Ask for answer,

ERIC

Full Tt Provided by ERIC.
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Find Present Value of Salvage

PV, = S x SPW

PV, = $250 x 0.36

- $90

Table A-1, LCC Manual

Find Present Value of Salvage

o Give golutlon,
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Find Present Value LC2

LCC =1 + PVy + PVg + PV, - PY,

Find Present Value LCC
o Show approach,

o Acle oy answer,

o38!
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Find Preseni Value LCC

LCC =i + PVy + PVy + PV, - PV,

LCC,,p= 1500 4 456 , 232 ;8856 _ 90 - $10,954 |

Find P.esent Value 1.7°C

o Give solution.




Section 6
Presentation:  LCC, N, BCR, SIR, TRR, and PB Analysis
The purposes of thils sessien ave to (1) identify the conveational econom
evaluation methods that are generally applied to building-related decisions,
(2) present and expiain tor each method the formulas for calculating economic
measures of a project’s worth, and (1) recommend appropriate economic

methods for the various economic decisions made Ly the building community.

e RRY




MEASURES OF ECONOMIC
PERFORMANCE

Total Life-Cycle Costs (TLCC)

Net Savings (NS)
Savings-to-Investment Ratio (SIR)
Internal Rate of Return (IRR)
Payback Period (PB)

e Simple (SPB)
e Discounted (DPB)

Measures of Teonomic Performance
o Presenc Introduct Ton,
Tdent bty ovach of the Y meanures.

o Glve a el exauple of thelr ase,

O 2

56
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TOTAL LIFE-CYCLE COSTS (TLCC)

TLCC = I-S+M+R+E

Total Life~-Cycle Cests (TLCC)
o Fxplato the equat {on,
o Note that all ftems are assamed to be discount od.

o Fxplain how alternatfve boilding deslyns or difterent R vialuee ot
insulacton couid bhe comparcd using the TLECC met hod,

o Reter the class Lo ppa 16 and 17 40 Handbook 135 for etaborat Taa on (e
FLOC met hod,

()"L 3 ) {




e hp o s T m e

el e NI @R o PAF A,

“- mdwa -

. AW AT,

W

oA

o)

)

o)

NS = TLCCwo ~ TLCCw

! Net Savings (NS or TLCS)

Explatn the equat fon.

Foaplitn how the fnstallatfon of
N

NET SAVINGS (NS or TLCS)

« heat pump can be cvaluated by calculating

boter the claas to pp. U7, 18, and 19 of Handhook 139 t v elaboration on

t he 49 et hod,

b \gj ‘




’

Savings-to-Investment Ratio (SIR)

Fxplafn equat ion.

Discuss why each term Is 1n denominator or numerator. Assuming that the
fnvestment objective is to maximize the return on the capital bud)et, cost
items in the current or operating budpet are placed in the numerator, and
those in toe capital budget in the denominator.

Lapladn bow alteruat tve conservatton investments in building:. coul) he
cvaduated with the STR method,

Sote that the answer fas oa rat To, and 1o conceptually it Is equivalent to
Phe beaet it to cost ratio where bene g ts would be cqulvalent (o savings,

Peter the class to pa 19 of Handbool 139 for an elaborat ion of the SR

me el
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Simple Payback (SPB)

_ Project First Costs
Yearly Savii.gs

SPB

Simple Payback

Foplaio the tormala.
te that the answer by dn s,
Ko bain how SPRoconld be Gesed v oovalunte a retrof it controi Aevicae,

P i he madn shartoom pyg: (1Y ferms are not discounted, and (7)) net
cavinys e ipavred bevoad ihe o vbhack year,

ol the cians ta np. JO=01T of andbook 135 Tor etaboratien of the

SRR et brovd o

I 1Y

S /
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DISCOUNTED PAYBACK (DPB)

Find y such that

y
2 (AEj — AM; — ARj + AS)) = 4,
i=1

. B v =N v, *am- o . . 1
T A B e . O B N AT VR T S A ST S V-
il - 1 :
Discounted Pav el

o e baba the s guation,
it that tie avvwer s 0yl g, years,

Bose “ithe advantapes: (1) discount Byoos ancloded,) and (0) aneven vearly
. |
cash ftltows are allowed Tor,

o Describe maln shortcoming that net savimis are dpnored beyond 14
Viergy

pavh.ick

o Reter the olasys to Ppe JO0-21 Gt Handhbook 13y 1o claboration of th. ypre
method,

91
Hh-/
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. A |

S R e,

o
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Do i b how cach tlll\'h‘tir'n‘_ con b

oedterate

viehds

o

Slide 7

RECOMMENDED APPLICATIONS

Q
o
-l v « 1]
- Z O o
HOW Do Savings and Costs Compare ?
Much Should be invested ?

Do Competing investments
Compate on a Limited
Budget

Soon Do Savings = Investment

t hat
ratio

Recomnendod Applications

Phe TLeC and NS methods yiold dolblar values, whereas

. addressed by the foar amethods.

and the PB the number of years to payofl:.

t he

SIR




Section 7
Slide Presentation: Pipe Insulation Retrofit Problem
The purpose of this session 1s to demonstrate the use of the economic
evaluation methods described in the preceding sessions in a practical problem
of energy conservation. The sesslion is based on the Pipe Insulation Retrofit

Problem in Section 5 of the Workbook, entitled Project Selection.

Ask the class to turn to that section of the Workbook and £ollow a’ong so

that the material will be familar as a reference guide to project selection.

/! g3




Slide 1

Life-Cycle Cost Evaluation
! of a Proposed Retrofit
I | |Bulldlng System™, |

S A

— ThS s
o P Ta e A A~ W L

1l o " (-
'.

Life-Cycle Cost Evaluation of a Proposed Retrofit Building System

o FExplain purpose of the sesslon,

o Direct the class to the Problem Illustration in Geeion 5 of the Workbook,
Project Seleefton,

91




Sltide 2

LCC PROBLEM

Insulation of Bare Hot Water Pipes
ina
Federal Laboratory Facility
in
Massachusetts

\ e Cost Effective?
e How Much?
R Project Priority?

LLCC Problem

o kxplatn the problem and wnat i1s to be decided.




0

0

Slide 3

Problem Assumptions

Quantity Uninsulated Pipe: 100 Ft/Bidg x 10 Bidgs = 1000 Ft
Water Temp: 18C°

Pipe Size: 1 12” Diameter

Operation: 4 Hrs/Day x 260 Days/Yr = 1,040 Hrs/Y
Energy Systen:: Distillate Fired Boiler; .55 Efficiency
Remaining Building Life: Indefinite

liwestment Life: Indefinite

Available Alternatives: 1” Insulation
or
2” Insulation

Problem Assumptions

Review the problem assumptions.

Explain that in a real application, one would look for other congervar bon
alternatives, such as reducing the water temperaiare of Pacseautage The
of ficiency of che plant, However, {n this example, i by assamed thod

there are no other alternatives,




{

‘
ﬁ
.l
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+

0

Slide 4

Annual Energy Savings {10¢ Btu)

AES = (AHLR/hr/ft x hrs x ft)leff. x 108

1” Insulation

AES,. = [(150-20 Btu/hr/ft) x 1,040 hrs x 1,000 t}/0.55 x 106
= 245.8

2 Insulation

AES,. = [(150-12.5 Biu/hr/ft) x 1,040 %¢s x 1,000 ft1/0.55 x 108
= 260.0

Annual Energy Savings

Direct the class to Step 1 of the Workbhook problem solution: Calculate the
quant ity of annual energy savings for the alternative sizes of insulatfion.

Explair the equation.
Direct them to the Nomograph in the Workbook which shows the heat loss
rates for various pipe sizes, f{nsulation thickness, and water

temperatures,

Explain rhat this nomograph 1s an example of an existing estimat fng ald
that can preatly reduce the evaluation time,

7-5 4/
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LCC PROBLEM SOLUTION — ESTIMATION
OF ENERGY SAVINGS

Determine Heat Loss Rates With & Without Insulation:

¢ Uninsulated Pipe: 150 BTU/hritt

e 1" Insulated Pipe: 20 BTU/hrlft

¢ 2" Insulatod Pipe: 12.5 BTU/hr/ft

LCC Problem Solution -- Estimation of Energy Savings

o Explain how the nomograph is used to derive the heat loss rates given in

the preceding slide.

Qo 7-6
LRIC 98

Full Tt Provided by ERIC.




Slide 6

Energy Price & Discounting Data

® Ager.cy Price of Distillate — $9.00/10° Btu

® Distillate

® 25 Years UPW* = 17.77
® DOE 1 (Table B-1, LCC Manual)

® Commercial

Energy Price and Discounting Data
0 Refer the class to Step 2 of the Workbook solution.

0 Point out the need for an initial energy cost per unit and a UPW* factor to
estimate the present value of savings.

[ 99
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LCC Energy Savings (Present Value $) -
ES, .. = AES x $/10°Btu x UPW*

1” Insulation

ES cc,. = 2458 x 10° Btu x $9.00/10° Btu x 17.77
= $39,311

2” Insulation

ES ccn = 260.0 x 10° Btu x $9.00/10° Btu x 17.77
= $41,582

¢
g

S
LCC Energy Savings

o Review calculation procedure.

o Ask class if the questions can be answered yet.

7-8
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Slide 8

ESTIMATION OF INVESTMENT COST (I)

Teble H-1. Costs ot Insuleting Verious Pipe Slsse

Tnstoll 1 ront/Linest Foot of Pipe lnsulacion® | = Pricelft x ft x FEMP
toa | demmemin | ddaniEmn Adjustment FACTOR

11 $2.00 $).10
e 2.10 3.0
1 2.20 413

L 2.40 Lo 1,000 ft of 1" Insulation:

1-112 2.30 8.3 B
e s l,.= $2.50/ft x 1000 ft x .9
) 3.10 5.43
R 1-112 1.40 s.80 = 32,250
.90 s.40
.30 1.20
.80 1.8

. e o 1,000 ft of 2" Insulation:

Soul—_. Mechanicel and Elecericel Cost Duce 1979, B.5. MRANS Co, lec. '2- = 34.55’ﬂ X 1000 ﬂ X 09

* Thass aro evernge (netellation cosre, including !eber sad weteriel, - 84 095
for pipe locutad in sccessible sress. Inaccossibilicy would couse - [
tncrcasse in coera.

Estimation of Investment Cost
o Refer the class to Step 3 of the Workbook solution and to Table 5-1.
o Point out that this is cost data from a MEANS Cost Estimating Mauual.

o Fxplain that the FEMP Adjustment Factor (i.e., 1.00-0,10 = 0.9) is a rough
proxy for social benefits from energy coniervation which are not fully
reflected by market pricey of energy. It was mcdeled after the 10%
business tax credit for energy conservation investments that was in effect
at the time this rule was developed. 1t is regarded as temporary and will
likely be dropped at som2 point.

o Discuss {ts shortcominge.

7-9
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». LCC Net Savings

NS = ES ¢ —!

1” Insulation
= $39,311 —$2,250 = $37,061

2” Insulation
$41,582 — $4,095 = $37,487

1.CC Net Savings
o Refer the class to Step 4 of the Workbook “solution.
o Ask if it is estimated to be cost effective to insulate the pipes.
‘ o Ask why.

o Ask how much —- 1" or 2" —- appears to be best at this point, noting in
response that 2" appears preferred because it results in higher net
gsavings.

7--10

ERIC 102

Full Tt Provided by ERIC.




Slide 10

LCC EVALUATION

c 150 Btu/hr/ft - 1,040 hrs - 1,000 ft
BC ™ 0.55 - 10 6Btu
= $45,362 !

1
A

. $9.00/10%Btu - 17.77

20 Btu/hr/ft - 1,040 hrs - 1,000 ft
0.55 - 105 Btu

LCCpy = [ - $9.00/10° Biu - 17.77] + $2,250

= $8,298

12.5 Btu/hr/ft- 1,040 hrs - 1,000 ft
0.55-10° Btu

LCCpq,-= [ - £9.00/10°Btu -17.77]+ $4,095

= $7,875

LCC Evaluation

Refer the class to Step 6 in the Workbook solution, noting that the net
savings method was adequate for addressing the question of cost
effectiveness and that it would not be necessary to verify the answer by
the other techniques. Rather, the purpose is to illustrate their use.

Go through the LLCC evaluation.

Ask what the results indicate.

103

7-11




Slide 11

SIR EVALUATION

SIR

[ (150-20 Btu/hr/ft) - 1,040 hrs - 1,000 ft
.

* 6 .1 —_—

17.47

(150-12.5 Btu/hr/ft)-1,040 hrs-1,000 ft
0.55 - 106 Btu

-59.00/1063tu-17.77] ~ $4,095

10.15

SIR Evaluation
o Go through the SIR evaluation.
o Ask what the results indicate.

o Point out the apparent contradiction between the sizing decision supported
by NS and LCC and that supported by SIR.

o Tell them that we will return to that matter shortly.

o 7-12 104
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DPB EVALUATION

Y
3 ES - |
j=1

T,

1!! 2”

—

$-2,250 $-4,095

2,124 2,246 -126 -1,849

4159 4,399 1,909 304

DPB Evaluation

0o Go through the DPB evaluatior.

o Ask what the results indicate.

" o Poiunt out that the DPB indicates a slzing choice consist nt with the SIR.

7-13 A 105




Slide 13

SIZING

(()__'_1ss)
17.47

(1”_’2”)
1.23

Sizing

0 Now address the issue of sizing, referring the class to Step 7 in the
Workbook solution.

o Note the change to an incremental SIR for sizing, explaining the
deficlencies with using SIR's based on total values for sizing decisions,

5 Note that the three methods are now in agreement as to the cost-eflective
thiclkness of insulation, 1f there is no budget constralnt,
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' oy
! .:;»j

For Sizing: Incremental SIR Must Be Used

SIR,, = $39,311/$2,250 = 17.47
SIR,, = $41,582/$4,095 = 10.15

SIR,._,. = ($41,582 — $39,311)/($4,095 — $2,250)
= $2271/$1845 = 1.23

For Sizing: Incremental SIR Must Be Used

o Refer to and discuss material entitled "Incremental SIR (ASIR) Evaluation”
in Workbook following Step 8.

,.
. , s 107




RANKING
PROJECTS

A (O—-1" insulation)
B (12" Insulation)
C

O Mmoo

-

o Refer the class to Step 9 of the Workbook solution.

Slide 15

SIR

17.47
1.23
115

15.50

25.00

12.52
0.75

Rankiag

PRIORITY

- W OO O

4
Not acceptable

o Explain that you would like to present two alternative approaches and

discuss the pros and cons of each.

o Explain and discuss the approach of simultaneously sizing and ranking

projects.

©

ERIC

Aruitoxt provided by Eic:

7-16
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RANKING
r~0JECTS PRIORITY

A (0—+=2" Insulation)
C

D

E

F 3
G Not acceptable

Ranking

o Explain and discuss the approach of just sizing the project independent of
other projects and the budget constraint and then ranking the project.
(The relative merits of the two approaches are discussed briefly in the

Workbook.)

ERIC

Full Tt Provided by ERIC.




Section 8
Programmable Time Clock Problem (40 Minutes)
The purposes of this prcblem are (1) to give the class their first solo
experience in the seminar in calculating net savings and the SIR for a
realistic investment, and (2) to give them practice using the worksheets
supplied in the Manual. This 18 a "real-world” problem in that the building
and conditions described are for a real building in Texas. The decision to

buy a programmable time clock was based on the evaluation shown here.

Allow the class a couple of minutes to read the problem. Explain the purpose
of the exercise as described above. Ask for questions. Have each of the
class members proceed through the worksheets. Intervene after an appropriate
work time between each worksheet to explain how the figures in the blanks weare
calculated. (Note the Remarks to Help the Class.) Encourage class

participation by asking participants how they arrived at particular numbers,

Conclude the problem with an analysis of Net Savings and the SIR. Discuss

with the class under what conditions the time clock would be cost effective

with the computed SIR value. Answer any questions.

B-1




Programmable Time Clock Prolt em

Problem Statement: An energy-conserving retrofit is being considered for the
Federal office and courthouse butlding 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 programmablz2
clock would reduce by 80 percent the current after-hours electricity
consumption of 323,220 kWh per annum.

SN
The price of electricity to the agency fs $0.0373 per kWwh., 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 associated with either clock.

Determine: 1Is the proposed time clock retrofit cost effective?

PR
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4

Programmable Time Clock

Remarks to Help the Class

The UPW* factor of 12;?2 is found on page 123, Table B-6, under

/
N=20), for commercial QUildings using electricity.

An 80% cut in electricity consumption will leave an annual

consumption of 20% of the original 323,200 kWh (i.e., 64,644 kih).

n oA 112




Problem Solving
With LCC 'Worksheets

H-4
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PROGRAMMABLE

TIME CLOCK PROBLEM

111
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Identifying Information

Bullding:

Location Houston, Texas
DOE Region 6

Use Offices and Courts
Type Commercial
Life 20 Years or More

Project Replace Time Clock
Project Life 20 Years
Study Period 20 Years

8-6




——

Type

Annual
Quantity

Slide

Unit
Price

Cost/

Year

uPw*

A. Energy Costs Without Retrofit

PV
Costs

Electricity

323,220 kWh

$0.0373/kWh

$12,056.11

12.92

$155,765

Demand

Time of Day

Contract
Capacity

Other

Total

$155,765

B

116
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B. Investment Costs Without Retrofit

(1) Resale, Salvage, Reuse Value $0

(2) Renovation Costs $0

£-8 l l ?
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C. Annual Nonfuel O&M Costs
Without Retrofit

(1) (2)
Amount UPW

~ 115




Slide 7

D. Nonannual O&M, Replacement, and
Salvage Without Retrofit

(3) (4) | (5)] (6) (7) (8)
Replacement|Salvage |SPW PV PV PV
Costs Value O&M | Replacement |Salvage

8-10

“RIC 119




Slide 8

E. TLCC Without Retrofit

(1) PV Energy $155,765
(2) PV Investment

(3) PV Annual O&M
(4) PV Nonannual O&M

(5) PV Replacement
(6) PV Salvage
(7) TLCC

120




Annual

F. Energy Costs With Retrofit

Unit PV
Quantity Price Costs

Electricity| 64,644 kWh |$0.0373/kWh| $2,411.22 $31,153

Demand
Time of Day

Contract
Capacity

$31,1583

R .- o

-

21
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G. Investment Costs With Retrofit

(1) Actual Costs

(2) Adjustment Factor
(3) Adjusted Costs
(4) Renovation Costs
(5) Adjusted PV

8-13

122

$9,000

0.9

$8,100

$ 0

$8,100




Slide 1l

H. Annual Non(hel O&M Costs
With Retvofit

(1) (2) (3)

Amout.t UPW PV
- | Costs

$0 $0

8-14 ]2
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. Nonannual O&M, Replacement, and
Salvage With Retrofit

(3) (4) | (5) ] (6) {7)
Replacement|alvage [SPW| PV PV
Costs Value O&M | Repleccoment




Slide 13

J. TLCC With Retrofit

(1) PV Energy “ _$31,153

(2) PV Adjusted Investment $ 8,100

(3) PV Annual O&M $

(4) PV Nonannual O&M

(5) PV Replacement

(6) PV Salvage

(7) TLCC




Slide 14

K. Net Savings of Project

(1) TLCC Without $155,765

(2) TLCC With $ 39,253

(3) Net Savings +$116,512




Slide 15

L. SIR

(1) Numerator

(a) A Energy Cost $124,612
(b) A Nonfuel O&M $ 0
(c) Numerator $124,612
(2) Denominator
(a) A Investment $ 8,100
(b) A Replacement $ 0
(c) A Salvage $ 0
(d) Denominator $ 8,100
(3) SIR 15.38

B8
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Section 9
Backup Problem: New Building Design Problem (25 Minutes)
Time permitting, this problem can be presented at the end of Day l. The
problem illustrates how life-cycle costs of alternative building designs can
be used to calculate the present value of net saQings from choosing one design
over another. It also illustrates that, among designs very close in
life-cycle costs, there may still be a atrong economic argument for selecting

one over another,

Allow the class a few minutes to read the problem. Explain the purpose of the
exercise as described above. Emphasize that the two designs are equivalent in
space and functional performance, and that the primary criterion for
comparison in this problem is the comparative life-cycle costs. Ask for any

questions,

Have the class members proceed individualiy through the work sheets. Suggest
that the figures for each of the two designs be placed in one sét of
worksheets, listing numbers for the energy-conserving design first, and
listing in parentheses numbers for the conventional design directly beneath
them. Intervene after an appropriate work time between each worksheet to
explain how the figures were calculated. Ask for volunteers to describe how

they arrived at their numbers before explaining the computations.

Elaborate on how to evaluate the project with the net savings .nd SIR
technfques when discussing the TLCC summary schedule, slide 6. (See Remarks

to Help the Class, Slide 7.)

Conclude by summarizing the purpose of the problem and asking for any

quest Lons.,
9-1
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New Building Design Problem

[Note: This 18 a hypothetical example intended only to illustrate the
technique.]

Problem Statement: An energy-conserving building design is being considered

as an alternative to a conventional building design for a Federal office
building in Madison, Wisconsin (DoE Region 5). The two designs are
approximately equivalent in total assignable and auxiliary spaces and 1in
functional performance with respect to the purpose of the building. Each has
two underground levels for parking and seven office floors, plus a mechanical

house. Each has a floor area of approximately 176,000 f£e2 (gross).

The two designs differ primarily in the envelope, building configuration,
orientation, and Mghting systems. The energy-conserving design is slightly
elongated on the east-west axis for greater exposure of the south side to
golar radiation. The window area of the energy-conserving design is 25
percent of the wall area and most of that is located on the south side; in the
conventional building, it 1is 40 percent. More massive exterior 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 1s earth beimed. It 1is assumed
that both designs will last at least 25 years, and, for lack of a good basis
for projecting differences in thelr salvage values, they are both assumed to

have no salvage value remaining at the end of the 25~year study period.

Following s 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 acquisition cost of
$.00,000 1is 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
Costs:

(c) Annual Energy Consumption:

Natural Gas 2,290 x 1008ty 4,980 x 1068ty
Electricity 3,866 x 100Btu 7,277 x 1098ty

(d) DoE Energy Prices:

Natural Gas $ 3.84/10%tu $ 3.84/106Btu
Electricity 15.67/106Btu 15.67/106Btu

(e) Nonfuel O&M Costs:
Recurring Annual Cost: $70,000 : $90,000

Repairs tu External Surfac-s $60,000 $100,000
Every 10 Years:

Which design has the lowest life-~cycle cost?




Slide
Number

New Building Design Problem
Remarks to Help the Class

Slide Title

Investment Costs

The energy conserving design has an actual cost of $9,880,000, the
sum of $100,000 in site acquisition costs and $9,780,00C in design

fees and construction costs.

Note that the differential investment costs ($9,880,000-$9,130,000
= $750,000) represent investment costs for energy conservation and
therefore are subject to the .9 adjustment factor. Multiplying
actual costs for each design in Slide 3 by .9 and entering those
adjusted values in line 2 of slide 6 1s mathematically equivalent
to adjusting the $750,000 extra costs for conservation by .9.
Either method adds to the TLCC with energy conservation an adjusted

investment of $675,000.

Nonannual, O&M, Replacment, and Salvage

Repalr costs that occur every 10 years are discounted to present
value with the SPW factors found on page 114 of HB 135, for N=10

and N=20.

9-4
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New Building De:ign Problem (Cont.)

Remarks to Help the Class

Slide
Number Slide Title
7 TLCC

After discussing the figures shown on slide 6, ask the group what
net savings would be. Subtracting TLCC of the energy conservation
design from the TLCC without the conservation design (i.e., of the

conventional design) gives a net savings of $542,355,

Ask the group if the net savings justify the extra first costs for
the energy conserving design. Whereas the TLCC of the two designs
are very close, point out that the total savings ($1,217,355)
generated by the energy design from reductions in energy costs
($953,555), annual 0&M costs ($233,000), and nonannual O&M costs
($30,800) are substantially more than the extra investment
($675,000, adjusted) required to generate them. Thus, a SIR of 1.8
($1,217,355 + $675,000) suggests the energy conserving design 1is

quite cost effective, assuming no budget conutraints are binding.
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{ Slide 1

NEW BUILDING DESIGN

PROBLEM




Slide 2

Identifying Information

Building:
Location Madison, Wisconsin
DOE Region 5
Use Offices
Type Commercial

Project Energy-Conserving Design
Project Life At Least 25 Years
Study Period 25 Yeers

7 1341




Slide 3

A. Energy Costs

Type Annual Unit Cost/ PV
Quantity Price Year Costs

3,866 x 10° Btu $ ©0,580.22 $ 862,057
Electricity| 7’277 x 10°Btu) | $13:67/19°Bt | 13414,030.59) ($1,622.655)

Demand

Time of Day

Contract
Capacity

Other

2,290 x 10° Bty $ 6,793.60 $164,264
(4980 x 10°Bty) | $3-84/10°Blu | (5,9 12320 ($357.221)
$1,026,321

($1,979,876)

9‘“8 4
@~ l J 5




Slide 4

B. Investment Costs

$9,880,000

(1) Actual Costs _(_9}9,130,000)

(2) Adjustment Factor 0.9

$8,892,000

(3) Adjusted Costs ($8,217,000)
136
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Slide 5

C. Annual Nonfuel Q&M Costs

(1) (2) (3)
Amount UPW PV
Costs

$70,000 $ 815,500
($90,000) 11.65 ($1,048,500)

910
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Slide 6

D. Nonannual O&M, Replacement,/
and Salvage -

20! (4) | 1s) | te) (7) (8)
O&M |Replacement|Salvage |SPW| PV PV PV
Costs Costs Value O&M | Replacement |Salvage

$ 60,000 $30,800
{$100,000} ) ($61,000)

$ 60.000 $15,600
{$100,000) ' {$206,000)

G- 13
ERIC 13

Aruitoxt provided by Eic:




Slide 7

PV Energy

PV Investment
PV Annual O&M

PV Nonannual O&M
PV Replacement

PV Salvage
TLCC

Q-2

134

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

$ 8,892,000
($ 8,217,000)

$ 815,500
($ 1,048,500)

$ 46,200
($ 77,000)

$ C

$ 0

$10,780,021
($11,322,376)




Section 10
Slide Presentation: Determining Project Priority: A Comparison of Ranking
Methods (20 minutes)
The purposes of this session are to (1) describe how to use the SIR
method to select the combination of projects that will maximize total net
savings for a limited budget and to (2) demonstrate that the SIR method is the ‘

best ranking method in evaluating projects when the objective 1is to achieve
method's superiority over the "109® Btu/$1000 of investment" (Btu/I) method and

the Net Savings (NL) method is illustrated by using each of the three methods

the maximum net savings or net benefits for a limited budget. The SIR
to select among four projects competing for a limited Ludget and then

computing the NS for each package of projects.
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Slide 1

DETERMINING
PROJECT PRIORITY

Determining Project Priority

o Présent the introduction.

10-2 li 1




Slide 2

SIR RANKING

Project A

Project B

Project C

Project D

Project E

Dollar Investment

SIR Ranking Bar Chart

Descrlbe the bar chart. Give examples of the types of projects that might
be represented.

Explain why the SIR method is recommended for establishing priority when
the budget 1s limited.

Note that SIR 18 recommended for the FEMP.
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Slide 3

'SIR RANKING -

A

N

SIR Project A

Project B

e

Project C

ProjectE

|
I
|
|
|
| Project D
|
|
|
|
|
¢ 1.0 |

Dollar Investment

|
! | - Budget

SIR Ranking

o Explain the budget line,

~ Describe the implications of budget shifts.

Q 10~4 1 4 .‘}




Slide 4

For Ranking -- Why not Btu/l or NS?

MBtu PV
SAVED SAVED

11 20.0K
1,000 16.9K
214 11.0K

258 11.5K

Why No. Btu/I or NS?
o Describe the ' u/I and NS measures.
o Explain the table figures.

o Ask the class 1if anything is peculiar about projects A and B. Discuss how
these MBtu and PV savings figures would result if A were expensive
electricity and B were cheap coal.

o Assipgn priority on the basis of these two measures.

o 10-5 144




Slide S

RANKING WITH Btu/I

PROJECT MBtu SAVED MBtu/1,000

M 1"
1,000 100
214 43

256 51

Ranking With Btu/I
o Explain how MBtu/$1,000 column is derived.

o Show in table how project B that saves a lot of fuel (whether expensive or
not) scores high with this measure.

1 0~¢ -
Q ) 141,)




Slide 6

RANKING WITH NET SAVINGS

PV
PROJECT SAVINGS NS

A 200 K

B 169 K

11.0 K

115 K

Ranking With Net Savings
o Explain the derivation of the NS ranking.

o FExplain why project A saving high-priced fuel now rates highest.

14¢6
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Slide 7

RANKING WiTH SIR

PROJECT PV SAVINGS SIR

0

0

200K 2.0
16.9 K 1.7
110K 2.2

1MSK 2.3

Ranking with SIR

Fxplain the derivation of the SIR ranking.

Note that the rankings differ from each «f the other two approaches.




Slide 8

COMPARISON

PROJECTS SELECTED TOTAL NET SAVINGS
Btu/| NS SIR Btu/I NS SiR

A A 100K 100K

69K 69K

6.0 K 6.0 K

6.5 K 6.5 K

194 K 169 K 225K

Comparison

0o Tell the class that the table is designe! to compare the three methods in
terms of the net savings to be achieved with a $20K budget.

o Explain that the projects selected under each of the three ranking methods
is based on their rankings and what is affordable with $20K.

o Explain that total net savings are computed for each package of projects
indicated by the respec ive rankings.

o Note that NS are maximized for the package selected by the SIR ranking.

o Emphasize that the SIR method is generally preferred becaunse it mazimizes
net savings when there Is a budget constraint.

o Acknowledpe, however, that other objectives wmight require consideracion of
other measures, e.g., the MBtu/$1,000 measure.

10-9
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Section 11
\\A,Mgfoblem: Water Conservation Problem
The purposes of thiﬁ problem are (1) to introduce the analysis of nualtiple
elements of saJihgs——e rgy and water, (') to demonstrate the use of a4 multi-
component charge structure for energy, and (3) to provide pra-:tical experience
in project ranking under a budget constraint.

s

\.-

|
Allow about five minutes for the class to read the problem. Then explain th2
objectives of the problem as described above. Ask for suggestions regaiding
the study period. Discuss the merits of 5 years versus 25 years. Point out
that there are two components to the energy charge: the demand component and
the consumption component. Also ndﬁ;/ﬁhat the water consumption amount and
the demand charge are given on a monthly basis and must be adjusted to an
annual basis before entering the amounts in the worksheets. Ask about the
selection of a UPW* factor. Note that it is based on natural gas. Also note
that the same UPW* factor should be used to adjust the consumption and demand
components of the energy costs to a present value basis. Ask the class to
proceed through the worksheets. Allow time for completion of each worksheet,

then explain how the blanks should be filled in. Note the following

additional comments that pertain to certain of the schedules.

\
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Notes

Schedule A

Annual demand charge = 20.21bs/hr X $.09/1b/hr/mo. X 12 mo/yr = $21.82.

ﬂSchedule C

Annual water consumption charge = 28,056 gals/mo X 12 mo/yr

X $0.65/1000 gals = $218.84.

t

Schedule F

Annual demand charge = 14.2 lbs/hr X $.09/1b/hr/mo X 12 mo/yr = $15.34.

Schedule G
Annual investment cost = ($7.00/showerhead X 8 showers) + ($1.14/aerator

X 105 faucets) = $175.70.

Schedule H
Annual water consumption charge = 28,056 gals/mo X 0.70 X 12mo/yr

X $0,65/1000 gals = $153.19.

Schecule L

Note that item (b), the change in water consumption cost, 1s reduced by the
investment. Hence, using the worksheets format, a negative value is
subtracted from item (a), that is, the two amounts are added.

After th-o SIR is calculated, review the last part of the problem with the
class. Suggest that they use a tabular format to solve the problem. Ask them
to indicate whether they recommend inclusion of the water conservation project
and the maximum net savings they hope to realize.

Problem Selection - Limited Budget

Discuss the options that are witnin the budget, and compare their net savings.




Water Conservaticon 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 Oklahowa City, Oklahoma. It is expected Lo
he continued in use indefinitely. An energy-ccnserving retrofit has been
proposed.

Data and Assumptions: Currently, water consumption of the 8 showers and 105
faucets in the bullding totals 28,056 gallons per month. It is estimated that
by installing flow restricting showerheads and faucet aerators on 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 1is 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 '000 gallons of
consumption. The purchased steam (produced from na.ural gas) has two separate
charge compenents: (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 f.iucet
aerators $l.14 each. It 1s assumed that there are "o other significant costs
or salvage values assoclated with these devices. Both devices are e:;pected to
last for 5 years.

There is a limited sum of $1C,000 that has been budgeted for the rctrofit of
the buiiding. Other retrofit project opportunities are as follows:

(1) A group of small proj=cts, R, S, T, and U, costing a total of $2,000
and saving a total of $10,000 in present valua dollars.

(2) Prcject V, having a first cost of $1,600 and a total present value
savin, 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 totai 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 7, 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: Is the proposed water conservation retrofit cost effective? Do
you recommend that the watcr congervation project be included in
the projects funded by the $10,000 budget?

11-3




Slide |

WATER CONSERVATION PROBLEM




Building:
Location Oklahoma City, Oklahoma

Slide 2

Identifying Information

DOE Region 6

Use Offices and Courts

Type Commercial

Life Indefinite
Project Install Water-Saving Devices
Project Life 8 Years

Study Period 5 Years




Stide 3

A. Energy Costs Without Retrofit

Type Annual Unit Cost/ |UPW*
Quantity Price Year

Other
Steam_ 60,583 Ibs. | $0.6049/Ib. | $296.86

Base

$ 21.82
Demand

ol hH




Slide 4

[l B. INVESTMENT COSTS WITHOUT RETROFIT

1. RESALE, SALVAGE, REUSE VALUE 0
2. RENOVATION COSTS




c. Annval Nonfuel O&M Costs
Without Retrofit

(1) (2) (3)

Amount UPW PV
Costs

$218.84 4.10 $397.00

o II-YSU
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D. Nonannual O&M, Repiacement, and
Salvage Without Retrotit

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

Year| O&M [Replacement|Salvage [SPW| PV PV PV
Costs Costs Value O&M [ Replacement |Salvage

Total $0 $0 $0

LE e T
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Slide 7

E. TLCC Without R. ‘rofit

(1) PV Energy ~ $1,651
(2) PV Investment $ 0
(3) PV Annual O&M $ 897
(4) PV Nonannual O&M $ C
(5) PV Replacement $ 0o

, (6) PV Salvago $ O
(7) TLCC

11-10




Slide 8

F. Energy Costs With Retrofit

Type Annual Unit Cost/ |UPW*
Quantity Price Year

Other
Steam | 42,408 Ibs. | $0.0049/1b. | $207.80
Base

T
i

$ 15.34
Demand

P11
e 159
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G. Investment Costs With Retrofit

(1) Actual Cosis $175.70

(2) Adjustment Factor 0.9

(3) Adjusted Costs $158.00

(4) Renovation Costs $ 0

(5) Adjusted PV $158.00

161
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Slide 10

H. Annual Nonfuel O&M Costs
With Retrofit

(1) (2) (3)
Amount UPW PV
Costs

$153.19 4.10 $628.00

161
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Slide 11

1. NONANNUAL O&M, REPLACEMENT, AND
SALVAGE WITH RETROFIT

(2)
O&M
Costs

(3)
Replacement
Costs

(4)

Salvage

(5)

Value SPW

(6)
PV
O&M

(7)
PV
Replacement

(8)
PV
Salvage

162
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Slide 12

J. TLCC With Retrofit
(1) PV Energy $1,155
i (2) PV Adjusted Investment $ 158
| (3) PV Annual 0&M $ 628
Il (4) PV Nonannual 0&M $ o
;' (5) PV Replacement $ O
{ (6) PV salvage '$ o0

(7) TLCC

164
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K. Net Savings of Project

f (1) TLCC Without $2,548
(2) TLCC With $1,941
(3) Net Savings $ 607

161
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L. SIR

(1) Numerator
(a) A Energy Cost
(b) A Nonfuel O&M
(c) Numerator

(2) Denominator
(a) A Investmont
(b) A Replacement
(c) A Salvage
(d) Denominator

165
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PROJECT SELECTION - LIMITED BUDGET

RANKING FIRST NET
NO BUDGET COST SAVINGS
PRO.JECTS SIR CONSTRAINT ($) ($)
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
8.0 (4) 10,000 70,000
12.5 (1) 2,000 23,000
12.0 £2) 3,000 33,000
9.0 (3) 1,000 8,000
OPTIONS Project W All project except W
WITHIN

First cost = $10,000 or First cost = $9,776

o 1114




Sectlon 12

SHide Presentation: Project Design, Sizing, and Selection
The purpoggs of this gsesiton are to (1) define economic efficiency in the
context of project desipn, sizing, and selection; (2) cite practical examples
for the seminar participants on how these economic efficiency decisions are a
part of thelr work; (3) show graphically the net benefits or net savings
implications of investing too much or too little in building projects; and to
(4) {llustrate with a residential case example the application of economic
techniques in choosing cost-effective designs, sizes and projects among

alternative energy co#gervation investment y,.




Slide 1

ECONOMIC EFFICIENCY IN

PROJECT DESIGN, SIZING, ANO SELECTION

Feconomic Efficlency in Project Design, Sizing, and Solection

o Present Introductlion.

o FExplain that there {s an economically efflcient design, size, or selection
when choosing among bullding alternatives.

o Expladn further that the cconomlce objective 14 o seck the alternative that

maximfzos et henet its or nel savings.

I

i
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Slide 2

Project Choice

® Sizing
® Designing

® Ranking

Project Cholce

Cite the following examples for the three types of cholces:

(o]

Choose thickness or R value of insulatiuon -- Sizing.

Choose one of alternative lighting systems, orientations of building,
or of heating/cooling rystems ~- Designing.

Choose among a group of retrofit projects including ‘nsulation,
double glazing, and controls -— Ranklng.

164




Total Coiiservation and

LEVEL OF ENERGY * Cansm o Cons
CONSERVATION THAT —

Costs

MINIMIZES TLCC

Total Consumption
Costs

Level of Energy
Consarvation

Level of Energy Conservation that Minimizes TLCC
o FExplain the axes and curves.

o Point out the economlcally efficient level of conservation (scale Hr size)
at which TLCC are minimized.

o Deseribe the cost implications 1f more or less is invested in conservation
than the economically efficient level.

A R




Slide 4

Total Conservation

LEVEL OF ENERGY Costyy
CONSERVATION THAT Savings

MAXIMIZES NET
SAVINGS

Level of Energy
Conservation

Level of Energy Coiservation that Maximlzes Net Savings—--1
0 Explain the axes and curves.

o FExplaln how this graph provides an alternative display of efficient scale
or design.

0o Explain that conservation ig "generally” cost effective as long as there
are positive NS, but there is only one level where conservation 1s at 1tg

most efficlent level.

o Indicate the level f couservation af. which NS arc. maximized, and explain
why NS dimivish at lower aand higher levels,
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Slide 5

mm‘" - -

Total Conservation
Cosls

LEVEL OF ENERGY
CONSERVATION THAT
MAXIMIZES NET
SAVINGS

Total Energy
Savings

By __. Level of Energy
Q¢ Conservation

Marginal Costs

| Marginal Savinys
[ \\\‘~

— ——— Level of Energy
Conservation

Level of Energy Conservation that Maximizes Net Savings-—-II

o Fxplain the axes and curves of new graph.

o FExplain how the economically efficient level of conservation will be the
same for the twn graphs.

o Note what happens when you invest more or less than the economically
pificlient lTevel.

BEST COPY AVAILABLE




Slide 6

CASE EXAMPLES,

RESIDENTIAL ENERGY

CONSERVATION

Case Examples, Residential Energy Conservation

o FExplain that the sizing, designing, and ranking choices are made for all
types of buildings and building components,.

o Note that a residential building was selected because 1t is simpler to
explain anu understand than a commercial building.

o FExplai that the purpose of the case example {3 to illustrate how o /

cconomically effictent project designs and sizes can be determined, and how

cconomically efflicient selections are made among alternative energy

congervation projects with and without budget constraints,

Q ]m:\




Slide 7

Outline

I. Evaluating Cost Effectiveness of Insulation
Il. Sizing Insulation

ll. Selecting Among Envelope Modifications

IV. Equipment Selection

:‘f V. Interdependence

Qutline

o Des ribe toplcs of the session according to the outline.

[7]




Slide 8

Example

* 1200 ft’ Single-Family House
* Washington, D.C. (Region 3)
* Annual Space Heating Load (AHL) = 50.155 x 10° Btu

#  * Electric Resistance Heating, Efficiency () = 100%

I * 2 AHL From Attic Insviation: 0 - R11 R11-R19 R19-R30 R30 - R38

| § (10° Btu) 12913  2.074 1.328 0.518 |
; { ° Insulation Cost: $300 $140 $217 $140
; p
K
Example

o Fxplain each of the data lines in the t-ble,

o Note that the entrles for AAHL represent decreasing marginal reductious in
AHL for each of the Increments in insulation.!

7 Ncte also that the costs are marginal costs for those same increments in
fnsulation.

v Explafn that the study period is 25 years and the discount rate s 7%.

IThe reductions In annual heating load from 'nercased fusalaivon are taken
from Stephen R, Petersen, Economics and Energy Conservation in the Design of

New Single-Famlly Houq{n&, "NBSIR B1- 2380 Natfonal Burcau of Standnrds,

Washington, DC, 1981, pp. 62-63,

12-9 .
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gl CEE 2w R, oo, P
RN 2 AR

Annual Heating Energy Requirement
(AHR)

AHR = AHL = 50.155 x 10° Btu
] 1

e

Annual Heating Energy Requirements (AHR)

n Explain that the AHL is a function of degree days (i.e., the climate) and
the resistance of the building envelope.

-~

y Explain the equation.

12-10)




Slide 10

Cost Effectiveness of 0 - R11 Attic
Insuiation

AAHL . p.ypw*
U]

12.913 x 10° Btu « $16.77/1 )° Btu « 14.34 = $3,10¢
ES - |

$3,105 — $300 = $2,805

Cost Effectiveness of O-R 11 Attic Insulation

o Describe the source of the data and the calculation procedures.
o Explain how to calculate the NS $or O-R 11 ingulation.

o Frplain why the OGPWA gablegd arve aged for the discount factor.

[/
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Cost Effectiveness of R11 - R19
Insulation

AAHL . p.uPw*

"
2.074 - $16.77 « 14.34 = $499

ES - |

499 — 140 = $359

Cost Effectiveness of R Il - R 19 Insulation

o Describe the source of the data and the calculation procedures,

17




Slide 12
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Sizing Atlic Insulation

s Ty

lL.evel of Insulation ACost ASavings AMet Savings

e

o Qe S BN il

- ~—

$ $ $
0 - R11 300 3,105 2,805

~ gy -

R11 - R19 140 499 359

R19 - K30 217 319 102 *

cr = e v LW
w7 A R

-“ R30 - R38 140 125 ~-15

[

i!

fe

Loy

o

ooy

.

[ ALK SIS AN T T e T VPR R VL IR IR STT R 6 RIORPB B, S ANANTIG A LV A G0 B L A, Db WS g G ) ) bin B et kL et Ez
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Sizing Attic Insulation
Poodyia that the tobhle shows the vesalts of NS (NB) analysis,

o Do ke e data, Not o that the lase ealumn l1ists the incremental et
savings lor the last dncrement of insulat oo,

v b why OB iy mest et ticient,

e baln wos Biehoo or Tower Teve b ol ansalat fon are Inetticieont by showing,
i ot el cactnes ol toe tolttowing three insulation fevels:

(9 Tatal et i LT,
L L Y RN R RN TR UL FO
bt b e VU - P
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Il. SIZING OF INSULATION
INVESTMENT

ACost
!
I
I ASavings
0 !
R’ Thermal

Resistance (R)

g - - - §¥ - .
L F . . __ ¥

Sizing of Insulation Investment

n Fxplain the axcs and curves.

o Descrlhe how the graph confirms the conclusions of the previous sllde that
therc can be too much or too little [nsulation o. economic grounds,

Iivn
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Stide 14

Selecting Among Envelope Modifications

Attic Insulation
Ri1
R19
R30

R38

Storm Windows

AR TGN "

3 s

Select ay Amony Fnvelope Moditicat fons

v ateaduee another enve lope moditicatfon, storm windows, into the

cesabaat fon,
g bap i why ceonomis analea s s needed to o choose amonye ditierent level o ol

fnsalation and rorm o window when ther o i aol cnoayh morew Lo do ot o1 hat

tree caatl ol b eety e,

I 4]
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Slide 15

Cost Effectiveness of Storm Windows

AAHL . p. yPw*
Y

3.155 x 10° Btu . $16.77 - 14.34 = $759

1
$200

ES - |

$759 — $200 = $559

Cost Effectiveness of Storm Windows

Deseribe the source of the data and the procedures for calculating ES.

heserihe how NS re calealated,

b
t

o
‘

At

o

vpiatn that, in the absence of a budget constrafut, R 30 insulation and
he storm windows would he selected. But with a udget constralnt, S5IR
alaes are needed to make a final selection,

Jthe ¢lass to compute the SIR for storm windows. 1t would be calculated
oltows:  ES 0L = G759 0 200 = 3.8,




Slide 16

e e —
e T T ——

Energy Conserv. tion Cumulative A Net Cumulative
Options A Costs Costs Savingf SIR  Net Savings

$ $ $ $

0-R11
Storm Windows
R11 - R19

Y  R19-R130

R3' - R28

SIR Tabhle

o FExplain that the options are listed in order of their SIR values; [.,e
total savings ¢ investment,

L |

0 Desdcribe how cumulative net savings increase as long as the SIR > L.0,
Thus all options up to R 30 are efficlent with no budget 1{ itation,

9 Ask the class what would be the cost effective selection with a $H500

budget,  Explain why only R 11 and storm windows would be chogsen with that
budpet

o Gomment on how the sizing and ranking decisions lave beer carried oo
stmeltaneourly dn thon problem,

o Note that the figures for calenlating the SIR are not apparent ot he

fable, but they can be derived. For example, tor R 11, the 51 - Cneypy
savings Tocoat = (2805 4+ 100) @ 300 = 10,5,

12-17 I 4




Slide 17

INTERDEPENDENCE
BETWEEN
EQUIPMENT AND ENVELOPE
RETROFIT PROJECTS

. terdependence Between Envelope and Equipment Retrofit Projects

o iplain that energy savings from cnvelope modifications are interdependent
i papaeat aodifications,

Vondain, tor example, that dollar eneriy sovings est imates will theretore
e tor insalation, dependings on the elticiency ot the heating cqui pment
boothat Imi dding.




Slide 18
Mmm

o

EQUIPMENT SELECTION

ELECTRICAL
RESISTANCE HEAT PUMP

initial cost $1,000 $2,000
n 1 1.8
PV energy costs $12,061 $6,701

NS, p = ($12,061 - $6,701) - ($2,000 - $1,000) = $4,360

SIRyp = (12,061 - 6,701) + ($2,000 - $1,000) = 5.360

Equipment Selection

o FExplain that adding equipment changes to the options list of storm windows
and insulatfon requires computing an SIR value for comparison.,

»  Explain the data.

v NDesceribe how NSjp and SIRHP are detoermined,

140
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Slide 1Y

Energy Conservation Cumulative A Net Cumulative
Options A Costs Costs Savings SIR Net Savings

$ $ ) $

(4))

Heat Pump 1,000 1,000 4,360 .36 4,360

75 5,785

()

0 - R11 300 1,300 1,4:5
Storm Windows 200 1,500 222 2.11 6,007
R11 - R1Y 140 1,640 137 1.98 6,144

R19 - R30 217 1.857 - 40 0.82 6.104

R30 - R38 140 1,997 - 71 .49 6,033

Energy Conservation Options with Heat Pump

o Fxpla.n that the insulation and storm window opt - ans now aave new SIR's due

to diftereat equipment assumpti.ie. i

Fxplain that the heat pump Is listed jirs: even though its SIR is less ‘han
fhee SIR of R 11 Insulation & cause i “eal pump ranks high enough that it
wiltl be included. Since albi of fer other 5 IR's are a function of the
copripment , Bt fe ospeesiied Daranose that the appropriate SIR's can be
cateutated.

G Indicate that P39 fnstead of 0 0) 15 now the cost eoftective Jevel.

O toto that Loe vitiae of enersy sacaagis boroany cnvelope mod i ieat ton Jitivoa
heat pump is bese tian the wavings wiite the cleocti e resistance system,
Ciace the beat pump conomest any siiven AHEL with less enepny than the
e b gyatem,

0 Note iurther that the {nteraependence woilos both wiave, S0 Ll o
commetcbal dmibding, o esamp e, The cguipment wmivht be alzed noteaponse
i s he cavelope mod{ i ot Ton,

Q 17 -20
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Section 13

Presentation: Treatment of Inflatlon
The maln purpose of this gesslon s to contrast analyses made in constant
dollars with analyses made In currenc dollars. Secondary purposes are to
review the procedure for escalating costs and to distinguish budgetary needs

for estimates of future costs from the requirements of an economic evaluation.

This session can be presented on the blackboard or flip chart; no slides

are provided. The presentation is based on the material presented in Section

3 of the Seminar Workbook and the series of questions and answers provided

here,

Because this is a topic with which participants often have difficulty, a
recommended approach is, first, to asgsign the reading o; Section 3 of the
Workbook for homework the first night. Second, in the lecture the following
day, it is helpful to review the homeworl Jaterial, including blackboard
presentation of the graphs in section 3 of the Jorkbook. Third, the series of

four questions and answers found belcwe can complete the lecture. First list

the arsumptions on the board, then ask each question, discuss it, and give lIts

solution nn the roy:d,

The ser.es of questions and answers piesented below for a cige example
help to explain the difference between constant doilar and currvent dollar
analy.es, (Civen the following data and assumptions:

© A particular building component is being considered for purchase and

installation 5 years from now;

o t-e building component could be purchased and installed today fcr . co«t
€y, of $1,000;

13-1 187




o the price of the building component is projected to escalate 5 percent
« fas.er than the rate of general price inflation over the next 5 years,
l.e., e = .05;

o the rate of general price inflation, I, is projected at 5 percent per year

c

over the next 5 vears, l.e., I = .05; and

o the project is a Federal project that does not involve energy conservation;
hence, project evaluation is subject to a 10 percent real discount rate;
1.e.’ d = .10;
Angwer the following questions:

Question #1:

What is the estimated constaunt dollar cost, Ce, of the building component in 5
years!?

Solution:
Ce = Co X (1 + el
= $1,000 X (1 + .05)3
= §1,276.
Question #2:

What is thc present value equivalent, Pcs, of the cost of purchasing and
installing the component 5 years hence?

Solution:
1
Pe = Co X
e (1 + d)N
i
v 51,275 X em—————
(1 + .10}°
= $792.
[Note: The preceding escalation and discounting operations shown 1n solutlons

to #1 and #2, are usually combined as follows:

P +e O I+ .05 2
T N VI ¢ ) 2 $1,000 (e ) = §792.]
b+ d 1+ .10

1 4-2 a o




Question #3:

What amount, Cg, would be included in tbh~ 5-year budget projection for
actually purchasing and installing the component?

Solution:
Cg = Cyp X (1 + E)N
= $1,000 X (1 + .1025)5
= $1,629, E=¢e+ I+ el
= .05 + .05 + (.05)(.05)

= ,1025,

Question #4:
What 1s the present value equivalent, P; , of the budgeted amount?
E

Solution:
1

Pc = Cp X ———

E (1 + D)N

1

54

$1,629 X
(1 + .155)7

i

§732. D=d+1T1+dI

]

<10 + .05 + (.10)(.05)
= L0155,

[Note: The preceding escalation and discounting operations, shown in
solutions to #3 and #4, are usually combined as follows:

L+ 5 1+ ,1025 5
k 1 +D 1 + ,155

Also note that the present valuye equivalent of the current dollar budget
amount (#4) ia equal to the present value cquivalent of the constant dollar
amount  (#2) )
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Section 14

Team Problem: Planuing an Energy Conservation Package For Maximum Net
Savings (80 Minutes)

This problem requires class teams to determine the cost effectiveness of each
of four envelope and equipment investments and then to decide what combination
of those investments 1s most economical for a given budget. The problem
includes accounting for interdependencies between envelope and equipment

modifications.

The purposes of the problem are as follows:
(1) to develop team skills in performing economic evaluations;

(2) to gain additional practice in calculating the net savings and
the SIR for conservation investments;

(3) to give 1insight into evaluating interdependent alternatives; and

(4) to practice choosing among alternatives with a limited budget.

Allow the class about five minutes to read the problem. Explain the purposes
of doing the problem (see above) and what type of answers are called for. Ask
for questions. Break the class into five or six teams of three to six persons
each. Avoid having persons who work together on the same team. Have the
first team to finish calculations for Option A raise their hand and go through

their schedules. Do the same for the remalning three op ions.

Note that Option C, adding insulation to a level of R-19, requires two sets of
entries in the schedules--one for adding insulation without the heat pump, and
one 1or adding Insulation with the heat pump. The interdependence effect
hetween the heat pump and the insulatfon is illustrated by the differential

net savings shovn In slide 24,

H 1950




Mote also that if the building were very large, the heat pump might have been
sized differently for different levels of insulation, thereby taking into

account the impact of insulation (envelope modifications) on equipment.

Given the data on each of the four options, have the teams use their Project
Selection worksheet (found in the Workbook) to establish economic priority
among the options and select the economically efficient combinatfon for a

?

$2,000 budget. Explain why insulation without the heat pump is ignored.

Conclude by giving a short summary of how the problem was solved and by

answering any questions.
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Team Problem--Planning an Energy Conservation Packape

[Note: This is a hypothetical example intended only to [llustrate the
technique. )

Problem Statement: Plan an energy consetrvation 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.¢. Ity
remalning life is exrected to be 15 years. The agency has a limited budpet of
$2,000 to spend on each house.

Each house has been weatherstripped and caulked. It has R-11 fnsuBation n
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 heen added
to the windows.

Each house is currently heated by an electric resistance system that 1is 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 107 x 100Btu per house. The base now pays $16.89 per l06Btu
($0.06 per kWh) of electricity. The annual domestic hot water load is 22 x
10°Btu per house. Hot water is currently supplied by an electric water heater
that i{s expected to last over the remaining 15 year life of the house with
only negligible maintenance and repair. The efficiency of the exictln hot
water system 1s assumed to be 100 percent,

The following options are being considered for retrofit to each houso:

(A) Addi:ion of a solar domestic water heater. The system that has becn
recommended as reliable and sufficiently durable to last the 15 years

without major maintenance or repair costs $1,600, and is cxpected (o weot
80 percent of the annual hot water load. No net salvage value is
expected.

(B) PReplacement of the existing electric resistance space heat ing svsiem 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 salvaye
value 18 expucted from disposal of the existing system. The heat Py
expected to have about the same maintenance and repalr coste aud )i
expectancy as tne existing system.

(C) Addition of attic insulation to raise the current resistaunce (RY Tewel
from R-11 to R~19. The insulation will cost $300 to purchase and §ost ol
and is expected to reduce the energy consumption for space heat fpe be o
percent.

(D) Replacement of incandescent lighting with fluorescent Iiphting, 1.
fluorescent lighting will cost $300 to purchase and ivetall od 1
expected co reduce by 60 percent the 2000 kWh aunual consamot fon e oo
the existing lighting. Over the 15 year project Hlie, the oconoml
effects of the longer lives of the flunrescent tubes and fhel
higher replacement costs are expected to be offaottlugr.  Thepo .
assumed to be no galvage values agsociated wit's ofther the focande. o
or fluorescent lighting,

4 1
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13

Planning an Energy Conservation Package for Maximum Net Savings

Remarks to Help the Class

The UPW* factor of 11.07 is found in Handbook 135 on page 120,

Table B-3, under N=15, for residential buildings using electricity.

Since the solar system is expected to generate 80% of the hot water
load, the annual consumption with the solar system will be

4,4 x 106 Btu (1.e., .20 x 22 x 106 Btu).

The higher efficiency (1.8 COP) heat pump reduces the 100 x 106 Btu

heating requirements with the electric system as follows: ' ]

_AHR = AHL/n = 129
2 1.8

= 55.56.

193
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PLANNING AN ENERGY
CONSERVATION PACKAGE FOR
MAXIMUM NET SAVINGS
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Slide 2

Ic.antifying Information

Bullding:
Location Washington, DC

DOE Regian 3

Use __Military Base Housing
Type . Residential
Life 15 Years

Project ) Instail Solar Domestic Water Heater
Project Life 15 Years
Study Perlod 15 Years

14-6




Slide 3

A. Energy Costs Without Retrofit

Type Annual Unit Cost/ uprw* PV
Quantity Price Year Consts

Electricity 22 MBtu $16.89/MBtu| $371.58 |11.07| $4113
Base

Demand

Time of Day

Contract
Capacity

Other

) 14-7 Qe
EC 196

Aruitoxt provided by Eic:




Slide 4

(1) PV Energy

(2) PV Invesiment

(3) PV Annual O&M
(4) PV Nonannual C&M
(5) PV Replacement
(6) PV Salvage '
(7) TLCC

Qo 14-8

E. TLCC Without Retrofit

197

$4113

R IR BNE - ARE
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Type Annual Unit Cost/ upPw*
Quantity Price Year

Electricity] 4.4 MBtu |$16.89/MBtu| $74.32 |11.07
Base

F. Energy Costs With Retrofit

Demand

Time of Day

Capacity

Other

\
‘ Contract
|

198
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Slide 6

G. Inveétment Costs With Retrofit

(1) Actual Costs ﬂ $1600
(2) Adjustment Factor 0.9
(3) Adjusted Costs $1440
(4) Renovation Costs $ 0 1
(5) Adjusted PV $1440
u-10 199




Slide 7

J. TLCC With Retrofit

(1) PV Energy $ 823
(2) PV Adjusted Investment ﬁ“$144o
(3) PV Annual O&M $

(4) PV Nonannual O&M

(5) PV Replacement
(6) PV Salvage
(7) TLCC

3 | 14-11 200



Slide 8

K. Net Savings of Project

(1) TLCC Without . $4113

(2) TLCC With  $2263

T
(3) Net Savings $1850

14-12
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Slide 9

L. SIR

(1) Numer?tm\_

(a) A Energy Cost
(b) A Nonfuel O&M
(c) Numerator

(2) Denominator
(a) A Investment
(b) A Replacement
(c) A Salvage
(d) Denominator

(3) SIR

14-13
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Slide 10

s Identifying Information

Building: ‘
Location Washington, DC
DOE Region 3
Use Military Base Housing
Type Residential
Life 15 Years

Pro]épt Install Heat Pump
Project Life 15 Years
Study Period - 15 Years




"Slide 11

A. Energy Costs Without Retrofit

Type Annual Unit Cost/ |UPW* PV
, Quantity Price Year Costs

Electricity] 100 MBtu |$16.89/MBtu | $1,679.00 | 11.07 | $18,697

Basée

Time of Day

Contract
Capacity

Other

Total $18,697

-t

r
|
!:

204
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Slide 12

E. TLCC Without Retrofit

(1) PV Energy $18,697
(2) PV Investment
(3) PV Annual O&M

(4) PV Nonannual O&M

(5) PV Replacement

(6) PV Salvage

(7) TLCC




Slide 13

F. Energy Costs With Retrofit

Quantity Price Year Costs

Type Annual Unit Cost/ |UPW’ PV

Electricity| 55.56 MBtu | $16.89/MBtu | $938.41 |11.07 | $10,388

Time of Day

Contract
Capacity

Other

$10,388

206

o 14-17
ERIC
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Slide 14

G. Investment Costs With Retrofit

(1) Actual Costs $1700

(2) Adjustment Factor 0.9

(3) Adjusted Costs $1530

(4) Renovation Costs $ O

(5) Adjusted PV $1530

i




Slide 15

J. TLCC With Retrofit

PV Adjusted Investment $ 1530
PV Annual O&M $
PV Nonannual O&M

)

{ PV Energy $10,388
B

x

i

PV Replacement

PV Salvage
TLCC

208
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K. Net Savings of Project

(1) TLCC Without $18,697
(2) TLCC With $11,918
(3) Net Savings $ 6779

200
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Slide 17

L. SIR

(1) Numerator
(a) A Energy Cost
(b) A Nonfuel O&M
(c) Numerator

(2) Denominator
(a) A Investment
(b) A Replacement
(c) A Salvage
(d) Denominator

(3) SIR

14-21
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Slide 18

;
Identifying Information

Building:
Location Washington, DC
DOE Region 3

Use Military Base Housing

Type Residential
Life 15 Years

Project Add R-11 to R-19 Attic Insulation
Project Life 15 Years - |
Study Period 15 Years

il

14-22




Slide 19

A. Energy Costs Without Retrofit

Type

Annual
Quantity

Unit
Price

Cost/
Year

upw*

PV
Costs

Electricity

100 MBtu
(55.56 MBtu)

$16.89/MBtu

$1689.00
($ 938.41)

$18,697

Base

Demand—

Time of Day

Contract
Capacity

Other

($10,388)

$18,697
($£10,388)

14-23
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E. TLCC Without Retrofit

$ 18,697
(1) PV Energy ($10,388)

(2) PV Investment s

(3) PV Annual O&M

(4) PV Nonannual O&M

(5) PV Replacement

(6) PV Salvage

(7) TLCC $10.380)

<l
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Slide 21

F. Energy Costs With Retrofit

Type Annual Unit Cost/ upw* PV
Quantity Price Year Costs

95 MBtu $1604.55 1 s$17,762
Electricity| (s2.78mMBtu) | $16.89/MBtu | (8 891.45) | 11.07 | (s 9.868)

Demand

Time of Day

Cor.. act
Capacity

Other

$17,762
($ 9,868)

214
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Slide 22

G. Investment Costs With Retrofit

(1) Actual Costs | $300
(2) Adjustment Factpr 0.9
(3) Adjusted Costs $270
(4) Renovation Costs $ O
(5) Adjusted PV $270

. e 15
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J. TLCC With Retrofit

$17,762
PV Energy ($ 9,868)

PV Adjusted Investment $

PV Annual O&M $

PV Nonannual O&M $

PV Replacement $

PV Salvage $

$18,032
TLCC ($10,138)

216

14-27




Slide 24

K. Net Savings of Project

| $18,697
(1) TLCC Without - ($10,388)

| $18,032
(2) TLCC With ($10,138)

{ . (3) Net Savings ($ 250)

14-28 21 ’?
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L. SIR

(1) Numerator
(a) A Energy Cost
(b) A Nonfuel O&M
(c) Numerator

(2) Denominator
(a) A Investment
(b) A Replacement
(c) A Salvage
(d) Denominator

(3) SIR

) 14-29
Q

218




Slide 26

identifying Information

Bullding:
Location Washington, .<.

DOE Region 3
Use Military Base Housing

Type Residential
_Lite 15 Years

Project Install Fluorescent Lighting
Project Life 15 Years -.
Study Perlod 15 Years

4

219 )
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Slide 27

A. Energy Costs Without Retrofit

Type Annual
Quantity

Unit
Price

Cost/
Year

upw*

PV
Costs

Electricity] 2000 kWh

$0.08/kWh

$120.00

11.07

$1328

]

Demand

Time of Day

Contract
Capacity

Other

Full Tt Provided by ERIC.

LERIC
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Slide 28

E. TLCC Without Retrofit

(1) PV Energy : $ 1328
(2) PV Investment $
(3) PV Annual O&M $
(4) PV Nonannual O&M $
$
$
$

(5) PV Replacemant
(6) PV Salvage
(7) TLCC

<21

Q 14-32
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F. Energy Costs With Retrofit

Type Annusl Unit Cost/ |UPW*
Quantity Price Year

Electricity] 800 kWh $0.08/kWh $48.00 [11.07
Base

Demand

Time of Day

Contract
Capacity

Other

222
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G. Investment Costs With Retrofit

(1) Actual Costs $ 300

(2) Adjustmant Factor $ 0.9

(3) Adjusted Costs $ 270

(4) Renovation Costs $ O

(5) Adjusted PV $ 270

22
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J. TLCC With Retrofit

(1) PV Energy

(2) PV Adjusted Investment

(3) PV Annual O&M

(4) .PV Nonannual O&M

(5) PV Replacement

(6) PV Salvage

(7) TLCC

224
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K. Net Savings of Project

(1) TLCC Without $ 1328

(2) TLCC With $ 801

(3) Net Savings $ 527




Slide 33

L. SIR

(1) Numerator )
(a) A Energy Cost
(b) A Nonfuel O&M
(c) Numerator

(2) Denominator
(a) A Investment
(b) A Replacement
(c) A Salvage
(d) Denominator

(3) SIR

14-37
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PROJECT

-Slide 34

PROJECT SELECTION

PROJECT NET
COST ($) SIR SAVINGS ($)

SELECTION

Heat pump

Insulation
without HP

Lighting

Solar water
heater

Insulation
with HP

1700 5.43 6,779

300 . 665

527

1850

250

<7

14-38
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Section 15
Slide Presentation: Sensitivity Analysis
The purpose of the sessions on sensitivity analysis and probability
analysis is to present techniques for dealing with uncertainty in project

evaluation.

The lecture material for this session is provided in the rorresponding
sections of the Worhbook. The sensitivity and probability analysis

problems from Problem Set C in the Workbook can be assigned as class problems
following the counterpart lecture, or one or both of them can be incorporated

in the lecture to reduce the time required to cover the material.
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Slide !

UNCERTAINTY

e Sensitivity

e Probability

Uncertainty

o Introduce the topic of uncertainty.

o Contrast the implied assumption of certainty in the preceding probiems with
real world conditions.”

o Refer the claes to Section 6 of the Workbook, Sensitivity Analysis, and
discuss the material presented there.

<R
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Slide 2

SENSITIVITY ANALYSIS

Time Horizon

&
>
Qa
Z
Q
O
-

1 I
20 25

A = Project A
B = Project B

]

Sensitivity Analysis '

Explain that graphical displays are often useful for portraying
uncertainty.

Discuss the graph shown in the slide, labeling the axes, and explaining

that the cost-effective choice between projects A and B is sensitive to the
length of time over which the project will be needed.

Ask the class which project would be more cost effective if it were
needed only 5 years.

Ask which would be more cost effective if it were needed for 20 years.
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Slide 3

Sensitivity Analysis

Discount Rate
Fuel Price Escalation Rate

10
Years

Note: Base-year Savings = $1,000

Sensitivity Analysis

o Explain that this slide illustr:tes the sensitivity of estimated present
value energy savings to the esc' lation rate. '

o Also point out that the estimated life becomes more important the higher
the escalatioan rate.

<231
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Section 16
Sensitivity Analysis Problem: Insulation

[Note: This is a hypothetical examplg 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 ($16.77/10Btu). You expect to remain in the house
another 25 years. Your best alternative use of the money you have available
to spend on insulating the house is for a tax—-free bond paying 102 compounded

annually. Current inflation is about 3% per year. Th~ house is located in
Washington, D.C. -

Using the Means Building Construction Cost Data Guide you find the following
cost data for this area for fiberglass batts:

N
B
3

Material Cost Labor Overhead and Profit
($/£t2) ($/£t2) (Multiplier)
R-ll 014‘- 006 1025’
R.lg 024 00? 1023
R'BO 040 008 1017
R~-38 455 .09 1.15

In the past you have occasionally seen a 502 sale on installed insulation.

However, you haven't seen any sales recently and do not know if the lower
price will be available.

Furthermore, ,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-~projected price increases in energy, and 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 Requirements

(106Btu)
0-R-11 12.913
0-R~-19 : : 14,987
0-R-30 16.315
0-R-38 16.833

Fetermine: How sensitive is the optimal level of attic insulation to these
potential variations in costs.
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Slide 1

SENSITIVITY ANALYSIS —
INSULATION PROBLEM

« . X

A SO -

Sensitivity Analysis -- Insulation Problen
o0 Review the sensitivity problem statemen*.

o Ask the class to solve the problem or tv fcllow along with the solution
presented.




Slide 2

SOLUTION 1
A Annual Heating
A Insulation Requirement PV Savings

| Level (R) (108 Btu) ($)

{ 0 - 11 12.913 3,105

!
! 0-19 14.987 3,604
1 0 -30 16.315 3,923

i, 0-38 - 16.833 4,048
1 e.g., $16.77/108 Btu x 12.913 106 Btu x 14.34 = $3,105

Solution 1

o Explain the calculation of present value savings, working through the
calculation for R-11.

234
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Slide 3

SOLUTION 2

11 A Insulation PV Costs ($)

Luvel (R) Low Med. High

|
il o-1 150 300 390
',"

il o0-19 229 458 561
- 0-30 337 674 786
0 - 38 442 883 1007

.‘ l e.g.(%. x $.55) + (% x .$.09)(1.15)(1200 ft?) = $442 !

i
|:.‘,

Solution 2

o FExplain the calculation of costs, working through the calculation for
R-38 .
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Slide 4

SOLUTION 3

. PV Net Savings ($)
A Insulation

Level (R) Low cost Med. cost High cost

o-11 2,955 2,805 2,715
0-19 3,375 3,146 3,043

0-30 -~ 3,586 [3137]

O-38 3,165 3,041

e.g., $4,048 — $442 = $3,606

Solution 3

o Fxplain the calculation of net savings, working through the calculation for
R"'380

o Discuss the results.
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Section 17
51ide Presentation: Probability Analysis
The lecture material for this session is provided in the corresponding

section of the seminar Workbook. Explain the technique, list the steps, and

then iliustrate the technique primarily through the example.

PRY

17-1




Slide 1

Il PROBABILITY 1. List courses of action

ANALYSIS - . List possible states

APPROACH 3. Evaluate outcome for each
| course of action and state

. ‘Search for dominance
. Assign probabilities
Calculate expected values

N

TR AR S CRR IR YR
~N OO O o

. Choose course of action, 1
/I
" ' —

Probability Analysis -~ Afproach

o .Review the 7 steps in the approach,

<38
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Slide 2

¢

EXPECTED VALUE
CALCULATION

EVA = p1Xa1 + P2Xxa2 *+ ... PnXan

Expected Value Calculation

o Explain the calculation of expected value.
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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 warehouse 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. Twe ﬁourses of action are to be
considered: Course A, do not install the generator; and Course B, install the

generator.

The rationale for installing the emergency generator is to protect against
losses of stored goods which will result if there is a ;ower failure lasting
more than four hours. Based on past experience, the electric utility 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 estimates 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 wishes to make the decision on the basis of minimizing the
expected value ~' the overall cost of the operation. Should the generator be

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

240
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Slide 3

EMERGENCY GENERATOR

Annualized Cost, Given State

State 1: State 2:
Courses No power failure Power failure

of Action (p=.995) (p=.005)

A (do not install $0
generator)

$50,000

B (install generator) $815 $815
($5,000x%.163) ($5,000x.163)

Emergency Generator

o Refer the class to the "Emergency Generator" Problem Illustration in the
Workbook section on Probability Analysis, noting the step-by-step
solution,

o Go through each of the first five steps, referring to the relevant
information on the slide.
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Slide 4

EXPECTED VALUE CALCULATIONS

EVa = (0)(.995) + ($50,000)(.00F)
= $250

EVg = ($5,000)(.163)(.995) + ($5,000)(.163)(.005)
= $815

Decision - Do not install generator

Expected Value Calculations
Explain the expected value calculations.
Ask what the decision would be based on expected value analysis.
Discuss the conditions under which expected values are generally
acceptable for decision making and conditions under which the approach may

not be an acceptable decision criterion.

It may be useful to discuss risk preferences and utility theory.

42
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Slide 5

DECISION TREE

power failure $50,000

$250
do not install generator Ve (.00S)
$250 no power failure $0 i

(.995)
power failure $5,000%.163

$815
install generator (.005)
no power failure $5,000%.163

1 (.995)
\. ,

gt B - TS | M

Decision Tree

o Explain the use of decision trees in probability analysis, based on the
material provided in the Workbook.
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Section 18
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 °nergy system are two alternatives being considered
for retrofit to a number of gimilar Federal facilities. If the solar energy
systen is installed, the existing heating 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 chance that no major repairs or modifications
will be needed. If no major overhaul is needed, the combined life-cycle cost
of the solar/auxiliary system is estimated at $20,000; and if major overhaul
is needed, at $35,000. The lifa-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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Slide 1

PROBABILITY ANALYSIS —

HEAT PUMP VS. SOLAR ENERGY PROBLEM

probability Analysis -- Heat Pump vs. Solar Energy Problem

corporate it in the presentation, or
tration was adequate for class
.“

o Ask the class to solve the problem,(in
omit it if the preceding problem illus

understanding.




SOLUTION

. PV Cost

State 1: State 2:
1 Course No Overhaul Overhaul
i of Action - (p=.7) (p=.3)
i A (install $25,000 $25,000
)4 heat pump) |
; B (install solar) $20,000 $35,000
’
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EXPECTED VALUE

EVa = $25,000

EVg = ($20,000)(.7) + (35,000)(.3)
= $24,500

Expected Value

o Review results.,
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Section 19

Slide Presentation: Break-Even Anclysis

" This session is bascd on Section 8 of the Workbook. Explain the approach

and .discuss the different kinds of uses. Then illustrate the technique by

presenting the sample problem.

248
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BREAK-EVEN ANALYSIS

Break-Even Analysis

o Present the introduction.
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Slide 2

CONCEPT - Determine the value of a selected variable which
will equate benefits and costs

Concept

0 Discuss the concept,
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Slide 3

APPROACH

e Select a parameter whose variability is likely to affect
outcome

¢ Develop equation
* Treat parameter as an unknown variable

e Solve for value of unknown

e Evaluate likelihood that actual value will be greater or
less than solution value

INTERPRETATION

e Minimum requirement for indifference

Approach/Interpretation

o Discuss the approach and interpretation of results.

0t
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Fixed cost / variable cost tradeoffs

e Labor - machine decisions
* Rent - buy - make decisions

Uncertainty or variability in estimates

* Building or equipment life (payback)
* Investment costs

* Fuel price or escalation rate

* Savings

* Value of incommensurables

Uses

0 Give examples of how the technique is used.

202
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Break-Even Analysis Problem Illustration: Make-~Buy Decision

[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, GDut 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 5 percent. The source appears

reliable and compatible with other aspects of the facility's plan.

Preliminary estimates of the administrative, space, equipment, and maintenance
costs required for in-house production are as follows:

Allocated Space (S): $20,000

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

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

Equipment, Maintenance (M): $5,000/yr.
(These are rough estimates becauce they are dependent to some extent on the
quantity of steam to be generaced 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:

@53 19




Price of Coal per ton (PC): $45.00
Anticipated Plant Efficiency (Eff): 65%
Required Length of Service (N): 8 years

Anticipated Salvage at the End of 8 Years (S): 0

Btu Content per Thousand Pounds (Mlb) of . am: 1,05 x 106Btu

Btu Content per Ton of Coal: 22.5 x i00Btu

The facility planners are trying to decide whether to re¢ ~mmend that the steam
requirements be met through the outside supplier or by in-house production.

They believe life-cycle cost differences should be the deciding factor.

However, they are having difficulty with this cﬁmparison due to the

uncertainty regarding the amount of steam that will be demanded.

To do:
sist them with their decision by estimating the minimum quantity of annual

steam demand necessary for cost—effective 1n-house'production.
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Slide 5

PROBLEM: To meet steam demand

QUESTION: Make or Buy ?

CRITICAL FACTOR: Quantity demanded

Problem/Question/Critical Factor

o Refer the class to the problem illustration in the section of the Workbook
on break-even analysis.

o Discuss the problem statement, and explain that you will go through the
gsolution step-by-step.

e~
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Slide 6

B | BREAK-EVEN: MAKE-BUY DECISION

DATA - Outside bid = $10.00/M Ib of steam
(Escalation clause: A GNP index + 5%)

Production:

Overhead - Space = $20,000
Administrative = $10,000/yr.
Equipment - Purchase and installation = $200,000
Maintenance = $5,000/yr
Length of service = 8 years
Salvage = 0

Energy - Price of coal = $45.00/ton
Plant efficiency = 65%

.o~ 4 o

> mv———

ey ey e pe

!
\.
A
\
l.
!

Break-Even: Make-Buy Decision
o Discuss problem formulation. Explain that the approach is to equate the

cost of buying with the cost of on-site generation, leaving the quantity
of steam unspecified. Then solve for the quantity of steam.
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Slide 7

SOLVE FOR BREAK-EVEN QUANTITY (zMib) :

PV COST OF BUYING zMib = PV COST OF PRODUCING zMib

Solve for Break-Even Quantity (zM1b)

o Explain how the problem is formulated.

oY
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Slide 8

PV COST OF BUYING zMib = PP-zMib- UPW*g . 7% 5%

. 1+0.05 1+0.05) 8| |

!
!.
|
|
|
it

)

PV Cost of Buying zMlb

o Explain how the present value cost of buying the steam 1s calculated.

208
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s Slide 9

PV COST OF MAKING zMib =

- . z Mib-1.05x10%Btu/Mib
S+E+(A+M)-UPWg \, 70 * 1 0.65-22.5%10%Btu/ton

"PC- upwsyr. 7%, DOE:!]

e

PV Cost of Making zMlb

o Explain how the present value cost of on-site generation of steam 1is
calculated.




Slide 10

1, 1+ 0.05 1+0.05 \8 | .
A $10.00 x z MIF x .( = 000
. (om . o.os) [1 1+0.07 $220,000 +

| zMib x 1.05 x 106 Btu/MIb
($15,000 x 5.97)+ x $45/ton x 7.37
l | . 0.65 x 22.5 x 106 Btu/ton

; $73.562 Mib = $220,000 + $89,550 + $23.81 zMib
1 $49.75z Mib = $309,550
z  =6,222 Mib

¥ Annual demand for steam for cost-effective internal
production > 6,000 Mib

Annual Demand for Steam for Cost-Effective Iaternal Production

" 0o Review problem solution.

o 19-13
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Section 20
Team Problem: Break-~Even Analysis
This problem gives participants experience in performing hreak—-even
analysis. Allow about five minutes for the class to read the probie
Discuss the problem. Ask the teams to solve the problem. Ask each team for

its recommendation. Present and discuss the solutiom.
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Team Problem: Break-Even Orders for a Computerized Procurement System

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

Problem Statement:

A Federal agency procurement office is considering the pufchase of a new
computerized system that is expected to cut average'labor time per order in
half. The number of orderg has been identified 88 ; key determinant of the
cost effectiveness of the system, and management ﬁishes to make the decision

based on cost effectiveness.

Past trends in procurement orders have been analyzed, and a projection has
been made of future orders in terms of lower and upper boundary estimates.
Over the next three years, the average projectéd low estimate is 500 orders
per year and the aver?ge high is 800. Cther data and assumptions are given

below: f
' |

Data and Assqu;ions:a

System purchase and 1ﬁ@tallation cost = $45,000
Annual maintenance cosﬁ = $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 = 0
Labor savings per order = §12.00

(Constant dollars)

To Do:
Bagsed 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 not regarded as an energy conservation project. |
20-
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Slide 1

BREAK-EVEN: LABOR-MACHINE DECISION

QUESTION - Will a new computerized procurament system that
cuts average labor time per order in half be cost
effective ?

DATA - EQUIPMENT: Purchase and installation = $45,000
Annual maintenance contract = $2,000

t Service ct.arge per order = $1.00
System life = 10 years
Salvage = 0

- LABOR: Savings per order = $12.00

Break—-Even: Labor—-Machine Decision

0o Present the problem.

" 200~ 2 6 :’
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Slide 2

BREAK-EVEN: LABOR-MACHINE DECISION

SOLUTION - Find break-even no. of orders and compare with
projected no. of orders

PV costs = PV savings

$45,000 + ($2,000 x UPW;g) + ($1.00 x no.orders x UFW,q) =
$12.00 x no. orders x UPWjo

$45,000 + ($2,000 x 5.145) + ($1.00 x no. orders x 6.145) =
$12.00 x no. orders x 6.145

$45,000 + $12,290 + 6.145 no. orders = 73.74 no. orders

67.60 no. orders = 57,290

Break-even no. orders = 847.49 annually

Break-Even: Labor-Machine Decision

o Review problem solution.

6]
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Section 21

Computer Room Waste Heat Recovery Problem (70 Minutes)
This problem gives workshop participants the experience of calculating the net
savings and the SIk for an energy conserving retrofit of an existing building.
It is slightly more complex than previous problems in that calculations of
Btu's saved and their conversion to pounds of steam are required for making
t 1e econcic analyses. A break-even measure of the purchase and inétallation
price of the heat exchanger is also computed. Since first costs of retrofits
are not always certain,.a range of first costs is used throughout the problem
go that answers are bracketed. Project impacts are measured in terms of the
absolute and percentage reductions in Btu consumption, both at the boundary
for steam, and at the source for coal. Thus, this problem treats side issues

thut often arise in additiua to the traditional cost ¢ «ctiveness measures.

Allow approximately five minutes for the class to read the problem. Then
explain the objectives of the problem as described above. Elaboratg on the
equation that calculates Btu's and ccnverts them to pounds of steam provided
in statement nine under Data and Assumptions. Ask for and answer questions

about the problem. ’
Ask the class to proceed through the worksheets. Intervene after an
appropriate work time between each worksheet to explain how the blanks were

filled in,

Conclude the problem with a brief summary and a question and answer session.
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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 inatall a heat exchanger (with necessary piping and valves) for
recovery of heat 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 95°F 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 (M1b) is currently used to heat
domestic hot water for the office duilding. The energy content of the steam
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 | gallon per person per day (GPD).
The building is occupied 252 days ber year and daily occupancy averages 5,000
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 95°F waste condenser water is routed will preheat it to 80°F.

(5) The irstalled cost of the heat exchanger (including all piping,
insulatton and valves) 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 system is estimated at $200 per

year in constant dollars.

(7) A replacement cost of $500 (constant dollars) for retubing the heat

exchanger is expected at the end of 15 years.

() with proper maintenance and periodic replacements, the system is expected

to last at least 25 years.

Note: Annual Energy Consumption (Mlbs. of steam) = [GPD x P x Dy/ir X

8.34 1b/G x AT] + 1.05 x 106Btu/Mlb.

Determine:

(A) Net present value savings.
(B) SIR for ranking this project relative to other projects.

(C) The break-even purchase and installation price of the heat exchanger.

\ _//} ~
\
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Slide

Number

Computer Room Wagte Heat Recovery Problem

Remarks to Help the Class

Slide Title

Energy Costs Without the Retrofit

Note that steam is the energy type. Explain step-by-step how

the annual quantity is calculated.

The UPW* factor is for coal, because coal is the fuel used to
generate steam, and escalations in coal prices are assumed to

be passed on through escalation in steam prices.

The annual quantity of energy consumption is computed by
multiplying the number of pounds of water required by the
number of degrees the water is to be raised and then dividing
the product by the conversion factor to yield an answer in
thousands (M) of pounds.

1 GPD x 3000 P x 252 Dy/Yr x 8.34 1b/G x (120°-60°) . 360. 3M1b/Yr

1.05 x 10% Btu/M1b

Energy Costs With Retrofit - o

The annual quantity is computed with the same formula as used in
slide 3, but with a temperature increase from 80°F to 120°F jnstead

of 60°F to 120°F.

Investment Custs with Retrofit

Actual costs are bracketed, and therefore subsequent calculations

involving actual costs will be bracketed.
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Computer Room Waste Heat Recovery Problem (Cont.)

Slide
Number

Remarks to Help the Class

Slide Title

10

11

14

Annual Nonfuel O8M Costs With Retrofit

The UPW factor, from page 115 of Handbook 135, for N=25, is
11.65. Note that the UPW factor and not the UPW* factor is used

because the annual amount is fixed.

Nonannual O&M, Replacement, and Salvage With Retrofit

The SPW factor, from page 114 of Handbook 135, for N=15, is «36.

Direct Calculation of Energy Savings

The Handbook 135 worksheets are designed to accommodate a diversity
of project analyses and are offered mainly as an aid to

organizing the material. For many problems, however, it may be
faster to go directly to differences between alternatives rather
than compute the TLCC of each and then find the difference. The
difference approach is illustrated in this slide. It shows a
shortc;t method to arriving at net savings of the retrofit. Since
the heat exchanger raises the input water temperature 20°F, it
saves the energy required to raise the required water by 20°F.,
.hese dollar energy savings ($17,218) can be calculated directly

with the first formula, Subtracting all costs associated with the

heat exchanger yields a net savings in the range $8,408 to $9,308.
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Computer Room Waste Heat Recovery Problem (Cont.)

Slide
Number

15

16

Remarks to Help the Class
— e

Slide Title i

SIR

Explain that if the project ranking relative to other projects is
unambiguous at this point (e.g., other SIR's are 1.5, 2.2, 5.0 and
10.0), then project ranking is not sensitive to the variation in
investpent cost estimated in this problgm. However, in some cases,
uncertainty about some aspect of a project might be cause to seek
further information. For example, if the SIR's based on the
estimated low and high ends of the cost raage were, say 2.0 and
10.0, while competing projects had SIR's within this range, further
information would be needed to rank the project in question

relative to competing projects.

Break-Even Purchase & Installation Cost

The Pgg 18 the amount one can afford to pay for the heat exchanger
and just break even on savings. The break*ﬁ%en cost in terms of

what one could afford to pay (Pgg) equals $14,708.




Slide 1

COMPUTER ROOM
WASTE HEAT RECOVERY PROBLEM

\
4

Solution

21-7 271




Siide 2

/

IDENTIFYING INFORMATION

BUILDING:
LOCATION Washington, D.C.
DOE REGION 3
USE Office Building
TYPE Commercial
LIFE Indefinite

PROJECT Recovery of waste heat from computer room
chiller to preheat domestic hot water

PROJECT LIFE 25 years
STUDY LIFE 25 years

Q 21-8 272
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Slide 3

A. ENERGY COSTS WITHOUT RETROFIT

ANNUAL UNIT COST/ PV
TYPE QUANTITY PRICE YEAR UPW* COSTS

STEAM 360.3 M Ibs. $9.00/M Ibs. 3243 15.93 51,654

TOTAL 51,654

[ 1 GPD x 3006 P x 252 Dy/yr x 8.34 Ib/G X (120-60) | +

1.05 x 17 Btu/M Ib = 360.3 M Ibs

-
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Slide 4

)

E. TLCC WITHOUT RETROFIT

I. PV ENERGY 51,654
2. PV INVESTMENT

3. PV ANNUAL O&M

4. PV NONANNUAL O&M

5. PV REPLACEMENT

6. PV SALVAGE

7. TLCC

A4d




Slide 5

F. ENERGY COSTS WITH RETROFIT

. ANNUAL  UNIT COST/ PV
TYPE QUANTITY PRICE YEAR UPW*® CCSTS

STEAM 2402 Mibs .00 2162 1583 34,436

N — !
TOTAL 34,438

[ 1GPD x'3000 P x 252 Dy/yr x 8.34 In/G % (120-80) ] =
1.05 x 106 Btu/M ib = 240.2 M Ibs

21~i1
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Slide 6

G. INVESTMENT COSTS WITH RETROFIT

1. ACTUAL COSTS

2. ADJUSTMENT FACTOR

3. ADJUSTED COSTS
4. RENOVATION COSTS

5. ADJUSTED PV

oo
I

21-12

6,000 - 7,000
| 0.9

5,400 - 6,300
0
5,400 - 6,300
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H. ANNUAL NONFUEL O&M COSTS WITH
RETROFIT

1. 2, 3.
AMOUNT UPW PV COSTS

200 11.55 2,330

A

21-13




Slide 8

i. NONANNUAL O&M, REPLACEMENT, AND
SALVAGE WITH RETROFIT

2. 3. 4. 5. . 7. 8.
O&M | REPLACEMENT | SALVAGE | SPW PV PV
COSTS COSTS VALUE REPLACEMENT | SALVAGE

500 . 180

|
|
!

€)™ )
27
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Slide 9

J. TLCC WITH RETROFIT

1. PV ENERGY 34,436

2. PV ADJUSTED INVESTMENT 5,400 - 6,300

3. PV ANNUAL O&M 2,330

4. PV NONANNUAL 0O &M
S. PV REPLACEMENT

6. PV SALVAGE

7. TLCC

7Y
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K. NET SAVINGS OF PROJECT

1. TLCC WITHOUT " 51, 654
il 2 Tcc with 42,346 - 43,246
1 3. NET sAvINGS 8,408 - 9,308
o
’:.
SH()
21-16
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ALTERNATIVE TO LCC WITH & WITHOUT RETROFIT:
DIRECT CALCULATION OF ENERGY SAVINGS

( [GPD x 3,000P x 252 Dy/yr x 8.34 Ib/G x (80-60)] =+

\AT of retrofit

1.05 x 106 Btu/m Ib) x $9.00 x 15.93 = $17,218

Subtract costs:
17,218 - (5,400 -+6,300) - 2,330 - 180 = 8,408 -»9,308
i.e, Net savings = Savings - Costs = TLCC - TLCC

without with
retrofit retrofit




Slide 12

1. NUMERATOR
a. A ENERGY COST
b. A NONFUEL O&M
c. NUMERATOR

~ 2. DENOMINATOR
INVESTMENT
b. REPLACEMENT
c. SALVAGE

d. DENOMINATOR

a.

3. SIR -

L. SIR

(51,654-34,436)= 17,218
-2,330
14,388

5,400 - 6,300
180

5,580 - 6,480

2.30 - 2.67

-
R 4

-
-
{ -
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BREAK-EVEN

PURCHASE & INSTALLATION COST (Pge)

Costs = Savings

P WY

. \
P +(0&M)+R=E

P ge=$17,218 -$2,330 -$180
P = $14,708




Section 22

| Slide Presentation: Replacement, Retirement, and Obsolescence
This session 1s based on the material provided in the Workbook section on
replacement. Discuss the objective, distinguish the various concepts of life,

and present tne problem illustrations.

by

281
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Slide 1

Replacement, Retirement,
and

Obsolescence

Replacement, Retirement, and Obsolescence

o Present the introduction.

ro
¢
-~
=7
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Slide 2

CONCEPTS OF EQUIPMENT AND FACILITY LIFE

e Economic life

o Useful (physical) life

e Accounting life

* Ownership life

* Warranted life

* Technical obsolescence

e Economic obsolescence

Concepts of Equipment and Facility Life
Discuss the different concepts of life and explain that the topic of this

session s "cconomic life” and the related concept "economic
obsolescence.”

286
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Slide 3

ESTIMATING ECONOMIC LIFE =
DETERMINING OPTIMAL REPLACEMENT POLICY

Annual
O&M Cost Reduction
in Quality
$ $
Time in Use N ‘ Time in Use
Annual
$ Cost
Annual .
Owning Optimal
Cost :
' Time in Use Service Life

Estimating Economic L' fe = Determining Optimal Replacement Policy

o Expla‘n that estimating tte economic life is synonymous with determining
the optimal replacement policy.

o Discuss each component of cost shown in the first three graphs and explain.
the influence of each on optimal replacement.

o Discuss the fourth graph which sums the costs of the first three graphs,
pointing out the implication of the shape of the curve.




Illustrative Problem:

Determining Optimal Replacement of Like Equipment

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

Question:

Data and Assumptions:

0 Identical constant dollar costs (C) for present and future replacement
units of E, of 320,000

o Uniform benefits.

o Long duration of service

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

The following resale values (S) and operation, maintenance, ard repair

costs (O+M+R) for each year the equipment is in service:

Year
in
Service

o
1
2
3
4
5

Approach:

annualized cost (AC(n)) is minimum, where

n
AC(n) = [C - (S(n) x SPW(n)) +] [(O+MR)y x SPWy]] x UCR(n)

Resale

Value

(constant $)

12,000
10,000
8,000
6,000
2,000

i=1

22-5

O&M
Cost

(constaat $)

&r"

g

o

2,000
3,000
4,000
5,000

6,000

Find the number of years until replacement (n) for which the

eds




Glide 4

DETERMINING OPTIMAL REPLACEMENT
OF LIKE EQUIPMENT

EXAMPLE

““e |dentical constant $ costs for present and teplacement units
¢ Uniform benefits
¢ Long duration of service

YEAR RESALE ANNUAL O&M EQUIVALENT
IN VALUE COSTS ANNUAL COST
SERVICE _S $ $
12,000 2,000 L —
:10,000 3,000 —
8,000 4,000
6,000 5,000
2,000 6,000

Determining Optimal Replacement of Like Equipment

Refer class to the i .lustrative replacement problem in section 9 of the
seminar Workbook.

0

o Discuss the assumptions given in the Workbook, and explain the cost
elements required to solve the problem,

<8

22-6
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Slide 5

CALCULATE EQUIVALENT ANNUAL COST

FOR DIFFERENT REPLACEMENT TIMES

(: -1tate Equivalent Annual Cost for Different Replacement Times

» Discuss the solution approach and explain how the annual costs are
calculated for alternative replacement times.

L)

LY

290
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3lides 6-11

AC(n) = [ C-(S(n) x SPW(n)) + ;§'1 [(0+Mm,+R;) x SPW;] ] (UCR(n))

(]

AC(1) = [[$20,000- (12,000 x 0.93)] + (2,000 x 0.93)] (1.07) = $11,449
AC(2) = [ $20,000 - (10,000 x 0.87)]+[(2,000 x 0.93) + (3,000 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 « 0.87) + |
(4,000 x 0.82) + (5,000 x 0.76)]](0.295) = $7,962

AcC (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 0.71)]] (0.244) = $&,391

AC(n), AC{1), AC(2), AC(3), ATH), AC(5)

o Go through several of the calculations for different replacement times.

Il
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Slide 12

DETERMINING OPTIMAL REPLACEMENT
OF LIKE EQUIPMENT

EXANMPLE

Identical constant $ costs for present and replacement units
Uniform benefits
Long duration of service

YLAR RESALE ANNUAL O&M EQUIVAI FNY
IN VALUE COSTS ANNUAL CO:
St RVICE $ $ $
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 8,000 7,962 °
S 2,000 6,000 8,391

Determining Optimal Replacement of Like Equipment

0 Point out the optimal replacement time.

N

; 129292
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~,.
RESULTING REPLACEMENT POLICY
Scheduled Scheduled
replacement replacement
, ?EAM)
L L | 1 | |
1982 1983 1984 1985 1986 1987 1988
Resuiting Replacement Policy
o Note that the preceding analysis supports the replacement schedule depicted
in this slide.
293
22-10
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DETERMINING REPLACEMENT WITH UNLIKE EQUIPMENT

" Scheduled Schisduled
AC 1 replacement replacement

($) Ea E(4)

000 '

5,000 — Eg (6)

i | I |
1983 1984 1985 1986 1987 1988

equipment is
expected to
become available

What decision do we make for 1984 ?

| Impruved

Determining Replacement with Unlike Equipment

o Introduce the new information presented in the Workbook illustrative
problem. “

o Ask what decision should be made 11 1984,
o Ask for alternative decisions.

o List these alternatives on a flip chart.

R

o 22-11
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Slide 15

q

 Keep existing equipment until 1985, then innovate
Q)

2
9% 995&\9"5&5'\' g S o ;“"k W

pv = [ $6,000 - ($2,000 x 0.93)] +($6,000 x 0.93) + [ $5,000 x 2.62 x 0.93)]
= $21,903

Keep Existing Equipment Until 1985, Then Innovate

o Determine the present value cost of this alternative.

22-12




Slide 16

* Replace in 1984 with £, and innovate in 1985
A s

X et ne o W
P gl o P L7 R gl L

PV = [ $20,000 - ($12,000 x 0.93)] +($2,000 x 0.93) + ($5,000 x 2.62 x 0.93)
= $22,883

Replace in 1984 with Ep, and Innovate in 198

o Determine the present value cost of this alternative.

2I6
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slide 17

e Replace in 1984 with Ea and wait until 1988 to innovate
N
\“4 -

pOe e
PV = $8,000 x 3.39 = $27,120

' : and Wait Until 1988 to lmnovate _ f,

Replace in 1984 with Ep

Determine the present value cost of this alternative.

R97 ‘
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;u. ' - Section 23 ,

Team Probiem: Determining Optimal Retirement of Equipment
This session is intended to give participants experience in solving

replacement problems. Allow the class about five minutes to read the problem.

Discuss the problem. Ask the teams to solve the problem. Ask for the

| results. Review the solution.

-




' .

Team Problem--Determining Optimal Retirement of Equipment -

(Note: This hypothetical example is intended only to illustrate the
techniqueg] . ‘ —

1

-

Problem Statement: The existing motor-generator sets which power rgssenger
and frq!i;t elevators in a Federal building complex consume 2 million kWh's of

electriflity 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 tnan, the general inflation rate. '

With an extensive overhaul and modifications costing $50,000, it is estimated
that annual power consumption could be reduced by 15 percent and equipment
_life extended to as long as 25 years. Without the overhaul, the equipment .is
expected to last another 5 years, at which time overhaul will no longer be
. feasible, ' : -
New elevator power equipment is available at a purchase and installation cost
of $400,000. It will cost $20,000 to remove and dispose of the old equipment
and to prepare 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 equiprent is expected to be 25 percent more energy efficient
than the existing equipment without the overhaul. The new equipment is
expected to last for the duration of the building life which is estimated to
be indefinite. .

No appreciable difference 1s 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 »gtate-of-the-art" for the foresceable future, and
{ts 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 be derived from makfng the cost-effective
decision. ‘

239
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ALTERNATIVES - REPLACEMENT OF
ELEVATOR MOTOR - GEMERATOR SETS

e Keep existing equipment "as is” for 5 years, then replace with
new equipment

* Overhaul existing equipment
¢ Retire existing'equipmént immediately

£
\

Alternatives--Replacement of Elévator Motor-Generator Sets

o Discuss the .aiternatives. . ‘

300
-3
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Y . Slide 2

'SOLUTION: COMPARE PV COSTS FOR 19€--1988
UNDER ALTERNATIVES

Solution: Compare PV Costs for 1984-1988 Under Alternatives

o Explain approach for solving the problem.

371
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Slide 3

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 $0.08KWh x UPW; . 7. 5o ] + [($400,000 + 20,000) x SPWy; s, 79, ]

ENERGY COSTS,
YRS. 6-25

+ [(1-0.25) x 2,000,000-x $0.08 x SCAg ;. 5o, X UPW3g v 70 19, X SPWg p 70 ]
= [2,000,000 x$0.06 x 4.73] + [$420,000 x 0.71] + [0.75 x 2,000,000 x
$0.06 x 1.28 x 11.53 x 0.71}

= $1,808,862

Keep Existing Equipment “"As Is” for 5 Years, then Replace

o Show how the present value of this alternative is calculated.

C
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Slide 4

RETIRE EQUIPMENT IMMEDIATELY

NEW EQUIPMENT ENERGY COSTS, YRS. 1-25

PV = [$400,000 + 20,000] + [(40.25) x 2,000,000 x $0.06 x [UPW_ yr. 7%, 5% +

(SCAs y, 5% X UPW3q v 70, 19 X SPWg , 70,)1]
= $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 .

Retire Equiprent Immediately

o Show hnw the present value of this alternative is calculated.

. 293 3
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Slide 5

OVERHAUL EXISTING EQUIPMENT

| OVERHAUL ENERGY COSTS,
d COST YRS. 1-25

PV = [$50,000] + [(1-0.15) x 2,000,000 x $0.08 X[UPW; , 7o, 50, +

; (SCAg yr, o, X UPW2g yr 704, 19 X SPW5 o 70,

= $50,000 + [0.85 x 2,000,000 x $0.06 x [4.73 +(1.28 x 11.53 x 0.71)]]
= $1,601,263 |

.
' ~Fe
L ~ ey
’ a
1

Overhaul Existing Equipment

0 Show how the present value of this alternative is calculated.

N n 304




Slide 6

COST-EFFECTIVE DECISION

 Overhaul existing equipment

¢ Net savings:

— $207,599 Relative to keeping equipment ‘‘as is’’ for
5 yrs, then replacing

— $187,499 Relative to retiring existing equipment
immediately

Cost-Effective Derision

. o Point out which alternative action results in lowest present value cost.

3(\7‘-'
fy
AR W
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Section 24

Team Critique of an Economic Evaluation Report

The purpose of this exercise is to give workshop participants the

experience of analyzing an economic report in a team context. The report
contains common errors in problem formulation (defining objectives and
alternatives), selection of assumptions, application of techniques (analysis),

and presentat ion of recommendations.

Establish teams of three to six members, with each team composed of
persons who normally do not work together. Ask each team to select a
representative to present to the class the team's recommendations for an
improved report.

} Give the teams about 30 minutes to complete their ;nalysis“ Then call on
a team representative for suggestions in the first category (i.e., problem
formulation). Ask other representatives for additions and comments. Include
all of the potential errors listed below that the teams overlook. Ask another
representative for suggestions regarding the second category (i.e., selection

of assumptions) and continue that process until all categories are covered.

Queétion the class about the following possible errors if they fail to

identify them in their presentations.

l. Problem Formulation

l.1 1Is it likely that maximizing net savings with a limited budget is the
sole objective of the agency?

1.2 1Is it appropriate to ignore alternatives whose benefits and costs are
difficult to compute?

24=1 306
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2. Asaymﬁtions and Data

2.1 How will different study periods affect the analysis?

2.2 What is wrong with using diffefent discount rates? A rate different
from 727

2.3 1s it correct to discount future costs expressed in current dollars
with a real rate? -

2.4 Are current dollars acceptable in FEMP?

2.5 Does the total budget have to be spent? For example, would remaining
funds have to be returned?

3. Analysis
3.1 Should the SIR be used instead of NS to rank projects?

3.2 Does a payback of less than four years mean that projects: are cost
effective?

3.3 1Is the documentation (footnote "a" of table 1) on underlying data
sufficient to decide if the economic measures were computed
properly?

3.4 Should possible interdependencies between cdnservation retrofits
(e.g., storm windows and insulated window drapes) be considered?

3.5 How are costs adjusted for the .9 factor?

4, Recommendations

4.1 1Is the reason for rejecting the use of cool night air appropriate?

4.2 Are the recommended alternatives economically efficient? Were they
chosen for the right reasons?

4.3 Would it be economical to invest excess money (i.e., remaining
- funds) in partial accomplishment of some of the alternatives? For
example, some windows could have storm windows and drapes added.

Conclude with the following analysis of what conservation alternatives

would be economically efficient with each budget situation:

24-2




ERRATA SHEET FOR NBS Technical Note 1194

"ECONOMIC IVALUATfON OF BUILDING DESIGN, CONSTRUCTION, OPERATION AND MAINTENANCE: INSTRUCTOR'S MANUAL,"
) Replaces pp. 24-3 and 24-4

BEST COPY AVAILABLE . by Fosalie T. Ruegg and Harold E. Marshall

SUMMARY OF RECOMMENDATIONS®

SIR , First Cost Total Life-Cycle
Budget Package of fo: EBach of Savings for Net
Level Retrofits Retrofit Retrofit Package Package Savings
(1) (2) : (3) (4) < (1) (5) . (6) = (5) - (4)
Roof Insulation 20.4 ’ : .,
$92,000 Flow Restrictors 18.3 $59,000 $334,000 $275,000
- Time Clocks 4.2
145,000 Time Clocks 4.2 143,900 502,000 358,100
Storm Windows® 3.0
Roof Insulation 20.4
Flow Restrictors 18.3 .
400, 000 Time Clocks 4.2 345,000 816,300 471,300
Storm Windows 3.0 | !
Insulated Drapes l.1

4The most economically efficient package of conservation retrofits for each budget level (as shown in the
table) is that package which maximizes net savings (in present value terms). This may require passing over
projects with high SIR's in favor of large projects with lower SIR's, as illustrated here with the
$145,000 budget choice.

.

bAan assumption in this table is that conservation projects such as storm windows cannot be done in smaller
T;trsrtn with remaining funds. : '

: Q 309




~ Energy Conservation Feasibility Study

Federal Building 1
wa’hington ’ D.C.

Submitted by
XYZ Associates
Contractors Park, USA

[Note: This is purely a hypothetical example intended only as an
instructional aid for illustrating important elements of an economic

evaluation report.)




l. Objective and Scope .

Is
(it

This report analyzes six alternatives for reducing utility costs in Federal
Building I, an existing office building in Washington, D.C. The report

“6
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 alternatives are time clocks fqp lighting control, additional roof
insulation, storm windows on the North side, flow restrictors for saving hot
vater in restrooms, use of cool night air to precool the building during the
summer, and insulated window drapes. Other alternatives were considered, but

they were rejected because their sqvings were difficult to calculate.

3. Assumptions and Data
A study period of 25 years is used for energy retrofits, and a study period of

20 years is used for the flow restrictors.

A real discount rate of 1N% is used for evaluating the roof insulation and
time clocks, and a real discount rate of 132 is used for the rest of the

retrofits.

All future costs that are discounted to present values are stated in current

dollars to account for inflation.

24-6
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1

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 expectea are ass;ﬁed as follows: $92,000; $145,000& and SaO0,000,

An economically efficient set of retrofit projects is selected for each of the :

three budget levels.

a8 Occupant satisfaction with the building in terms of thermal comfort, lighting

levels, and water supply are assumed to be unaffected by the proposed

retrofits.

4, Analysis

The conservation retrofits are arranged in descending order of their cost
effectiveness. Since the objective is to maximize net savings from
conservation retrofits, column 4 (net dollar savings) determines the ranking

of the six projects.

All projects except using cool night air to precool buildings in the summer s
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 net savings under each of three budget scenarios, each project

4

should be selected in the order given by column 5 until net savings become

zero or negative, or until the budget is exhausted.

312
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Table 1. Summary of Conservation Retrofits

Total Life-Cycle Firastc Net
Cost Savings 3 Cost Savings Economic
$ . $ SIR $ Priority
Retrofit (1) (2) (3)=(1)+(2)  (4)=(1)-(2) (5)
Storm Windows on 276,000 90,500 3.0 185,000 1
North Side . N
Time Clocks for 226,000 53,400 a2 172,600 .2
Lighting Control}, ‘
Flow Restrictors 55,000 3,000 18.3 52,000 -3
in Restrooms ' .
Roof Insulation 53,000 2,600 20.4 50,400 4
Insulated Window 206,300 195,500 1.1 10,800 5
Drapes
Coal Night Air 130,000 140,000 0.9 -10,000 . 6
Yo Precool Building
in Summer

aThe data and calculations that underly the cost and savings figures in this table are
available from a research assistant at XYZ Associates.

——
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S? Recommendations

For a budget of $92,000, storm windows on the ﬁorth side of the butiding
should be installed. Storm windows yield the greatest net benefits. The
$1,500 remaining is insufficient te'undertake any of the other projécts.
For a budget of $145,000, both the storm windows and the  time clocks should be
installed. The $1,000 remaining is insuffici:nt to undertake any ccher

project. °

For a budget of $400,000, all of the projects except using cool‘night air to
precool the building in summer should be selectéd. tiaving a budget larger
than te cost of all available alternatives is equivalent to having no budget
constraint. Therefore any project uxth a relatiuely large SIR should be |
undertaken. Using cool night air is reje:;ed because its SIR is lower than
any of the other retrofits. For this reason it would not be acceptable,

regardless of the budget size. ’ e

‘u 2{31 4
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' - Appendix A

3 Sample R ~
. -3eminar Agenda
. a

Day -1
8:45 Preliminaries "
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 Diséounting (Séction 11) '
11:00 1CC, NB, NS, BCR, SIR, IRR, and PB Analysis . i
12:00 . Luncﬁ ) ‘ ., |
1:15 Pipe Insulation Retrofit Probleﬁ (Seétion 5)
2:15 Break \ .
2:30 ¢ Programmable Time C;ock Problem (Sectiona‘ld and 11)

3:30 Review and Discussion

4:15 Adjournment A

R/

o
* References in parentheses are to sections of the Workbook.

a-1315 | .




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

3:45

[ e

Review of lst Bay Hat;ilal = Questions and Answers
Determining P;ojcgt Priori:y

Water Conservation Problem (Sections 10 and 12)
Break

Project Design, Sizing, and Selection

Treatment of Cost !ocalatio:'\.

Lunch

Team Problem - Planning an Energy Conservation Package (Sections 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 &)

Adjournment
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8:45
9:15

10:00

10:30
10:45
12:00
1:15
1:45

2:15
2:30
3:20
3:45

Day 3

Review of lst and 2nd Day Material - Questiens and Answers
Break-Even Analysis (Section 8)

Team Problem ~ Break-Even Analysis in Support of a Labor/Machine
Decision for Procurement (Section 14)

Break *

Computer Room Waste Heat Recovery Problem (Sections 10 and 12)
Lunch

Replacement, Retirement, and Obsolescemce (Section 9)

Team Problem ~ Determining Optimal Retirement of Equipment
(Section 14) I

Break
Team Critique of an Economic Evaluation Report (Section 15)
Group Discussion of Economic Evaluation fer Muilding Decisions

Adjournment

317
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Appendix B

Selected References

The American Institute of Architects, Life-Cycle Cost Analysis: A Guide for
Architects (Washington, D.C.: 1977).

Booz-Allen and Hamilton, Inc., Life-Cycle Costing in the Public Building
Service, prepared for the General Services Administration (Vol. I, 1976 and
Vol. II, 1977)0

Brown, Robert J. and Yanuck, Rudolph R., Life Cycle Costing: A Practical Guide
for Energy Managers (Atlanta, Ga.: The Fairmont Press, Inc., 1980),

Dell'lsola, Alphonse J. and Kirk, Stephes/J11‘tife-Cyc1e Costing for Design
Professionals (New York, N.Y.: McGraw-Hill Book Gompany, 1§§1§.

Executive Office of the President, Office of Management and Budget, "Compar-
ative Cost Analysis for Decisions to Lease or Purchasc¢ General Purpose
Real Property,” Circular No. A-104 (June 14, 1972), Attachment,

Marshall, Harold E. and Ruegg, Rosalie T., Energy Conservation in Buildings: |
An Economics Guidebook for Investment Decisions, National Bureau of

Standards Handbook Series 132 ZWashington, D.C.: National Bureau of

Standards, March 1980).

Marshall, Harold E. and Ruegg, Rosalie T., Recommended Practice for Measuring
Benefit/Cost and Savings-to-Investment Ratios for Buildings and Building
Systems, National Bureau of Standards Interagency Report 81-2397 (Washing-
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