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PREFACE y

. ABOUT ENERGY TECHNOLOGY MODULES . ' R

* The modules were developed bf TERC-SW for use in two-year postsecondary technical
institutions to Drepare technicians for employment and are useful in industry for
- up-dating employees 1n~company-sponsored training programs. The pr1nc1p1es, techniques

and skills taught 1n the mo@ples, based on tasks that® energy techn1c1ans perform,

i

were obtained from 'a nationwide advisory commlttee of employers of energy technicians.

Each .module was‘wrltten by a techn1ca1 expert and approved by representatives from
b -

’

industry.- ' : . .
R .A module contains the following elements: ‘ ' .
- . - . 1 -
' . - .
- Introduction, which identifies the topic and often includes a rationale for,
. studying the material. 4

Prereguisftes,lwhich identify thé material a student dhould be familiar
with before studying .the module. .

Objecéives,.which clearlyyidentify what the student is expected to knowlfor

. satisfactory module completion.( The objectives, stated in terms of action-
oriented behav1ors, include such action words as opérate, measure, calculate,
identify and derlne, rather thah words with many 1ngerpretatxons, such as know, .

-

understand, learn and appreciate. .

Subject Matter, which presents the background theory and techniQueé supoortive
to the ob;ectrves of the module.. Subject matfer-is written w1th the technical R

student in mind. . & : . C .
ExerC1ses, which prowlde practical problems to which the student can apply this -~
‘new knowls e. oo .

Data Tables, which are included in most modules for the fir§} year (or basic)

) gourseg to help the student learn how to collect and organize data.
] . ‘
References, which are included as Suggestionﬁjfor'supplementary rgadizgir}ewing.

fér the student. - .

Glossary, which defines and explalns terms or words used within the module that
s are uncommon, technlcal, or anticipatéd as being unfamiliar-to the student.
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ENERGY ECONOMICS
INTRODUCTION

In recent years the prices of energy have increased
faster than the prices of most other commodities. Just
how much they have increased can be seen by examining the

following table. -
g

U.S. -NATIONAL AVERAGE PRICES
OF DIFFERENT SOURCES OF ENERGY IN RECENJ YEARS.

: Residential
Residential Heating Gasoline Elgctricity
0il (¢ per gal) (¢ per gal) (¢ per kWh)

28.4 38. .38
41. 58.6 .45
45, 62. .03
48, 64 . .10
64. ' 81. 421

T
Energy users are beginning to reallze that some sources

of energy, such as oil and natural gas,. are going to be
more difficult and more expensive to find and produce As

. a result, there is an 1ncreased interest in f1nd1ng ways

to reduce energy use, Whenever energy use-is reduced it

is said that energy has been conserved.

. ‘Too much of a reductaon of energy use, however, can

produce adverse effects For. example it might be acceptable
to raise the temperature in an office building by 5°F durlng

N




-8
£

- be wise. Thus, every energy conservation measure should

the €ooling segson in order to reduce energy use. The result,

of cour'se, would be that the energy-using cooling unit would
turn on less frequently. “On the.other hand, if the tempera-
ture were to be raised even further, thereby conserving
even‘more energy, the people who’work‘in the building would
become ‘uncomfortable. In this case, work effectiveness
would suffer and the energy conservation measure would not

be analyzed to determine exactly how nuch energy it will
save and what its.total effects w111 be.

The energy specialist can 1ncrease the financial well-
‘being of an individual or an organlzatlon by analyzing and i
1mp1ement1ng methods for decreasing the amount of money
thhx is spent for energy. Many opportunities'to reduce
energy costs requ1re that money be spent for energy-saving
devices. , For example, typical‘devicesxinclude insulation
or a microcomputer that’will control‘roon temperatures.
However the cost of the project must be compared to the
energy savingsg it mlght generate. This, and other such
51m11ar tasks, is the job of an energy: spec1w115t.

. Energy Economlcs is .a coursa designed to famllrarlze

the student with the energy conserving and cost-saving mea-
sures~that are ava11able, as"well as the analy51s techniques

o-thaf are necessary for accurate evaluation of energy '‘projects.

The course contains the follow1ng modules:

-, s . —

Modufe EE-01, '"Fundamentals of Energy Cost Ana1y51s "
1ntroduces the student to some of the fundamental pr1nc1p1es
of economlqs and shows How these pr1nc1p1es can be applied *
to energy conseryatlon and use Because analyses must be
made of the longirange economlcs "benefits realized in energy

-conservatlon pro;ects with regard te\thelr costs agd the

cost savings they generate dlfferent 'kinds of costs are



used to analyze the costs and cost savings of energy projects.
.The 1mportant relationship that exists between t1me and
money is explained in this modulke.
Module EE-03, "Financial Techniques of Energf‘Economics,"
~discusses analysis techniques' that apply primarily to recur-
ring costs and cost savings;“nith particdﬁar‘emphasis on
when and how often these costs and cost savings occur. The
distinction between recurring and one-time costs was made
(’in previeus modules. With_the skills thit can be learned *_ °
from the study'bf this module, -the energy specialisftwill

be able to'compute the present value of costs and cost savings,

-

an'important consideration in energy projects. .
. Module EE-04, "Economics of Energy Alternatives,“ intro-
" duces the student to several factors that can affect the

actual level of the costs and cost savings of energy pro;ects

& ‘ ~ ¥
‘\ c N - ' -
- _ N\
N B
.o o ‘ : /
#¢je fined, and an explanation. /is given of how price is-deter-
mined.
Module EE-02, "Financial Parameters of Energy Ecpnomids<" #
infroduces the student to several fundamental techniques o~

1 4

Often the actual level is not what it 1n1t1a11y appears SN

to be. Ihe process of borrow1ng money to flnance an energy
'pTOJéCt is dlscussed -and the 1mpact on_costs is demonstrated.
Taxes and their effect on costs and cest savings are explored
in this module, as well as the concept of life-cycle costlng
7Modu1e EE-05, "Economic. Ana1y51s and.Energy Cbnservatlon
Projects,! presents seyeral technlques that Eze used in
the analysis of ways in which costs and_ cost
.energy conservation pro;ects_are relatede The calbulhtions
involved in these technlques are explalned and demonstrated.
The information needed to perform each calculatlon .and the
results of each calculatlon‘bxe empha51zed ‘as well as when
each fethod should be used. With these techn}ques, the

avings of ‘.

\,
\

-




- economlc effects of most energy gonservation projects or .-
~ : . -

energy spec1allst should be able to'analyze accurately the. :
groups of projects.
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<« e : - INTRODUCTION

¢ X h ‘.

.

There ane two maJor reasons for - neduc;ng ehergy use:
one is to conserve available energy resburces, such as oil, i ‘
natural gas, and so forth; andwthe other is to 'save money.
Enefgy'sévings‘qan be actomplished in at least thtee\ways:

-

1. By changing organizational procedures,asuch a’s WOrking

: hours, or personal habits, such as lowering the settlng )
on a thermostat for controlllng bu11d1ng heat in the .
< M , A=

winter. < : -

2. By modifying an. ex1st1ng building, suqh as addlng ' h

storm windows, or changing technlques on new bu11d1ngs, >

such as 1ncrea51ng wall or 6e111ng 1nsu1at10n ' . .

3. By replac1ng or modlfylng equipment used for produc- '
" tion and/oT building climate contrql o

~ v

"

a2

Although these methods may result in an immedlate savings L
of energy consumptlon 'they frequently requlre 1ncreased « '
ezfs to alter design technlques and%or organizatiqnal pro-= : "
cedures. Because of these facts, an analysis must ‘be made '

of\the long- ‘range econonic benef1ts reallzed in energy comn- ) .

servation’ progects with regard to thelr costs and the 'cost . '
saV1n°s they generate — \ > . . '7\~ o
=~ “* This module:introduces the student to some of the funda- \
mental prlnc1p1es of economics and shows how these pr1n01p1es n
can be applied to énergy conservation and use' Different : V)\ .
Kinds, of costs are d)ﬁﬁned and an epranatlon is’ glven ) i\ N
of how-price is determlned. . . . |
o BT o e o
Lo LT PREREQUISITES - =~
* : ' 1:,/ ’ . ’.. - C ' 2 T '

The student should have a good understanding Bf basic

algebraic, functions.. .- ’ ' ' ’ R
. ‘ . S ’

-

EE-0L/Page 1
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OBJECTIVES . .

. ™~ .
1 4 . ’
Upon completion of this module, the student should be
able to: > o X
L. Define the following terms: -
a. Profit: d
Total revenue.
Total«cost.
Profit maximization.-
Cost minimization.
Energy economics. L. ~

~

Indirect cost.

ST®m*h O A O T

Direct cost. ‘ ;

e

One-time st. .

Recurring cyst.

Efficiéhcy
~\\Econom1c efficiency.
; Free market. ’ >
. Supply:
Resdurce.,
'Demand. . , Ut

.~

Whmginal cost.

Marginal cost saV1ngs.
istinguish between the f0110w1ng kinds of costs: -

Direct’ and indirect. ~

One-time and recurring.. =~ ,
iven the prope? information, determine the following:
Mgrket supply. —
Market demand. ' > -

c. Market price. . ’ -

j-
k.
1.
m.
n
0.
P
q. Market price.
T.
S.
Di
a.
b.
Gi
a.
b.

4-, gDeterm1ne the effect of any (change in total revenue

. and/or total cost on profit. | . ‘

P ’ 4 .
) fage 2/EE40; - ,412 : -




- ] o e N . +
\‘ S ' ’ - . ‘.: —N\ ’
. . . -~
) 5. Examine.enérgx conservation projects an% energﬂ-using
. sy$tems. for economic efficiency. ' "

. 6. °Determine the effect of ‘changes in supply and/or demand
' - oh METket price. _ ) Q\\h___/_/.—

7. L Use marginal ana1y51s (when appnpprlate) to determlne L.
" how much should be spent on an energy conservatlon

. pro;ect ‘ .
. 8 - >
. ’
1)
e + B ~ - +
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< .
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- . . ) <
BUSINESS FIRMS AND ENEﬁpYNCONSERVATION'

- . .. . ' .
A The prihér} goal of'most businesses is to make monéy
The money - maklng process_ ustally involves a number of factors’
that must be cons;dered Many of these considerations also /
can apply to individualss, or to organizations, hav1ng 6?her
goals (such as non profit organlzaflons + whichr will be
discussed lat;r) By applylng conservation techniques in
those aregas ‘where energy is used improperly, the energy
spe¢ialist can help a_busﬁness achieve iEE\pEEE;ryggoal.

L 4
. -

14

v é i
PROFIT, REVENUE, AND COST

The amount of money a business makes is its profit.

Profit is defined as '""the amount ofez%pgy people pa?\i‘busii‘
ness for the goods or services it s (total revenu ),'

" minus the ‘amount of mohey the business-must .pay out in operafJ

ing expenses (total cost)." In other words, when a business
sells somethlﬁg, the money it receives 1s révenue; when
it buys. something, such as the electrlcty for the bu11d1ng
or the labor of an employee, the money ~it spends is a cost. .
The purpose of operatlng a business 1s for the business
to receive more in revenue than it spends in costs; this °
Yifference.is called. profit. The mathematical definition
" of profit is given by Equationm 1: . y

.

<)

. «

© o= TR - TC\\J////¢\\\A_Equation 1

’ N t

- ' EE-01/Page 5
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where: - o

m =. Profit.

TR:= Total revenues (the amount a business receives

-

from se111ng goods or serv1ces)

TC = Total costs (the amount a busingss pays to con-

tinue its operatiohs).

A}

“‘Thls mathematlcal def1n1t10n points out several impor-

tant aspects of. p;oflt (1) profits can have a positive,

negatlve,eor zero value; (2). profits can be increased by

increasing total ré&venue, decrea51ng total cost,

increasing

revenue more than increasing cost, or decreasing cost more

than decreasing revenue; and (3) profit maximization occurs

. : 3
when the difference between total revenue and total cost

is the greatﬁst.A The relétionshib among these three amounts

is given in Table 1.

P :
Most business firms, in the United States today have

a level of profit that is greater than zero.

‘A f

irm with

negative profit is losing money — it is spending more than

it fis taking in. In this situation, a firm must do one™

of o things: (1) qﬁange revenues and/or costs so profit

is no longer less than zero, ;or (2) go out of business. Many

firms can — and do - lose money for a brlef period of tlme,

but they must show a profit eventually or go out of business.

How does the energy specialist help a business reduce

costs? In most cases“the specialist will have very little

~to say about factors that have an impags on revenues. What

a firm makes to sell, the quantity it makes,

and

the price

o 4 . . .
it charges are decisions made by management personnel.and,

therefore, should be of little concern to the energy~§pegiai-

ist. Cost con51derat10ns are another matter.

.. By

helping

the firm minimize the amount of case it must siend to stay

~

Lo

-~

-Page 6/EE-01
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TABLE 1. CORRELATION BETWEEN PROFITS,
‘REVENUES, AND COSTS? .

.

X 7
+ TR > TC +om
+ TC « TR Ao -~
+ TR = > ¢+ TC - +om “
¢+ TC >+ TR “dom
N ¥ Té ++ TC R 2 .
+ TC «+ TR vom
¢+ TR . >+ TC v oL |
+TC > 4+ TR =
~—F— . 2 -
4 TR =4 TC LT v
P +TC .=+ TR “m >
TR = Total Revenué " ¢ = Decrease. i
Yy 'TC = Total Cost +>+= No Change ..
m = Profit, ' > = Greater than
= Increase - |

9

Y
~

)

in businéss, the energy specialist can help ‘the firm. make
a larger profit. This is called cost minimization. The

!

energy specialistrcan help a f£irm minimize costs in the-

kY

" following ways: : ) —

-

+ By determining which pérticular method tof
accomplishing & certain task (such as illum-
inating a.buildipg) will use thé least energy )
and, fherefore: cost the least amount of money.

!

EE-01/Page 7
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. By spott1ng and evaluating ways to conserve .

~

en?;gy in systems already betng utlllzed

S -
o

MEASUREMENT OF ENERGY CONSERVAT{ON
L AN

. ‘~AL1 efforts to reduce energy use must be measurable

by some common unit so various energy-saving alternatives

can b€ .compared.: That cpmmon unit is dollars. Whereas

some other units, such as Btus, copuld be used just.as easily,

the ‘conversion of all energy savings to dollar figdres.makes

their value to the business firm'much easier to.interpret.

Thus'enefgy economics can be~defined as ''the dollar comparison

between various endrgy conservation alternatives to determine
the extent of energy savings (reduced costs) that each alter-
natlve will prodyge in relation to the dollars expended

to put the alternative in place.' T .

AN . *”

-
®

INDIVIDUALS AND NON-PROFIT -ORGANIZATIONS

~

* “The pr1nc1p1e of cost m1n1mlzat10n also can be app11ed

to individuals and to non- prof1t organlzatlons such as churches
hospitals, and schools. In' the case of an individual, the
less money spent on, energy, such .as for electriC1ty or for
rgasoline, the more money there 1s«to spend on somethlng L\Q
else.. A non-profit organization usually exists to perform
some type of service, such as in medical care or in educatlon
-The less m0ney such an organlzatlon must spend on energy,

the more money it can spend to prov1d its services. Ih
either case, keepinE energy costs as lew as possible is
desirable; therfore, the enérgy specialist's goal is always

the same: to -reduce energy use to minimize costs.
; . ) .

.
7
- ¢
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TYPES OF COSTS

- ) .

|

Eneérgy, in most ‘cases, does not have the same demand-

-price relationship as other products. Wlth government regula-

tion and price control; ‘cost is not totally due to market-
demand Increases 1n e1ectr1c1ty cost is not: reflective
of increase{igemand but due to “Fuel conversion, pollutlon
control, ihcreases ip fuel® ‘costs, and other out51de factors.
Any device, equipment,. or system that uses energy will
have anvinitial purchase cost and, in most cases, an opera-
tion cost. A heating, venthatlng, and air conditioning
(HVAC) system will cost a cert;hn amount to purchase and
install; then energy and maintgnance costs will have to-
be paid to operate the system:. . Qulte ofteh, an energy-

conservation pr&;ect will also have_an initial 1mp1ementat10n

Costc : 1 ' s ~ ‘ »

Cost.can be c1a551f1ed as d1rect costs or 1nd1rect
COStSn Dlrect costs are: tHose that 1nv01ve the actual spend-

ing of money. For’ 1nstance, when money is spent to buy
solar panels for a house, the mone nty is a direct cost.

’ An indirect cost Ts incurred when a busiiness or individual

performs a task rather than paying to have it performed. "
*Suppose an individual installs a solar water- heat1ng system
-rather than hiring an HVAC contractor,to do the JOb Even
thOugh the individual does not pay’ to Install E,e system, .
~there is still a cost 1nvolved since the 1nd1v1dua1 could

be earnlng money durlng the time used to 1nsta11 the system.
The amount of money that could have been earned is the in-
-direct cost of installing the unit. Indirect costs are

much more difficult.to comp&gehthaﬁ direct costs; meverthe- '
less, [they aré important .and should be considered.

1£3 T EE-Ol/Page 9°



Direct costs can be categorlzed as follows: one-time -
costs and recurr;ng~costs. A one-time cost is exactly what

the term implies - something that is_paid just once. The
puchg/g price of a‘'new 11ght fixture is‘an example of a
one-time cost. Recurring costs are costs ‘that~are pa1d

on a regular ba51sggver a specified period of time. The
cost for electricity required to operate an HVAC system

- is a recurring .cost, since it must be paid each month.
The costs associated withCan energy system can be different
for diffe:ent’systéms, so the energy specialist should con-
sider each situation carefully and classify each cost properly.

EXAMPLE A: TYPES 'GF. €OSTS.

Given: . The following costs are, incurred by, the owner

A ) of a building for.g heatlng and coolimg—system: . ‘
’, a Filters T
.b. " 5-ton cooling system
™ c Duct work .. ’
4 ~ d. Belts ' :
e. . Gas zgfnaces and evabpraqive coils
' < f4; Instaltlation — sldb wiring
g. Salaries of ma&ntenance,persodnel
h Cost of pert: eléctricity and natural gas
y " |Find: Whether the preceding costs are one-time or recur-
ring. ' ‘ . '
$olutibn: One-time costs:
) s oa, 5-ton cooling system
b. . Duct wark . ‘ L.
c. Gas furnace$ and evaporatlve c01ls ' -
) d. Installation — slab wiring ' .

. [
. Page 10/EE-01 B




Example A. Continued.

. Recurring costs:

a.  Filters

b Belts

c. *.Salaries of maintenance personnel
d

Cost of power

A - .
In the preceding example, notice that the one-time costs

involve a single purchase, whereas the rééurring costs gould
involve several purchases as time elapses, for example, ;V
as belts wear out thgy must be replaced, fuel bills must

be pa1d every month, and so forth. It is important to know
how often a cost will have to be paid — once or more than

once — to get an idea of total cost.
4

«

2

B ECONOMIC EFFICIENCY |
Y oL . .

The laws of thermgdynamics state that there is a limit
to the amount of heat that can be transferred or work that
can be dogp by a quantity of energy. How we11 a system
uses energy is its efficiency. One thermodynamlc definition
. of efficiency is given in Equation 2 below:

- - -— - \‘
Energy transfer (of a desired kind) -t

_ _machijeved by a device.or system °
Energy \nput to the device or system.

&

.
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The more effiéient a systeﬁ is in performing its func-
tion, the less” energy it uses; therefore, one way to reduce
- energy use is to increase energy’ efflcféhcy. Combustion
processes in industry are  semetimes quite 1neff1c1ent and
corrective heasures, such as installation of a microcomputer

system to monitor combustlon can incfease eff1c1ency

The*concept of efficiency is extended to energy economid%

as a simple extension of thermodynamic efficiency" (which

accounts for the cost of energy). The definition of economic

eff1C1ency is 111ustrated in the follow1ng equatlon
¢

«

Energy transfer (of a desired kind)
achieved by a device or system
Dollar cost of energy input to thne
device or SYStem g

1l

k¢I:“6C01'1

Equation 3

P - - . .o A
- « N - -

/

, b i
The econemic efficienc} of a device or system, .

1l

1fference between thermodynamlq eff1c1ency and

P econo ic eff1c1ency is 1mportant Con51der two heatlng
syste s: oge that is powered by natural gas and another

/by he ting 0il.. The therq?dynamlc efflcaency ‘of “the two
sys ems might be equal (that is, the amount of heating is
accomplished for .each Btu of eﬁef@y 1nput}, but if one fuel
" costs more than tHe other, the economic eff1C1enC1es would
be differenf. Whep all variables are equal (suchpas avail-
abvility of fuel) the_system with _the-highest economic effi-

~

s°

*
ciency should be used If two systems @se the, same kind
of energy,,then the system that ig more thermodynamlcally
eff1¢1ent will be more economically efficient. «
, A h‘@ . ¥ LI -
Page 12/EE-01 S “'21_



DETERMINANTS -OF PRICE
-When*ton51der1ng the . co;ts of an energy u51ng ‘system
or of an energy conservatlon R;o;ect suoh as 1nsu1at1ng
"a home, it is very useful to kndw how costs are determined.
Any cost is also a price — the pr;ce of,mhatever a bu51ness
or ‘individual buys w1th respect to the—prOJecﬁ’or system ”
“In the United States, priees are determlned in'free markets

A free market is a situation whgre people who want to buy

something and people who want to’SelJ the same thing commun-
icate with each other and bargain ®bout- the price. The
price agreed upon is the price of the productf In most
‘markets there are a 1arge number of buyers and éellers,° ‘
and a great deal of ,'shopping+ around" uSually takes place.
The barga1n1ng process can be seen in two f&rces: ey the
supply of a product by the people-who want to sell it; .and -
(2) the demand for a product by pedple who want to buy it.

To make the explanatlon of supply and demand easier
to, understand one situation will be Used throughout This-

51tuatlon is the supply of and demand for gasollne in the

N

:United States. > . “ o > q .
- . . ‘. .o ) QA,, .
. . . . ‘ B ‘: » - ‘;
SUPPLY : . o . .
[y » a,
< - t -
The sugg of a product 1s a functlon of how much pro-

ducers of the prodﬁct will sell at each of 3 number of dlf
ferent prices. In most cases), people 4ill not want to“sell -
the same amouns\of something if its’ prlce changes. Ihe
' °'re1atlonsh1¢\between price and the amount people will offer .
’ for* sale (the quantlty supplied) is a direct onet.ﬂpeggle N
will want to.sell more at higher prices; in other words, = -

N

[ o

¥ ' ., - _=
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(N ;he steel plant. Resources cost money; therefore, busi-

3
.

_nesses want to make the best use of them they can. : >

a RHigher price results in a higher quantity supplied.

To explain ‘supply adequately, the concept of resources
must first be presented A resource is a commodity used L
in any<part ‘f productlon Iron is.a resource used to pro-
duce/steel as are the services of the people who work in

,  The idea of supply. is directly related to the use of
the wesource. Resources are used in any kind of production
where something is produced for sale. In the production

of gasoline, the resourcestused include labor,“madagement
services, crude oil, chemical ageﬁts used in the refining
process, and others. As the price of gasoline increases,
producers can maﬂe more money by using more resources to
produce gasoline. On. the gther hand, if the .price of gaso-

11ne.dec

es, people w11¥gwithdraw resources from gasoline

fon and\ use them to produce something else. . The

more resouygces fised, the more gasoline produced. A direc;
relatioﬁship'exists between the‘price of :a good or service
(in this example, gasoline) ang the~quant1ty of that good
Qr service supp11ed by the producers This re1at10nsh1p ’
becomes quite clear when it is presented graph1ca11y as
a supply curve }Flgure 1. " o
By examination of the: graph 1n Figure 1, one is able
to discern that Gulf Corporatlon will supply—250 galﬂons

of, gasollne per day at a pr1ce of 70 cents per gallon. wa~

ever, 'if the price' rises to $1, then’ Gulf will increase .
the quantlty of gasollﬁe supp11ed to 400é§allons per day.

Since 400 is greater “than 250, a direct lgtionsﬁip between

r

price and quantltY.supplled is shown to exist. | .
M . - .

vA




PRICE OF "

GASOUINE | - . SUPPLY ,OF GASOLINE
($S/GALLON) ’ “ - -7

v 1,00

0.78

L e e e e e

[ > N .
- 250 . 400 QUANTITY OF GASOLINE 'SUPPLIED /
{GALLONS PER DAY)

, o LY
Figure 1. Supply Curve for Gulf 0il Corporation. . .
.- fhe concept of ,supply does not apply only to oil com-
panies, but, fathef, to all producers. Westinghouse will . )
of fer more S-horsepower electric motors for sale if the - D (f“.
price of the ‘motors increases=< The'quéﬁtity of belts supplied -/
by .a" parts manufacturer\will decrease if the price of the-
belts decreases. Since' this relationship appli€s for all *. <
products, the following law can be stated:

¢ e

s

“ LAW OF SUPPLY: ‘The higher the price of a -
‘ product, the more of that

, _ Ty . product a busiress will

- ’ . pfféf for sale. .

T ‘ ] : o ] '

1] -~

1%

MARKET SUPPLY o . : .
_ The préceding description of,supply-bnlf pertains to
one business selling a %articqlar‘product; but, the market

S

» . . \ .
consists of several companies that are trying to sell. this

/

PARS

P ) EE-Ol/Page(l&
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’

amount of

product.

cgrtain amount-of gagoline at each particular price.

o~

»

e

‘ *, ~ ' 3 3 . ‘ " t‘
Each of the many oil companies will want to sell a

Ald

that is rqquired to determine the market supply (the total -

‘0oline that will be for sale in'fhe mérket at

each of a sex of prices) is a 51mp1e technique of addition.

supplied by each seller in the market.

For example

-~ For each price the market sugply is the sum of the quantity

suppose

there are onlthwo producers of gasoline in the market -

Gul'f Corporatlon and Texaco Corporation; then The market

»supply curve is just the horlzontal addition of the supply

‘will supply

' graph shown.
»Corpogatiph

L ]
PRICE PRICE | *-
toopr———f — —— =t ——Hf -
. |

0.70 p— — ——l—-———-—-_—.-—- —l——.—...—_.—

| |
| i
1 .
. | . P
" 200 350 ¢ 150 250
. QUANTITY QUANTITY™

curves of the two corporations.

in Figure 2.

150 éailons.
150) -which

will ‘supply 250 gal
2

price of $1

the mdgket supply curve.

»
\

lons

7

Similarly, 4t the hlgher prlce of $1,

This process is illustrated
At a’'price of 70 cents, Texac;\tbrpbration

200 gallons -and Gulf Corporation will:«supply ~
-Then the total supply in the market is (200 +

is equal to 350 gallons on the market-supply

Texaco

will ‘supply 350 gallons and Gulf Corporatlon

‘Thus the market supply.at the

( GALLONS /DAY

a. Texaco Corporation .

 Figure 2.

Page 16/EE-01-

( GALLONS /DAY )

b. Gulf Corporatlor':

- A

PRICE

is (350 + 250) gallons, which equals 600 on
Notice that the direct relatlonshlp;

25

350
QUANTITY

{GALLONS / DAY)

¢. Market’

“Derivation of the Manket Supply Curve
(Two Sellers in the Market)
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. L W
that existed betweeg price and quantity supplied' in the "
¢ 3
case Q£\~he ifdividyal firm algg,appldes—{o the market - » . X

In most cases the market- supply “curve will be the main area -~ . - 4

of interest with regard to the ﬂetermlnatlon of the pr1ce

of a product. This type of horizontal addition also can

be applied when ther® are more than two sellers in the market.
The process is' exactly the same: ' The‘qhantity supplied \ o ' d
by.each-firm is added at each pr1ce and the result is the ‘ '
market Supply.

. y Y - ) . ’ .
DEMAND ’ - ) 1 -

The demand for a product is establlshed by, the quantlty

people°want to buy at a specific set of prices. . Like .the ’”‘
supply curve, the demand curve is a set of p0551b1e alterna- _ .{ K .
t1ves An individual who purchases a certain amount of '

gasollne when it is se111ng at 70 cents per gaLlon should - \
_be expected-to buy less gasoline at $1 per gallon, ‘all other A
. ‘_thlngs being equal. Therefore, ap inverse re1at10nsh1p .
. exists.between the price of gasoline and the quantity of ) v
& it de ed-by a consumer. ' ' &

LY

o Demand is. related to the usefulness of a product, as
compared to its'price. At\a given price a consumer finds

it worthwhile to ;pend money for 'a certain’amount of gaso- .
line; but if the price increases, the consumér cannot justify .. .
spending the extra momey needed to mainfain’'the old level " SN
of uSk. Thus, the consumer reduces the level of gasoline ST
usage and increases th& surplus money, whjch can\Be used .

« feor somethlng else. For this reason, an inverse re1at1onsﬂip

eX1sts between the pr1ce of gasollne and the quantlty of

gasollne demanded by a consumer “THis invetrse reIat1onsh1p

) s N » . s
" . ~ . » *

. EE-01/Page 17 . (
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. can be seen by examining the graphical representation of '
one consumer's demand curve, as shown in Figure 3. &his

curve shows tWe quantity of gasoline demanded by one .con- : I
‘sumer at each of many possible prices. )

|

I

1

|

|

PRICE OF ' : ,. ’ -

GASOLINE | T ' S o T T ]
(/SIGALLON) v .,
// 1.00 * y
\ R / . / K "i '
> 0.70 Figure 3. !
’ . Demand Curve
Da of Consumer A.

8 5

QUANTITY OF GASOLINE DEMANDED
(GALLONS/DAY) BY ONE CONSUMER
/

Notice .that at a ﬁrice of 70 -cents per gallon the con- ~

suﬁer deman&; 8 gallons per day. But, when the price in-
creases to $i’per»gallon, the quantity demanded by consumer
A falls from 8 gallons to 4 gallons. There is an inverse
relationship because a higher price results in-a lower quan-
tity of hasoline-demanded. o

' It is important to realize, of course, that the concept
of demand does not égbly just to gasoline, but to all brod- -\
ucts. Similarly, as the price of energy intreases, busi-
nesses want to buy less of it, and the role of the enefg&
specialist is to find ways -to redqufenergy usage.

-, .
N
: v
* » s \
N
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' MARKET DEMAND

In mosg cases, and'especially in the case of the gaso-
line market, many consumers want to buy the product. Thus,
the need arises for the determination of market demand -

the total amount all poséible buyers will want to buy at
each ‘possible price. Market demand is derived in the same
manner that market supply is derived: The sum of the quan-
tities demanded by each consuﬁerjat each.possible price
is taken to givg the total quantity demanded in the market
at those prices. Graphically, market demand is simply the}//
hpriiontal sum of all individlal consumer-demand curves.

For simplification, assume.that the market for gasoline
has only two: possible buyers: consumer A and consumer B.,
Now observe the following graphs in Figure 4.

|
o

S
-4

QUANTITY . QUANTITY = QUANTITY
(GALLONS / DAY) ( GALLONS /DAY { GALLONS/DAY)

a. Consumer N » , b, Consumer c. Market

Figure 4.” Derivation of the Market;Demand Curve.
(Two Buyers in the Market.)

At a pricé of 70 cents,_.consumer A demands a ﬁ:;;:::;\zf

8 gallons per day, and consumer B demands a quantity of

~

28 EE-01/Page 19
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12 gallons per day. Thugt/;he total demand in thedmarket at
the price of 70 cents is 8 gallons + 12 gallon53 shown on
the market-demand curve as 20 gallons per day. Similarly, \\1ﬁ
at a price of $1, the quant1ty demanded by consumer A de-
creases to'zﬁgallons per day, and the quantity demanded -
—~ by consumer B decreases to 8- gallons per day. Thus, the . |
\ market demand decreases to 4 gallons + 8 gallons = 12 gallons
per day. Notice that 'thé inverse re1at1onsh1p that ex1sted
vbetween price and quant1ty demanded in the case of the in- i
dividual consumer also is applicable for the market as a’ »
whole. In most cases, the main area of interest with regard .
to the determination of the prlce of fhe product will bev
the markefFoemand curve. Of course, this process is applied
just as easily when there are more than two possible buyers
in the market; in-this case, the quantity demanded by all

consumers at each possible price is summed. .

MARKET PRICE

The price that is charged for a product — thé market -
price — is determined by the interaction of market supply
' and market Qemand. Market supply indicates how much of
a product producers will offer for sale at egch possible
price, and market demand indicates how much of a product

h

+ consumers will buy at each possible price. A sale will
occur when a buyer and seller comé to an agreement regard-
ing a particular price for a particplar amount. The process
by which this agreement is obtained is illustrated by the
graph shown in Figure 5. 1In this graph the market-supply
‘curve, and the market-demand curve are represented together.

<
1
. .
- —~
[ P
A , .
| v A .
-
N o

29
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At‘a price of §2 per gallon, producers are willing
to supply 600 million- gallons of gasoline per day, but con-
sumers are w1111ng buy only 200 million gallons per day.
Since the amount of 600 million gallons is mucndgreater
~ than 200 million gallonms, the buyers -and sellers in this
case do noteagree about price)and quantity. At a price
- of 65 cents,, producers are w1111ng to supply only 250 million
gallons per day, whereas consumers will demand 500 million
gallons per day Slnce 250 mllilon gallons is considerably
less than 500 mllllon gallons, again it can be assumed that
consumers and producers, do not agree about price and guan-

\ tity. i
PRICE OF .
GASOLINE : MARKET
( $/GALLON) - . SUPPLY
* 200 b=m—m——= o — o ——— — }
."{ . R .
%
1.00 pm—m————m =t e —
065 b————~-— 1 -
L |
I { | MARKET DEMAND
| - |
) 1 z |
(3 1
200 250 400 500 €00 .

QUANTITY OF GASOLINE (MILLION GALLONS /DAY )

Figure 5. Determination of Market Price of Gasoline.

N .
N .
If the price of gasoline were $2 per gallon, producers.

would have an amount of gasoline equal to 600 — 200 million
. gallons that they could not sell. As a result, they would
lower their price to tiy to sell.it. However, if the price

" of gasoline were 65.Lents per gallon, cCoOnsumers would demand

- -
3

) 30 EE-01/Page 21
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an amount equal to 500 — 230 million more than producers would
be willing to sell at that price. fgka result, producers
would raise their price since people would buy all they

offer for sale. The market price of gasoline is the price

at which consumers aré willing to buy exactly the sahe ambupt
as producers are willing to sell — that is, market supply

is ‘'equal to market deamnd. In Figure 5, market supply is
equal to market demand at a prite of §1 per gallon; at this .
price, producers supply the same quaﬁfity as consumers de-
mand -~ the quanfity of 400 million gallons per day. 1In ’
this market, the price will always work toward $§1, and the
quantity sold will always work toward 400 million gallons.
This price and quantity will not change unless some other

factors have an effect on the market.

-

-8
— EXAMPLE B: DETERMINATION OF PRICE. _
dﬁven: Figure 6 shoys the market-demand curve and market-
supply curve for natural gas. R
-
300k = = = = MARKET SUPPLY
sr1000 2SO =——— ' -
' cusic FEer 200 — g “l | ~MARKET DEMANG ™
b .
R .
I L1
5000 7,500 10,000
OUANTITY (BILLION CUBIC FEET/YEAR)
' Figure 6. Supply and Demand of
- Natural Gas. )
Page 22/EE-01 , . '§1



Continued.

l— .

. Example B.

> {Find: The market price of natural gas.
Solution: The market price occurS/ﬁKEre quantity supplied
A . is equal to quantity demanded — which, in the

above figure occurs at 7,500 billion ft® (cubic =
feet) per year. The price at thls quantity is
$2.50 per thousand cubic feet. This is the mar-

\i ket price. ) .
- . - - " >*\ ,
¢ ' N

-8 14

i;\_fmgzmijAL FACTORS THAT INELUENCE PRICE
4 _ . s 5

The precedlng anéiyses assumef}hg;_{he markéet is com- ’ —
pletely free — that no outside forces in erfere with the -
choices of producers and buyers. Unfortunately, this situa-
tion #s not always the case. External forces usually do
have the effect of changing the quantity supplied at each
price and/or the quantlty demanded at each price. In the
market for gasollne, there_ls a partlcularly strong influence: .
the policy of the Organization of Petroleum Exporting Coun-
tries (OPEC). This golicy causes gasoline prices to be
higher than they otherwise would be. Exact;y how OPEC does
this will be considered at this time. '

The members of OPEC are suppliers of crude oil, the
sgbstance from which gasoline is refined. Thus, the supply ) .
curve of the OPEC countries is, part of the overall supply '
curve of gasoline. OPEC restricts supply and increases
.gasoline prices in the following manner: Sinceé the demand
for crude oil is very high, and these countries can,-in .
effect, sell all ‘they profluce, they simply reduce the amount
they will préduce at every possible price. This causes

Ky T ——

’. 4

: 32
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consumers to pay more for the‘gasoline they must have,
‘especially since many consumers feel they cannot.cut back
on gasoline consumption — eveny if it-'costs more. The above
process is demonstrated graphically in Figure 7.

RICE OF ) B
NE
R (s/esAu_om . MARKET. SUPPLY 2
’ - MARKET SUPPLY 1
120~ = = = 4= = = — —
100 f= == — ——— —_—t .
| I
] I
. | | MARKET DEMAND
o
- - l l
I 1 .
360 400 ,
7 ' - * .
QUANTITY %ﬁ GASOUN; (MILLION GALLONS/ DAY)
* ) ' a w
_ Figure 7« How OPEC (Members) Raise .the
. Price of Gasoline.
\
'As;&mé/%hat before OPEC was formed the market price
of gasoXine was §1, with an accompanying quantity of 400
, m11110n gallons per day. ThlS means that the or1g1na1 supply
. » curve was market supply 1, 51nce it intersects with market ’

- demand at those p01nts However, when OPEC was formed,
the effect of refﬁsing to suppiy as much crude oil at each'
price as before was to shift the market-supply curve from
market supply 1 to market suppiy 2 (Figure 7). Less gasol{ne
was offered .by producers at each price. Slnce the demand
©  schedule did not change, the point 'of 1ntersect10n of matket
- "supply and market 'demand is at a higher prices ($1 20) and *
a Tower quantr&zﬁsold (360 million gallons per day); there-

a
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fore, the effect of OPEC's action is a higher price and ‘
‘a lower guantity sold. Since prices rise more than quantity
sold declines, the OPEC nations make more money.

Another, factor that can dnfiuence supply and demand
ie;the price of a related good or product. This is partie-
ularly true with regard to different forms of energy. .If
the price of coal increases, then some industrial plants
might change their prodﬁction process to diesel fuel. This
would increase the demand for diesel fuel at each prieg, ~
and the increased deﬁand would lead to "an increase'in price
since the supply and demand curvéi,ﬁeuld intersect at a’
higher point. °

In summary, the following factors will result in a

price 1ncrea}(s€f(<
¢

*+ A decrease in supply

. + An increase in demand
+ A decrease in supply greater than a decrease

in demand . x .
« An increase in supply greater than an

N/ increase in demand . ..
On the other hand ‘the following factors will result in i
a lower pr1ce 8

+ An 1ncrease in supply

>

« A decrease in- demand s

« An increase in supp{*Nq“Eater than an S
ingrease in demand ’

+ A décrease in supply greater than a
decrease .in supply : . :

N

These conclusions are easy to understandif the graphical
representation of supply and demand, and whege they inter-
sect, is considered in each case. The role of the energy

specialist is to help reduce the demand for ehergy ThlS

34 . EE-01/Page 25
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+ in turn, would reduce the price of energy — or, at least,

Al .
. .
g ~ »
. ) .
N i »
%
4 . .
. »
N, »
. ’ -
, o - .
LI

¢ it would keep price  increases smaller. —

°

. ©

' MARGINAL ANALYSIS .

Most energy conservation projects involve costs of -
one kind or angzher However, because these projects save
.enetgy, thereby=sav1ng money, they also 1nvolVe cost savings.
Naturally, an energy project should save at least as much - a

as it costs. Marglnal analysls tan be used to determine

how much“shogld be _spent’on energy conservatlon because

it shows how to save the most money. The use of marg1na1
analysis is also a good way to compare energy pr&jects that ¢
do not cost the sameﬂamount of money- to 1mplement "

,“y‘ : o

‘MARGINAL COST AND MARGINAL-COST SAVINGS ~ S
‘Marginal refers to the last increment of some - -variable,

such as the last.inch of insulation 1n an attic or the last °

solar panel installed on the roof of a building. Marginal

cost (MC) is the cost of adhing the last unit. Marginal

cost savings, or simply marginal‘saﬁings/(MS), are the dollar

sayings that result from adding the last unit. Notice that °

these figures apply ‘only to the last unit and not ‘the total -
system or project. Example C illustrates hoy to calculate

-marginal cost. - ’ . .
% R N s
: -a A ] .
b Y, '
. Ay R
o 35 ,
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" HOW TO USE MARGINAL ANALYSIS

= 2

Z N N
EXAMPLE C: DETERMINATION OF MARGINAL. OST.
Given: A solar equlpmentasuppller will sugply a 30-- -
square- foot solar panel for.$500.° However, if
flve or more %anels are bought, the brlce de-
creases to $480 per panel. . . ‘ .
‘ Find: The marginal cost of - the fifth panel ) Do
Solutioni ~ Cost of 4 panels = 4 x $500 = $2,000. ‘
_Cost of 5 panels = 5 x $480 = $2,406.»
) "+ Marginal cost.of .Cost of 5 baneis P

fifth panel Cost of 4 panels

: Sz, 409 - " $2,000

N
II

. e
. . . .
0 -
. ’ ) .
- - . ’ - ’
¢ w «* N $400 ,‘.‘
e .
« S .

' tures are economically' feasible, as long as cost savings

-Only when the marg1na1 cost becomes equal to.the marginal.

14 - : . o 4

It is obvious to the eneréy specialgst that expendi-

are greater than costs. With respect to margingl analysis,
additional units shoold be addeq as long a§\the~margina1
coét of the unit is less than the marginal cost, savings

of the unit.

marggnal cost savings are equal to the marglnal cost.

This will occur up to the point where the

Cost .
w o -

savings will decline as more anid more units are adde&, and,

eventually, they will approach the marginal cost of adding
extra units. “As long as the marg1na1 savings exceed the

marginal cost, it-is eéconomically sound to add another unit.

savings will adding another unit 1ose money. The,brocess.

of comparing marginal cost and marginal cost .savings is
<> ’ - - t,

. w

shown in Example D.

EE-01/Page 27
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< R EXAMPLE D: , MARGINAL ANQ?YSIS AND THE PROPER f\‘\ﬂél

- AMOUNT OF INSULATION. - >

. . ’ N . . . .
- Given: The marginal cost and cost savings of insulating -
the attic.of a home with different thicknesses of

- . — insulation are as follows:
" o : 4 Marginal cost
. Amount of ‘Marginal cost \ savings per._
‘B Insulation per sq ft of sq ft of
: (in inches) : last inch las€ inch
; .1 $0.07 - . $1.50
2 . 0.02 0.50
3 0.02 ‘ 0.20 .
: 4 0.02 . 0.10 {
: S5 0.02 0.07
A 6 - 0.02 . 0.05 _
- 7 0.02 . 0.03
8 VO.OZr 0.Q025
9 0.02 ) .. 0.015
Find: The propér amount of‘insﬁlation‘to ins%gll. =

Solution: The proper amount is where miTginal: cost is equal |
to marginal cost savings. ,(This occurs betwéén";.,

Lﬁ the eighth‘and ninth inch of insulation. There-
fore, if the homeowner installs the eighth inch,~_
. " the cost- savings are greater than the Costs. How-
’ ever,;if the pinth inch is installed, the cost /
of that inch is greater than the cost savings
it generates. Since insulation cannot be bought

- by (the half-inch the least profitable 'inch to
' ) install in this\case is the eighth inch. There-

fore eight inc?es of insulation should)be: installed.
7/

S
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i When all energy conservation oppogtdnities have been
implemented up- to the point-where the margindl cost of the
last unit is equal. to its marginal cost savings, ;hen energy'
conservation past that point Wwould be unprofltable

Marg1na1 analysis normally is’ appllcable.when.money

which is to be spent on’energy conservatibn_c?n be spent

on various amoufits of some product, such as insulation or”
solar collectors. To achieve maximum accuracy, marginal
analysis should be applied to the smallest possible units.
For 1nstance, it would be better to analyze solar cq}lectors
bzw%he square foot than by some larger collector.gize —
such as 32 ft2.

use and conservation because energy costs money.

-Economic principles can be applied to enérgy
Not all *
techniques are relevant in all situations, but every situa-

tion will have_costs and/or cost .savings that cansbe ana- T~

lyzed %fing the principles of enefgy‘ecohomics. A knowledge

) ofithese principles gives ;he‘energy specialist the’ability

t6 determine whether a project should be implemented and
to what extent. This module has presented somg background

materlals wh1ch can be useful in this process

4

-
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Supply and Demand

- EXERCISES

At a price of $1.75/1,000 ft? of natural gas,
five companies in the State of Texas will supply 10

million ft? per day .

$1.25/1,000 ft?,
ft¥/day. If
the price\iﬁi
créased to
$2.25/1000 £t?,
the companies, ’
would sell 17
million ft3/day.
Plot these. ,

A
prices and "quan-

tities .supplied
~on the graph in
Figure 8...Con;

nect the points |

with -4 line,
herein referred’

to as a supply curve.

If the price decreased to o

PRICE

‘the companles would sell 3 million

- \ , :

2.25 ¢ - )
15 T ,

1.25 } —

4
3 10
QUANTITY ¢ MILLION 113 /DAY)
- ’ > * /
-Figure 8. (Graph for Plotting

Supply and Demand Curves.

The amount of gas that:bu51nesses and individuals

in.the State of Texasgwrll buy varies with price.

Fol-

lowing, is a demand schedule showing the quantities

of ‘gas demands-at- various prices.

schedule on the graph in Figure 8.

tion® to form a demand curve.
. S

Quantity, demanded
(106 ft3/day)

.. rike
: 8225
, . 1
1525

Plot the demand

Connect the observa-

-

P 4

3

10.5

18,

~

-

v

Y
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a. What will be the price and quantity of the,natural
‘gas in Texas? ' ¢ , - )
+" ' OIf a new natural gas field is discovered'by
T ' .one of the companies, the quantity of gas supplied -,
' at every brite would increase. to rhe following:
7 . Quantlty supplied (2)
Price w (10° ft3/daA) . /
. T . | |
2 . .o 1.25¢ - 7 v | .
‘ Plot the new supply .curve. : L
b.\, The supply curve has shifted to the—fright, left). ~
’ The shift in the supply curve will cause the price
of gas in Texas to (1ncrease, decrease) to
(what 1evel) ' . ~ .
- d. The shift in the .supply curve will cause "the ‘ .
market quantity of gas to (1ncrease,,de@redse) {ﬁa‘*/ e
' to > (what level) ' .F
e. Discovery of new resources (increésing supplz) \
can be expected to have what%effect on the cost |
of energy? . \ ’ o \
2. Marginal Analysis . ) o L l v
.. Fowl Foods is aﬁ independent, turkey-prQEessing E“ :
. plant. The plant‘hae four refrigeration rooms in which ll
it ,can store up to 800,000 pounds.uf-processed turkeys.’ .
These rooms are currently kept at_a temperature of ' L=
27.5°F. The energy spec1§115t is confldent that Fowl ’ .
) - Foods can substantially save on 1t$ utility bills by
. rals1ng the temperature in the refrlgeratlon units. .
However, ‘there’ is a "question unanswered To what defgree
*should the temperature be raised? { .
A \

-~
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By consideriﬁg the type- of cooling system, the
cubic féet of air in the room, the average climate
condition of the region, and 'the cost of - %yel, it has
been determined that Fowl Foods can save $4,000

ﬂvraegrees ralsed) per year, per degree the tempera-
‘dure is raised above 27.5°F. However, the quaﬁlty
cortrol department maintains that the rate of spoilage
of he turkeys will increase with the warmer tempera-
| tUre Based on historical data, the rate of spoilage
can be calculated by the following formula:

< Annual #

| spoiled = 1,215 + (Temperature - 28°F)*(2,000) -
; ;o turkeys : .

. « )

. —~
At 27.5°F, therefore the spd@%i§e equals

- 1,215 + (28.5°F - 28°F)%(2,000)
or, E
1,215 + (0.5°F)?(2,000)
or, o )
| 1,215 + 500 = 1,715 turkeys pet year.®

< a. At 29°F, the sﬁoilage equals VRS -
N 1,215 + (29 - 28)2(2,000)
1,215 + (1)2(2000)
1,215 + 2,000

" 3,215.

Spoilage

The cost of each lost turkey is approximately
' $2. The margihal costnof raising the temperatiure
from 28.5°F to.29°F for Fowl Foods is (3,215) -
(1,718) = (1,500)($2) = §3,000. '

t.
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New' spoilage - old spoilage = (marginal spoilagk)
(cost/unit) = marginal cost

L)

The cost savings from raising the temperature
from 27.5°F to 29°F = 4,000 /1.5 : $4,898.98.
Since $4,898.98 > $3,000, t emperatufe
to at least 29°F.X ’

should be raise

-
Calculate the sp

ifage at 30°F. What' is the mar-
ginal spoilage/over 29°F? What is the marginal
cost of raising\ the temperature to 30°F?
Calculate t
temperature from 29°F to 30°F. Should the temperg-

e§ﬁgbe raised to 30°F7 -

cost savings of raising the

Calculate the spoilage at 31°F. What is the mar-
ginal spoilage over 30°F? What is the marginal )

cost of raising the temperature to 31°F?

Calculate the cost 'savings of raising the
temperature from 30°F to 31°F. Should the tempera-
ture be raised to 31°F3
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Lo | " GLOSSARY

\

Cost minimization:; A method of increasing profits by mini-
mizing the -amount of cash a business must spend. .

Demand: A quantity established by customers who want and
are aple to buy a product at specific set prices.

~

Demand-price: The relationship between how muéﬁ of a préduct h’\\

consumers want-.to buy and the "price of that product. s
Direct cost: A cost that involves the actual spending of .
’ monew. . . . .

- L)

., Economic efficiency: The energy transfer achieved by a
device or system, divided by the dollar cost of energy

input to_the device or system. . -
‘Efficiency: How economically and effectively a system uses
energy. Ty )

Energy Economics: The dollar .comparison between .various
energy conservation alternatives to determine the ex-
tent of energy savings (reduced costs) that each alter-
native will produce in relation ‘to the dollars expended,
to put the alternative in place. ’

L " .
. Free market: A situation whére consumers who want to buy
a product and producers who want to sell that product
communicate with each other and bargain abgut the price
- of that product. ‘

Indirect cost: A cost that is incurred when & business,
or individual perfdrms a task rather than paying to
. ~ have it performed. It is the amount of money that
.could have been earned during the time it took to per- ,
form the task. 7
Marginal analysis: A technique that emphasizes the incre-
mental benefit and cost of an additional project or -~
decision. S ’
Marginal ‘cost: The cost of adding the last unit to an
energy System. ; - . .
. 'Marginal cost savings: The dollar savings that result from
=~ ~ adding the last unit to an energy .system.
' Market demand: The total amount all possible buyers will , _
‘ want to buy at eac pessible price. It is the sum:
of all individual demands. ’
-~ /

\
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Market price: The price at which consumers are willing to
buy exactly the amount the producers are willing to
sell. It is determined by the intersection of the
supply and demand curves.

Market supply: The total amount of a product that will
be for sale in the market atapach of a set of prices.

'Prafit: The amount of money paid to a business for the
goods or services it sells (total revenue), minus the
amount of money the business'must pay out in operating
expenses (total cost).

Profit maximization: Achieving thé’greatest difference be-
tween total revenue,and total cost.

Recurring cost: (CoSts that are paid on a regular ba51s -

over a specified period of time.

L

Resource: A commodity used in any part of production.

Supply: How much of a product producers will sell at each”
of a number of different prices.

Supply curve: The graphic representation of the,direct
relationship that exists between the price of a good
or service and the quantity of that good or service
supplied by the producers. .

-
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INTRODUCTION

This module intrloduces the student to se&era1~funda--
mental pé&hniqueg used to analyze the costs and cost savings
qf energy projects. These techniques enable the student
to understand the .important relationship that exists between
'time and money and why this relationship must be considered

L{\costs“énd cost savings are to be analyzed accurately.

]. . PREREQUISITES

_ . N o
¥

t -

The studeht should have a good understanding of basic

algebraic.functions and should have completed Module EE-01
)

of Energy Economics. '

A

OBJECTIVES

Upon completion-of this module, the student should be
to:
Define the following terms:
Principal.
Interest. -
- Interest rate.
Time period.
Future value.
Compounding.
Cost escalation.
bresgnt value.

He 5 0Q kh © & O O @

Discount rgge. .
Explain the time value of money and why it must be
considered im thé analysis of the costs and cost.

» -

~
v
-

47
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’ _ A
savings of energy projects.
Know when to use the following: S
a. Future value interest factor.

. b. Present value interest factorT.

. ) N (
[

~8r~;-Readein%eyﬁaet7~and~use—¢he~£ollowing°

Given the proper information, compute the following:

:a, - The future value of .any amount.

b. The present value of any amount.
Give and exp1a1n the information needed to calculate
cost escalation. ’ .

State the relationship between future value and the

follow1ng .
a. Interest rate. . /
b. Number of time periods.

State the relationship between present "value and the
following: .

a. Interest rate. ,

b. * Number of time periods.

’

a. The Future Value of §1 Table.' ' \
b. The ‘Present Value of‘$; Table. ' . 3
Calculate future values and preseht values in situa-

tions where time, perlods shorter than one year are

[y

1nvolved
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*J S o - gUBJECT MATTER

4-", ] x
’ / - PRINCIPAL AND INTEREST
7170;'__ é. 3 . _
'/ Before money is considered for investment, in energy
/ conservation measures, it is important to consider what
occurs when money is &eposited'in a bank'account. ’The basic ) t

concepts of this are understood more easily when the following .

\ " terms are defined: ) )

g .+ Principal: The amount of money nécessafy to replace, -

{ ipstéll, or modiff-én e&isting’energy system. It is

| always a dollat amount. ‘Principal can be calculated

o _ by answering the following queStion: If a business

Jhas no money of its own, how much would it have £o

/ borrow from a bank to replace, ingtill, or modify ° - l w

o . }

-

the system? ~ . - \\\.
'+ Interest: A dollar amount baid to the lender from :' ) )
thg borrower for the usé‘of the-lender's money. '

. Interest'réte: A percentage fi;;?é>\gsua11y between -
S and 20, that indicates the portion of the'principai "
that must be paid in interest over each time period. )
A 10% interest rate on a $1000 loan means the borrower

~-must éay 10% of $1000 (10% "df $1000 = 0.10 x $1000 = $100).
q for,the use of the money for eaEh*time period until

the $1000 *is repaid. Equaf&on 1 can be used to deteT-

miﬁé the amount of interest a borrower will pay.a lender -
« after any l-year befiod._ {Interest and inferést.gates

: are further ill&strated in Example -A.) «
Yoo o |
o ¥ -
Amount of interest Amount In account Iiterest i ‘
paid after any = at the start of x Equation 1 .
rate
1 year ‘- the year
o o . B —BE-02/Page—3




trated in Figure 1.

#ﬁ 1

v

. e T — ——— - [PUN — —
N e e e o [

- Time period: The length of time with which the fhterest

.rate is associated. 1In most cases, the time period is
_expressed in years — tﬁe indicated peréentage of the
principal must be paid for each year the pr1nc1pa1 is
borrowed. When- time periods other than years are used,
. the approprlate interes't rate figure  is annual interest
rate divided by :the Tumber of time periods per year.
For example, if the andug»lminterest rate is ,ﬁ? and one

is trying to calculaté monthly interest the evant
1nterest rate is %%1-=.3J5%. The 12 in the denominator

comes from the number of months in a-year.

The ;e}etéonshiﬁ of the abeve.defided terms is illus-

* ' °
b k]

. b A5 ’ : ¢
N , ) . _ .
©. 7 . - | PRINCIPAL TOTAL
s (Amount = AMOUNT
Borrowe@) OWED
S
‘ R
\ i :
~— —=
~ )
PRINCIPAL X LENGTH OF
(Amount A ‘TIME MONEY
Borrowed) | ¢ 4 IS BORROWED

< e

Flgure 1. Relatloﬁshlp,Amdhg Principal

- Iﬂtere‘st (Rate)/}mnd Time" o

The definition of interest _Tate 1mp11es that the amount

of interest assoc1ated with eacH year is. the same. - Futher-

— more, this amount is determlned by the interest rdte; the

.

P : . . .
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higher the rate, the higher the interest chafée will be for
each-year-the principal is borrowed. ‘ )
' Whenever money is placed in a certain kind of bank
aécount, it dr;ws interest. The money draws interest be-
cause the bank borrows the money from the person having the
..account.. Therefore, when individuals or businesses .have a-
sum of money that is not needed immediately, it may prove-to
be advantageous to deposit .the money in a bank aécopnt that
will_allew the money to earn interest. The result, of course,
is moré money. To summarize, costs and cost savings from €n-
ergy conservatlon projects should be analyzed as follows: If
the amounts of money are to be kept over some period ‘of t1me,
or received after some period of time has elapsed, it is
necessary| to consider what W%uld happen if:-the money were
* drawing interest instead of be1ng 1nvested\4\\energy conser-
‘vation measures. Dependlng on the interest rate, this method
of examining costs and cost savings can have an 1mportant
effect cn‘ﬁec151on maklng

g . e : RS

TIME VALUE OF MONEY
Consider the energy specialist who is debating the in-
stallion of plqstic tint for allfwindo&s in a particular
. bu11d1ng The building has 1500 square feet .of glass area,
and since the cost of 1nsta11at10n would be.$1.50 per square
féot, the total installation cost would be $1.50 x 1500 =
$2,250. How much money (in the form-of lower fuel bills
because of reduced energy usage) must the pla§I1C tint save
‘.~ the company to justify the $2,250 installation cost? Obvi-
- ously, the tint must save at least’ $2,250. But what about
the time perlods between the initial cost and the reductlon

- T M .

v ' 51 " EE-02/Page 5
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b wnin_fuel bills? Indeed;\time is a very important factor in:
£256nergy conservation decisions.
Suppose this procedure would save $225 per year for
10 years. Then the total saV1ngs would be $2,250, and the
cost would equal the cost savings if the time element is

7 ignored. The time element cannot be ignored, however, for
‘ the follow1ng reason: If the owners of the building were_
to take the $2,250 now and deposit it in the bank, then
% the entire $2,250 would immediately start‘éé?:ing interest

(mone&). On the other hand, if the plastic tinting is in-
stalled, then only \§225 ean be depositeq in the bank the
first year to earn {interest. Since $225 will be added each
year (for a total of 10 years), the amount in the bank will
B i ease toﬂéﬁ}b the second year, $675 the third year, and
viously, the owners would prefer to have §2,2 0

in the bank.earning interest every year than some amount
+ less than $2,250, since the amount of intérest earned is
a percentage of the amount in the account. Therefore, in

this particular case, the installation of the plastic ting- o
ing is not justified. 4 .
- . The 51tuat10n just described 1s an example of tlme

value of money, A'very dlstlnct and persistent r@igblouphlp

exists between time and money One dollar now is worth
. more thdn the guarantee of the receipt of $l at some time S

in the future. This is true because of the follow1ng One.__-
dollar now can be placed in the bank tp earn interest./ When
the designaged time’ in the future arrives, the interest
earned will have resulted in a total amount greater than
I the original $1. 1f the interest rate is 6%, after

. ‘ A
. year, $§1 will have an earned interest of 6 cents,-an

’of just $1 one year froﬁ now. This is the differen¢e between ’

El
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an amount of money now and the guarantee of the receipt of
the same amount later. Therefore, imterest provides the

link between present dollars and future dollars, This relasa
tiohship-Between time and money is illustrated in Figure 2

. -
N . .

and Example A.

* -

A . ’
. . N s

b4
En
mﬁ 3rd yr interest
3"2‘ 2nd yr interest| | 2nd yr interest .
,2.8 ist, yr interest 1st yr interest 1st yr interest '
:8 Original Original Original Original P
O & |Amount in Amount ‘in Amount in *Amount in 4
3 Account Account - Account Account -
i .
Present 1 yr from 2 yrs from 3.yrs from
- now now now
: . i TIME (YEARS) -
Figure 2. The Time Value of Money., (Accumulation -, .

of .an Amount Placed in & Bank JAccount.)

Notice that E?r each yeér the banK keeps the money
it must pay intere€st to'the owner of éhe money. The aﬁgunt
of interest the bank must pay the lenier depends on the

rate of interest, principal, and time %he'money is deposited ,
in the bank. The following equations ?Equation\?) }s offered

as evidence:‘- . ; H )
. | !
.~ I = prt ) Equation 2
. ) e
where: - N .
I = Inferest. . . ‘ '
p = Principal. - 5 LT . )

»e
.

4 &
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In most situations, it is important to know the exact i
amount of money that will accumulate in the
‘Example A will, explore this question..

, . .

Rate. ‘. %}p i .
. . . A’ o \ .

Time. .

\-

bank ag

4
P

-

ar”

‘e

INTEREST AND INTEREST RATES.

..
“her, N
T MM o .l}
N SV
: t
..
!

EXKMPLE A:

Given:
Find:

Solution:

Fifty dollars is deposited in a bank accouit.
The amount of interest that would be paid bn the

e LlelEletel bl blelertr

$50 each year if -the 1nterest ‘rate were a§ follows:
c. 15% -
. figure for use in calculations. ,

a. .. 5%
An interest rate can be expressed as a declmal
~—use 0. l0T—and_iku;;LS+T_use_ﬂ415q_~jkun1____

b. 10%
For 5%, use-0.05;
an be used as*follows: " .

-

tion 1

a. Interest paid _ Amount in account Iﬁterest e
after 1 year at the start of ‘rate_ CF
) the year L.
L \ , = $50 x 0.05 . ;\”
K © = $2.50 T -
b. Interest paid _ ‘
' after 1 year *-_$50 x 0.10 ‘ )
¢ .. - = §5.00. o A
c. Interest paid _ § . " ' :
after 1 year $50 x70.15 5
$7.50.




FUTURE VALUE OF A FIXED AMOUNT

" The future value of an amount of money is the dollar

figuré the amount will become‘if placed in a bank account
\‘#Eth a partrcular interest rate for a certaln time period
( sually years) Consider the follow1ng 51tuat;on where
$500 is deposited ih a bank account that pays 7% interest
per year, ¥—krrow dge 5] ke am nt _that will
_ be in the account aftbr iyears. The accumulation of the

" $500 proceeds as follows:

- The first year, the account w111 draw interest equal
to $500 x 0.07 = $35 Therefore, at the end of the
f1rst'year, if this 1nterest were left in the acceount,
the-account would contain $500 + $35 = $535.

- The second year, the account would draw intepest on
this $535, and, the. interest drawn would equal
$535 x 0.07 = $37. 45 Therefore, at the end of the
second yeaT, the account would contain §535 + $37. 45 =
$592.45., S

- The third year, the account would draw interest equal
to $572.45 x 0.07 = $40.07. Therefore, at the end of
the third year, the actount would contdin 3572 45 +
$40 07 = &612 52

- The fourth year, the account would draw interest equal
to $612/52 x 0.07 = $42.88. Therefore, at the end of

¥

The bank account- that begins at $500 will accumulate to
&655 40 in 4- ‘years. When large amounts of money are involved,
the time aspect becomes more important. In epergy economics,
'the time valpe of money is'an }mportant consideration in the

¢

-decision-making process,

EE-02/Page’ 9




COMPOUNDING PROCESS ’ .

N .

In the precedihg éxample, each time the interest waé
earned, it was left-in the bank. In this way, interest
. « earred in 1 year could 1tse1f rearn interest the next year.
"This is called compoundlng Compoundlng is the process where—

in the 1nterest _earned on an amount of money earns interest
=========fttse%£h- wthe—éel}ew&ngftime periods,. If the compoundlng

accumulate much faster. Compounding will not occur if the
interest earned each time period is removed from the account

. remain constant. The procedure — with regard fo calculatibhs
made for energy project decisions — is to treat each amount
-~ as if compoundlng would ogcur. ThlS prov1des d more accurate
reflection of the time valule of money. ’

-

EXAMPLE B: THE COMPQUNDING OF AN AMOUNT. OF MONEY.

Given: The-owﬁeraqf,a,huilding sélls a used compressor,
for $200 and deposits the money in a bank accounp.

¢ ¢

The interest rate is 8%

Find: - . The amount of money in.the account after 3 years
if the interest €arned is not removed from the
4 account. ‘ ‘
/ —_— - w‘ t
“_
! -~ -
_ , .
L4 ” l
S L
Page 10/EE-02 - - 56 )
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process is allowed to continue each time perlod the sum will ~

as it is earned — in this case the amount in the account will
. : 4

°




Example B. Continued. -

Solution: Recall Equation 1, and use it for all 3 years:
. - .

, Interest paid. ' Amount in aceount

. after first ‘= at the start of X igzzrest
' year the first year
S B = $200 x 0.08"
' i = §16:
. —_

Therefore, the amount in the accoun$ after. 1
year is equal to $200 + $§16 .= $216.

-Interest paid _ Amount in account

after second ~ at the start of «x ggzzrest '
» year ° the second year,
- .= $216. x 0.08 .
. - $17.28. .. \

’ ’ Therefor®, the amount in the ﬁccount‘after the
second year is equal to $216 + §$17.28 = $233.28.

R ‘n sInterést paid _ Amount in’'account ' i ioct
© T after third . at the start of X rate
year ~ .the third.year ;
= $233.28 x 0.08
= §18.66.

¢ ’ L4
Therefore,. the amouht in the account after the

third year is equal 'to $233.28 + $18.66 = $251.94.

L S

A ¢
[ 4
¢

FUTURE VALUE OF §1 . -

-

With respect to the future value of an amount, comsider

what .happened to the original $200 in Example B. First, the
$20 was multiplied by the 1nterest rate (8° = 0.08). This

C 5w EE-02/Page 11
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T
product was then added to the original amount, and the sum

at the end of the first year was obtained. The amount pres-

ent at the end of the first year was multiplied by the in-
“terest rate and then added to the .amount which was present.
at the end of the first year. Thus, the amount present at\
, the end of the second year was obtained. The same process
was used for the third year. )

The process wherein an amount is multiplied by some num-
ber and that product is aaded to the original amount is the
process which is repeated when an amount is compounded. The
first year of the preceding process 1is éiven by ($200 x
0.08) + $§200. Now observe the following‘mathematicay\manip-

ulations: C ')/

' ($200 x 0.08) + $200 = ($200 x 0.08) +'($200 x 1)
($200 x (0.08 + 1)
($200) x (1.08).

N

The result here is ‘that the original amount is multiplied by
a number that is equal to one plus the interest rate (1 + r).
This principle can be expressed as follows:

‘Given an amount in a bank account at a cer-

tain timge perlod the amount in the account,

1 year ldter is equal to the product of the

original amount and a number equal to.one
plus the rate of interest (1 + 1).

Thls principle applies not only for the first year, but for
each year thereafter.. Since the amount ‘at the end of the
first year is equal to ($200 x 1.08), the amount at the end

: of the second year would be equal to ($200 x 1. 08) x.(1.08).
This process is illustrated in Figure 3. »

B bams
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Starting
Amount

\ $200 x [s1.081| x [s1.08]] x [s1.08]

Amount After First Year

Amount After Second Year . . .

Amounit After Third .Year

— ¢

' - __ -Figure 3. The Compounding of $200 for 3
Years with Interest Rate 8%. ’ o

Now consider the case where $1 is deposited in a bank
account that earns interest at a partlcular rate. (By u51ng
the letter r for rate, the formula obtalned will be. appllca-
ble for all rates.of interest.) The principle stated previ-
ously still applles,.although the mu1t1p11cat10n is .much sim-
pler since the original amount is $1. Flgure 4 is similar to
Figurg 3, although the orlglnal dmount is $1 and the interest

rate is expressed as'T. .
, E)
s1 ' x [T | L »rfjx[1~r]
- Starting - ,
Amount '

) Amount After First Year

9

Amgunt ‘After Second Year

Amount After Third year

.0 . J

‘Figure 4. The Compounding of $1 for 3
' _ Years with Interest Rate T.

-~ - -
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It should be clear that the dollar amount present after

J\,1 year is simply (1 + r). Similarly, the amount presgﬁt
after 2 years is (1 +r) x (1 +r) = (1 = r)?. Note that

this process can continue beyond 3 years for any length of

. time. All that is requlred is to multlply the amount in the

beglnnlng of last perlod by (1 + r). In the special case of
$1, the amount in the-account after a number of time periods:

—ftm)—isequal to{+r)— Thus;thefirst—formula is—as
- follows: o T -
. ' &
FVa($1) = (1 + ) Equation 3
N 0
where: ‘ .
FVL,($1) = Future value of a present amount $1

. after n time periods (usually years)
in a"bank account.
Interest rate. -

T
~n = Number :izg;me periods the dollar
7 accumulafes. ‘

L

'
fo]
n

14 1]
< .

_ e e o e a— E— - n

EXAMPLE C: TFUTURE VALUE OF §1.

LY

Given: Oné dollar has been depq§}tea in a bank aécoupt,
earning 8% interest. .
Find: The amount in the account after 3 years:
Solution: FVL($1) = (1 + r)n »
R = (1 +0.08)°
= (1.08)°
= §1.26.

1
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FUTURE VALUE OF AMOUNTS GREATER THAN $1 -

When wotking with original amdunts of more than $§1
(which will norhally be the case), consider the following:
The process that has been described previously will occur
with each dollar originally present. Therefore, all ohe
must do is calculate the futuré value of §1 over the same

i e—per%eé——u5%ag-%he-same_;ntexestgpa .~ Then multiply

a

this figure by the orlglnal amount to obtain the future value
of that amount instead of $1. For instance, in Example C,

if $50 had .been deposited in the account, then each of the 50
dollars would have been worth $1.26 after 3 years Therefore,
“the total future Value of the $50° would be $50 x 1.26 = $63

ot »

HOW TO READ THE FUTURE VALUE OF $1 TABLE’

Table 1 gives, the future value of §1 accumulated for a
given number of time perieds (years) at a given interest
rate \ This table, called Compound Sum of $§1 Table, because
of the compoundlng process that takes place, 1s used as
follows< .

‘-—————Find- the~appro?r1ate interest-rate column.._ ...

Find the appropriate time-periqd column.

Find the entry where g?e .row (time) and the '

column (interest) intersect. :

This number is the accumulated value-of $1 left in a bank
account at the given interest rate for the given time period.
Once this number is obtained, it can be multiplied by the
original dollar amount to obtain- the accumulated future dol-
lar walue of that amount. Fof this reason, an entry from the

EE-02/Page 15
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TABLE 1. COMPOUND SUM OF §1.

- Number of r - ——_ Rate of’Inperest
Periods ‘ —— -
(Time) 6% ’ 7% 8% © 9%
—— 1 ) _1.0600 1.0700 1.0800 1.0900
2 1.1236 1.1449 1.1664 1.1881
.3 1.1910 1.2250 1.2597 1.2950
3 1.2625 1.3108 1.3605 - 14116

.

-Compound Sum of $1 Table is often the Future Value Interest

- - Factor (FVIF) for the particular interest rate and time pe-
riod. -(A number is said to be a factor if another number, or\
\group of numbers, is multiplied by it.) The preceding exam-
ples 'of $50 placed in a bank account for 3 years, when the
interest rate is 8%, will be ‘worked now by u51ng the preced-
ing section of the Compound Sum of §1 Table.
The appropriate column to use is the one under 8%, and

< o . . .
the appropriate Tow to usé is the one labeled 3, since the

)

period is 3 years. The entry wherein this row and this col-
~umn intersect is 1.2597; thus;‘each dollar of the original
~ " —$50 will accumulate to $1:2597. Therefore, the—total amount
in the account, after 3 years, is given by (1.2597) x $50 =
%62 98. (Due to the roundlng of numbers, this answer is
_slightly different from the one previously obtained. ) With
reference to Equation 2 and the preceding conclusion, the
-~ formula for the future value of @ present amount ($P), which
draws interest at a rate T for n* time periods, can be glven
as follows: )

A

/ . .
- . # Cor " 62

Page 16/EE-02




- FV,($P) = §P x (1 + )P . Equation 4

4

» 2 ,P::""? ‘ ) )
where: . ' <
FV,($P) = Future value of a present amount (§P) -
after n time periods.
r = Interest rate. . J -
Z n = Number 5f time “periods—the amount $P-

Auaccumulaxes at_interest rate T,

Recall from Equatlon 3, however, that part of Equation
4 — (1 + r)n - is equal to the compound sum of $1, which re- .
ceives 1nterest at a rate r for n tlme periods. This aﬁount
for different.time perlods and 1nterest rates is what com-
prlses the entries in the Compound Sum of $1 Table. This
amount is also the Future Value Interest Factor (EVIF)” for
the approprlate number of time periods and the appropriate’
interest rate. Therefore, Equatlon 4 can be Tewritten as

¥

fellows:
N

- N

FV,(§P) = $P x EVIF (n year, 1) Equation 5

O
> e e e /

where: . : o . - . .
‘ FV,(§P) = Future value of a present amount $p after
that amount has accumulated in a ba k '

-account for a_g;ven numbex of years with

a given interest rate. - r

./

. — 63 , 'EE-02/Page 17




4’ ~
-

FVIF (n years, r) = Future value of interest factor,
. " .
or the future value of §1, if it
) N h]
accumulates for n'years :when the
interest rate is 4% (the same n
) and r which apply.to the amount
SP). ‘

\ .
- N
N . ~

N . .
. .

* . )

_EXAMPLE D:- FUTURE VALUE OF AN %MOUN$‘GREATER THRN $1.

‘Given: An .amount of $26,500 is\placéd in a bank aecount
with an interest rate oé,g%.

Find: The amount in %hé account after 4 years.

§olution: Recall Equation 4 as follows:

FV. ($26,500) = §26,500 x FVIF (4 years, 9%)
From Table 1, FVIF (4 years, 9%) is obtained
_" to be 1.4116. Therefore,
£V, $26,500 x 1.4116
$37,407.40.

\
'
\x A \

i
. \ \
\ -

. - . « l‘
. . \ . .

;*Thé—FVT?4methUd—for~determining4futureAVa}ueninvolves:
" much easier calculationsi?nd should be used whenéver possible.

OBSERVAI}ONS CONCERNING THE FUTURE VALUE OF A FIXED AMOUNT

Close examination of the more complete -Compound Sum of

$1‘Tab1e at the ‘end of this module (Data Tab%e,l) will reveal .
two facts: ,/ ‘ . -7

.
-
.

’ J
-~ />

. -
; . .o

/

;
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Amounts accumulate faster at highefr interest rates.

/

T . . : 2 .
Longer time periods result in greater accumulation.

oL e i - "
The first fact applies because a higher interest rate means

that 4 largerlpercentagekof the original amounélwill Belearned . —
each year.. Since the accumulation of 1 year will alsoe earn-

interest inrsubsequent years, the total amount wiiI accumu-

Jlate faster at a higher rate of interest. The second fact

applies bécause earniﬁgsyffom each additional year of inter-

est add to’the total sum. The relationships among rate of
interest, accumulation; and-time 'are given in Figure S and _ ..
illustrated jn Example E. . N i

. .
. .
. . . 4
b .
-
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EXAMPLE E: FUTURE VALUE OF A FIXED
AMOUNT GREATER THAN §1.

AN

Given: A business dec1des to buy two solar collector,
panels at $1000 each and has the option of pJ;r.
ing $20Q0 now or $3000 S years. from now. The

_ ' relevant interest rate is 10%. '
|Find: The payment plan that will minimize the cost
the business must pay, using Data Table 1 at
the back of this module. .
> Solution: The future value of §3000 io'be paid.in 5 years
is $3000 The future value of $2000 present
dollars, 5 years from now, is calculated as

follows (by using Equation 5):
. __‘/—\6

.FVs($2000)

$2000 x FVIF (5 years, 10%) _
$2000™x 1.6105 .
$3221.

xd from Data Tdble
he $3000 payment
7000 payment now,

FVIF é;/years, 10%) is oh
1. THus, the.future valug
in 5 years ‘1-7? less than th
and the business could wait]5 years and pay
$3600‘to miﬂiii

— - s $2000\now; the business

ze the caost gnstead of.paying.
ould put the $2000 in-
10% in%ere§t per year.
After S5 years, the business would have $3221

in the.account ‘and could pay the $3000 and use

4 . bank' ‘account drawi

the rémaining $221 for something else. If the
= . $2000 is paid now,‘{Pe_business, in effect, loses
$221. ' )

Page 20/EE-02 \
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"COST ESCALATION A _—

A very useful and impd}tant application of future value
is the concept of cost escalation. Cost escalation i5s a
method that considers the fact that the price of something

will rise in the future. "One area where cost escalation is
most likely to occur is the price of energy. As shown in

Table 1 of Module EE-01, prices of energy are rising, and all e

dications point—to thepossibility of their continued -in-
crease in the future. If the price of some ﬂzrm of energy
(electricity, for example) is expected to increase a certain
percentage each year, then the same thing happens to the -
price of that energy that happens to an amount of money ‘that
is deposited in a bank account drawing interest at an inter-
est rate eqnal to that percentage. In:both cases the origi-
nal amQun't is 1ncreased by a. constant percentage each year.
Suppose the price of gasollne is 65 cents per gallon. If the
,price is expected to rise 15% during the nekt year, then the
amount of the increase will equal $0.65 x 0.15 = $0. 0975. -
Thus, the price of gasoline after 1 year woulq be $0.65 +
$0.097S (approximately) = $Q.?S per gallon. Future value

interest factors can be used in calculations of thi’s nature, -
and the proCess is exactly the same as tha& used to find the

—~=5 future value of—=a fixed amount"—uThe-process will also wnrk

for values less than $1 The fOllOWlng equatlon (Equatlon 6)
can/pprSed when the rate of price increase is known

-

“ Price-Qf a cerfain - . ..
;&;Zzggzséfgezeigs " Present price X FVIF. .
’ of the item .7 (n years, T)

increasing’'r per
year . : Equation 6

. . . . ‘ EE<{02/Page 21
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where:

FVIF (n years, r) = Entr OR
o
. of™%

if it is increased by T

the Compound Sym of

which gives the_valgp

.per year for n wpears. o

~

3& ?
‘ EXAMPLE F: ESCALATION OF ENERGY' COST.

Given: THe price of natut I gaé in Louisiana is$2750
per IOOO%f3 and will increase 12% per year for
the nextS?O yearsy. -

Find: ﬁpThe'price‘of natural gas in Louigiana after the ~
following years: ' ’

"a. 1 year. = ’ v s
b. 6 years. . . : t

<
v

3 c. 10 years..
Solution? (a. Price of natural gas

.~
/

C®fter 1 year when _ Price now x FVIF o
it is increasing 12% (1 year, 12%) N
per year . , )
' = $2.50 x 1.1200 ~
. : = $2.80.
b. Price after 6 — 5 019735 — - |-
years - )

= $4.93. k

) .
) c;, Price after 10 o .Y : ;>
years ‘ / = 33.50 x 3.1058

% . ) ) = $7.76. . -

\
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. . .
,gﬁ *, Example F illustrates that cost increases are signifg- °

' ";cant espec1a11y when the price more than triples in 10. years..
When ‘the costs and cost saV1ngs of an energy project are be-

ing calculated the possibility cf rlslng prices must be con-
sidered. It also should be point out that energy prices are

not the only costs subject to increase. In fact, most prices |
in the -economy are increasing, but at a rate iess than that ~
of energy prices The future-price of anything can be deter- = {
mined with the preceding technlques, if the rate of price

increase 1is- known. With regard to energy, information con- T ~
cerning the rate of price increase sometimes can be obtained

. from utility companies and other energy producers.

CONCLUSTION

.Examble E and the total concept of the time value of
money point to the fact’that energy costs should always he
; compared with dollar amounts of the same time period. In
most energy projects, the time perlod used is not some year i
in the future, but the present. The next section of this
module deals with converting dollar amounts to be received
in the future to equivalent amounts associated with the pre-

sent.

&

o ‘ ‘PRESENT VALUE OF A .FIXED AMOUNT ,

° ¥
- -

Any amount of money Lo Re received atfsome p01ﬁt in the
future is equal to the compouggg%um of another smaller amount

‘associated with the present. TEIs\ggiii:r amount in the pres-
. ent is called the present value (V) of at futuré\smount. ) '

v




. following:

L 4
A*good ,way to visualize present value is to view it as the
"reverse" of the future value process. ‘ .

In an earlier case, the future value of §$50, drawing
‘interest at a rate of 8% for 3 years, was calculated to be
1$§62.98. (That is, $50 in the présept will become $62.98 in
3 years if it can accumulate interest at a rate of 8%.) The
present value of a future amount can be determined by taking
the amount to be received at some point in the future and
determining the exact amount in the present that will accumu-
late-to that future amount, given an interest rate and time
period. Therefore, in the preceding case, fhe present value
of $§62.98 (which would be accumulated in 3 years if the inter-
est rate is 8%) is $50. When a future amount is reduced in
value to an equivalent amount associated w1th some earlier
time period, it is said that the amount has been discounted, -
and the interest rate used is called the discount rate. ’

~

DERIVATION OF A FORMULA FOR PRESENT VALUE

A formula for calcula¢1n° present value can be derived
by manipulating the formula already obtained for the future
value of a present amount ($P), which draws interest at rate
r for n periods; The following formula for future value of
a present amount was given previously as Equation 4:

FVn($P) = §Pp x (1 + r)n

_AlgeBraically, it is possible to divide both sides of an
equation without destroylng the equallty In this instance,
dividing both sides of the equation by (1 + )T yields the

-

.
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Equation 7

kY

®

Note that on the right side of Equation-4, (1 + r)? is divided
by (1 + )", and the terms cancel one another.- Another more
convenient way to write this equation is as follows™

»

" PVL($F) = TT§§_?7ﬁ ' 'Equation 8

L

= Present value of some future amount $F
to be received in n time periods. ~
T »Ingerest réte. ‘
n = Number of time periods.

T;} reasoh Equation 7 was ;ewritten is ‘because the amount
being dealt with in present value calculations is associated
with the future, ($F) rather than the present ($P). With
Equation 8, the present amount needed to fesult in the partic-
ular future value can be calculated if the interest rate and
time period are known; this figure is the present value of

the future amount. ) '

. .
.

2
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" - JEXAMPLE G: A PRESENT VALUE OF §I.
{Given: ‘One dollar is to be received in 4 years. The
. interest rate is 4%.
Find: The present value of this amount.

.1Solution: - : Lo
. . F v
?Vy($F) = -(l—ft—?rﬁ ' (Equatlon 8)

- $1.
a8 = m5 o000
. . - $1' . R
$1.17
- - PVL($1) = 85 cents,

. Therefore,-if 85 cents is deposited in a bank
account and receives 4% interestfper year, theTe
will be $1 in the dccount after 4 years.

/

is also a table from which‘the present value of $1 can be .
read for various t'ime periods and ¥nterest rxtes, as shown . ’
19.Data Table 2. The procedure for using this table is the o

same as the procedure used with the future value table:

Flnd the appropriate interest-rate column. o
) Flnd the appropriate time perlod\row
. Find the intersection of the rowﬁfnd column and ;
read the entry — ‘~d\\\~f

This number is the present value of $1 n years in the future,

discounted at'the given interest ' rate. A section-of the
: . L]
Present Value of $1. Table is illustrated in Table 2. N




TABLE 2. PRESENT VALUE OF §1. .

Number ¢f Rate of Interest
Periods -
(Time) 2% ’ 3% 4% 5%

9426 | 0.9246

2, 0.9612 0 0.9070
3 . 0.0423 0.9151 | 0.8890 0.9638
4 0.9238 0.8885 0.8548 0.8227 )
5 0.9057 0.8626 0.8219 0.7385

4
v

- (

For Example G, the appropriate column to use is the oﬁe'
under 4%, since the relevant interest rate in that example
is 4%. The appropriate row to use is the one labeled "4,"
since the relevant time period is 4hyﬁais; The entry where

- _ this row and this column intersect is 0.8548. Therefore, the

present value of $1, to be received 4 years from now when, the
interest rate is 4%,,L! approximately 85 cents.

4 )
. PRESENT VALUE OF AMOUNTS GREATEK THAN §$1

Table 2 can aiso be used to calcﬁlaté fhe present value
of future amounts greater than $1. Notice that for a given
amountugregte: than $1, each dollar of that amount has a pres-
ent value equal to the amount found in the Present Value of
$1 Table. Therefore, to utilize Table 2 for amounts greater
than §1, use the following procedure:

Obtain the time period and relevant interést rate.

In the tablé locate the present.value of $1 for this

-~

time period and interest rate. This is the PVIF.

\ : . . | . /
) ) ~ EE-02/Page 27
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y . ,/ /' ~
4 ;
“ Multiply this PVIF by the original future amount.

» The product is the present value of that 4mount. -

Since the entries from the Present Value of $1 Table
can be used to mqltiply by a future amount to get its present

value, these entriés sometimes are called Present Value In~
terest Factors (PVIF). A particular factor associated with .
an interest rate r and n year is designated by PVIF (n years,

r). Therefore, another equation for; the present value of a
future amount FV,($M) is given as fdllows:

PV, ($F) = $F x PVIF (n years, 1) Equation 9

PV, ($F) Present value of a future amount

$F to be received in n years from .

the present.
Some future amount associated with

i
1

N~

a time period n years from _the
- ' present.

-

T PVIF (n years,:r) Present value of $§1 to be received
‘ in n years when the  interest rate
. is T — also called the Present

. Value Interest Factor.

This latter method (Equation 9) is much easier to use
than that described by Eduation 7.

Page 28/EE-02 , 74
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EXAMPLE H: PRESENT VALUE OF AN AMOUNT GREATER THAN $1.

Given: A newly installed compressor is to be replaced
.in 5 years. At that time, it i® estimated that

the compressor can be sold for $200. The inter-
est rate is 4%. ~
Find: The present value ofs the selling price.

Solution: From Equation 8, recall the following:.
PVn($F)
PV, ($200)

$F x PVIF (5 years, 3%)

$200 x 0.8262 .
$172.52. .

Thus, $200, to be received 5 years from now,
is worth only $172.52 today.

»

-

.

Previously, Example E showed a Jbusiness that had the

choice of paying either 32060 now or $3000 in 5 years. for

two solar collector panels — with a relevant interest rate

of 10%. The following calculations show how these amounts

can be converted to present value and compared The present -\

value of $2000 paid now is just $2000. The presentwvglue of
$3000 S5 years from now, discounted at 10%, is eqhal to
(3000)/(1.10)° = ($3000) x (0.6209) = $1862.70. The figure
(0.6209), in this case, is just the present value of $1 to
be received in ‘5 years, discounted back at lp/. (The figure
0.6209 was obtained from Data Table 2.) The implichktion of
these calculations is that paying $3000 in 5 years, when the
relevant 1nterest rate is 10%, is exactly the same as paying '’

, $1862.70 now. Given the choice of paylng $2000 now or
81862.70 now, the obvious ch01ce would be to.pay the $1862.70.

*
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This implies that the alternative of paying §3000 in 5 years
should be chosen over the alternative, of paying $2000 now,
since $1862.70 could be deposited in the bank now-and, in
effect, would result. in $3000 in 5 yeat. Therefore,Jthe
savings are equal to $2000 - $1862.70 = $137.30 in present
value terms. | '
It may be recalled that in the first presentation of
Example E, the savings associated with choosing the $3000
plan wefe equal .to.$221, to be received in 5 }ears. The
bresent value of this amount, when the interest rate is 10%,
is equal to ($221) 'x (0.6209) = $137.22 — which approximately Con
is equal to the savings obtained by the other method. '(The
slight difference between the two amdunts is due to rounding K
of numbers.)
The important implication of this example is that the
present value~calculation and.the.compound sum calculation
~——_1ted to the same dollar amount, and, in both cases, the dollar
. amounts were, converted to comparable tifne pefiod§: '

.

OBSERVATIONS CONCERNING THE PRESENT VALUE OF A FIXED® AMOUNT

Careful examination of Data Table 2 (a.more extensive
Present Value of $§1 Table located near the end of this
module) revedls two facts: .

If an amount is discounted back to a higher rate of

interest, its present value is smaller.

. The present value of an amount to be received in the
future is -smaller the farther in the future it is to

be received.

-
L
N ¢
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The/flrst fact is explained as follows:

The present value

(orlglnal amount) is smaller at hlgher interest rates — the
reason being that each year the higher interest rate results
in a larger percentage of the amuunt being added to the sum.
The second fact is applicable because a longer time period

\ ‘ The more
time the original ampount has to accumulate, the smaller the

amount can .be when it begins to accumulate.

gives:the original amount more time to accumulate.

"The relation-
ships smong present value, rate of interest, and time are

illustrated in Figure 6.
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SHORTER TIME PERIODS ‘ g’ .

Occasionaily, a situation will arise where a time period
shorter than 1 year must be used. The following time periods

"are examples:

1 month = 1/12 year
. 1 week = 1/52 year
1 day = 1/360 year

Situations where these time periods are used are easy to

compute with the Compound Sym of $1 Table (and, thus, the
Present Value of $1 Table). \\These situations apply to time
periods, not just Years. - The\lmportant thing 90 remembeg .
when using this table 1is that>the interest rate must always -
corréspond to the time périod. For instance, an interest \
rate of 8% per year is not the same as an.interest rate of

8% per month. The easiest way to convert an interest rate
expresséd in years to a shorter time period is to use the
figuréé given previously. For instance, an int§éest,rate of
8% per year is the same as an interest rate of 8/12 = 0.67
per month. (The appropriate number of time periods are used —
for example,: one year -is 12 months, and so forth.) "The fol-
lowing example (Example I) shows how this techniaﬁe can be
useful: ' S J d N

(
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EXAMPLE I: SHORTER TIME PERIQDS AND COST ESCALATION.

Given: A homeowner's electiiéity bill in January. is .$§35.
. The price of electr&Fity is rising at the tate of
12% per year.

Find: The homeowner!s bill in June (5 m%nths later),

assuming the use of the same amount of electric-
-~ ity and that ‘ftes increase monthly.’

Solution: An interest ratesof 12/12 = 1% per month; there-
fore, the bill will increase at the rate of 1%
per'tiﬁe/ieriod for five time periods. Recall
Equation 6, and use the word "months" instead
of "years,'" as follows:

Electricity bill after procent _ FVIF (5months,

5 months when it is = o
increasing 1% per bill 1% per month)
month
o T T 7= $35 x 1.0510
s = $36.79.

&
The techniques presented in"this module provide the
fundamental‘skills necessary for accurate analysis of the
costs and cost savings of energy conservation projects.
~ These techniques must be firmly understood by’thé energy

specialist.
-
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- ‘ EXERCISES

1. A steam-tracing line has»a one-eighth inch diameter

hole from whlch steam is escaplng The plant uses 540 b/

million Btus per year to heat the steam lost through

this hole. 4
a.

g

At $1.2Q per million Btus (MBtu), what is_the
cost of the leak‘to the plant?

If the inflation rate is 6%, what would be .
the cost to the plant next year if the leak is
unrepa1red7

.If the inflation rate is 6%, what would be.

the cost to the plant 4 years from now if

the leak is unfepaired?/ What is the present ?
value’ (PV) of that cost? .
Complete the chart in Flgure 7. ~ i :
Use the chart in Figure 7 to answer the .
f@llqwxng questlons v
(1) Which alternatlve) A .B, or. C, has

the grgatest total losses? -

..(2) Wthh alternative has the greatest ‘
‘ sum of PV of losses? . ‘
(3) What factors cause the sym of PV ‘ i

of losses to differ from total losses? - ’ \v/~§

/ ' .
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Figure 7. Annual Loss Chart.
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DATA.TABLE 1: FUTURE VALUE OF §1 (FVIF). .
Perdod 1% 2% 3% 4% 5% 6% % $% 9%  10%  12% 14%  1S%  16%  18%  20% % 8% 2%  38%
1 10100 10200 10300 10400 10500 10600 10700 10600 10900 11000 11200 11400 11500 11600 11800 12000 12400 12800 13200 13600
2 10201 10404 10609 10816 113025 11236, 711449 11668 11881 12100 12544 2996 13225 134567 13924 14300 15376 16384 17424 13496
* 3 10303 10§12 10927 11249 1576 11910 12250 12597 12950 13310 14049 14815 15209 15609 16430 17280 190664 20972 23000 25155
4 10406 10824 11255 11699 12155 12625 13108 13605 14116 14641 15735 16890 17450 18106 19388 20736 23642 26844 30360 34210
e 5 10510 “11041 11593 12167 12763 13382 14026 14603 15386 16105 17623 19254 201'% 21003 22078 2.4883 29316 34360 40075 46526
t ‘ . .
© % 5 10815 11262 11941 12653 13401 14185 15007 15869 16771 17716 +19738 21950 23131 24364 26998 29860 36352 43980 52899 63275
> 7 10721 11487 12209 13159 14071 15036 16058 17138 18280 19487 22107 25023 26600 28262 31855 35832 45077 56295 69826 86054
3 1082 11717 12668 13686 14775 15938 17182 18509 19926 21436 24760 28526 30590 32784 37589 42998 55895 72058 92170 11.703
O.v 9 10837 11951 13048 14233 15513 16895 18385 19990 21719 23579 27731 32519 35179 38030 44355 51598 69310 92234 12186 15916
| 100 11046 12190 13439 14802 16289 17908 19672 21589 23674 25937 31058 37072 40456 ‘44114 52338 61917 85344 11805 16059 21646
L] .
§1- 1NST 12434 13842 15395 17103 18983 21049 23316 25004 28531 34785 47262 46524 S1173- 61759 74301 10657 151117 21198 29433
12 -,11268 12682 142587 16010 17959 20122 2252 25182 28127 31384 38960 48179 53502 59360 72878 89161 43214 19342 27982 40037
13 11381 12936 14685 16651 18856 21329 24098 27196 30658 34523 43635 54974 61528 68858 85934 10699 16386 24758 36937 54451
L 14 11495 13195 15126 17317 19799 22609 25785 29372 33417 37975 48871 62613 70757 79875 10147 12839 20319 31691 48756 74053
15 11610 13450 15580 18009 20769 23966 27530 3172 36425 41772 54736 71379 81371 92655 11973 15407 25195 40564 64358 100.71
. ) : .
16 11726 13728 16047 18720 P29 25401 29522 34259 39703 46950 61304 “81372 93576 10748 14129 18488 31242 51923 84953 13696
+ o 17 . 11843 14002, 16528 19479 22020 26928 31588 37000 43276 S50545'68660 92765 10761 2461 _ 16672 22186 38740 68481 11213 18627
18 11961 14282, 17024 20258 24066 28543 33799, .39960 .4717) 55699 76300 10575 12375 14367 19673 26623 40.008 85070 14802 25333
19 12081 14568 77535, 21068 25270 30256 36165 43157 57s7 61159 86128 12055 14231 16776 23214 31948 59567 10889 19539 34453
20 1202, 14859, 180617 21911 28533 32071 38697 46810 5604 67275 96463 13743 16366 19460 27393 3BT 73854 13937 25791 468
2 12324 15148 18603 22788 27850 83096 41406 SUPB 01068 74002 10803 15687 (B8 22574 32323 46005 91591 17840 34044 63726
22’ 12447 15460, 19161 23699 29253 36035 34304 54365 66586 8.1403 12100 17861 21644 26186 38142 55206 11357 22835 44939 86667
23 12672 15769 19736 24847 30715 38197 37405 68715 72579 89543 13552 20361 24831 30376 45007 86247 14083 29230 59319 11/86
24 .12697 160€4 20328 2533 32251 40489 50724 6,332 79111 984977 15178 23212 28625 35236 53108 79496 17463 37414 78302 16029
" 26 12824 16406 20938 26653 33864 42019 54274 68485 86231 10834 17000 26461 32918 40874 62668 95396 21654 47890 10335 21800
2% 12953 16734 29566 27725 35557 45494 58074 739%4 93992 11918 19040 30186 37856 47414 73948 11447 28851 61299 13643 29649
27 13082 17069 22213 *2883a 37335 48223 62139 79881 10245 13110 21324 34389 43535 §5000 87259 13737 33295 78463 18009 40322
28 13113 17410 22§79 29987 39201 51117 86488 86271 11167 14421 23883 29204 50065 63800 10296 1648% 41286 10043 20772 54833
29 13345 17758 23566+ 31187 41161 54184 71143 9373 12172 15863 26749 44693 57575 74008 12150 19781 51195 12855 31379 74580
. 30 13478 19114 24273 82434 43219 57435 76123 10062 13267 17449 29959 $0950 68211 65849 14337 23737 63481 16455 41420 *10143
40 14839' 22080 132620 %8010 70400 10:285 349)4 21724 31409 45253 93050 18888'26?86k 37872 "75037 14697 54559 19426 68520 .
50 18446 ‘25316 43839 71067 11467 19420 29457 46901 74357 11739 28900 70023 10836 16707 39273 91004 46890 . .. .
60 13167 32810 58916 10519 18679 32987 5798 10125 1760® 30428 89759 25959 43839 73701 20365 56347,  ° . . ..
M CO ) *FVIF > 99,999
. . i 3
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g : . —_— - DATA TABLE 2: 'PRESENT VALUE OF $1 (PVIF). .
. ~ . . ,
o .
tri . . -
' c'> . Perlod 1% 2%° 3% 4% 5% 6% 7% 8% 9% 10% 12% 1% 15% .16%  18% 20% 24% 28% 32% 36%
o1 AR . - . T . T
L | 5901 9804 9709 .9615 9524 9434 9346 9259 9174 9091 8929 8772 8696 6621 B475 8333 065 .7813 .7576 7353
2 9803 9612, 9426 9246, 9070 8900 .8734 8573 8417 8264 7972 7695 7561 7432 7182 6944 6504 6104 5733 5407
’ 3 9706 9423 9151 8890 8638 8396 8163 7938 7722 7513 7118 6750 6575 6407 .6086 5787 .5245 .4768 .4348 3975
o 4 9610 9238 8885 8548 8227 '7921 7629 7350 7084 - 6830 6355 5921 5718 5523 5158 4623+ 4230 3725 3294 2923,
) LN 5 9515 9057 86/8 8219 7835 7473 7130 46806 6499 6209 5674 6194 4972 4761 4371 4019 341} . 2010 2495 2149
! \ . ,
* d 6 9420 8880 6375 7903 7462 .J050 6663 6302 5963 5645 5066 4556 4323 .4104] 3704 3343 2751 .2274 .1890 .1680
) 7 9327 8706 B8131<,7599 7107 6651 6227 5835 5470 5132 4523 3996 .3759 © 3538 3139 2791 2218 1776 1432 .1162
- 8 9235 8535 7894 7307 6768 6274 5820 §403 5019 4665 .4039 .3506 3269 3050 2660 2326° 1789 .1388 .1085 0854
9 9143 8368 7664 12026 6446 * 5919 5439 Q(é!oz 4604 4241 3606. 3075 2843 2630 2255 1338 .1443 1088 0822 0628
10 .9053 8203 7441 6756 ' 6139 5584 38083 4632° 4224 3855 3220 2607 2472 2267 1911 1615 1164 0847 0623 0462
11 8963 B3 7224 6496 5847 5268 4751 4289 3875 3505 2875 2366 .2149 .1954, .1619 .1346 0938 0662 0472° .0340.
V12 8874 7885 7014 6246 5568 4970 4440 3971 3555 3186° 2567 2076 1869’ 1685 .1372 1122 0757 0517 0357 .0250
13> 8787 .7730 6810 6006 5303 4688 4150 3677 3262- 2897 2292 1821 5 1452 1163 0935 .0610° 0404 0271 084
< 14‘?. 8700 7573 6611 5775 5051 4423 3878 3405 2992 2633 2046 1597 \.1413. 1252 0385 0779 0492 .0316 .0205 0135
15 8613 .7430 6419 5553 4810 4173 3624 3152 .2745 2334 1827 1401 1229 1079 0835 .0643 .0397 .0247 .0156 0099
- . N + . . . v
- 16 8528 .7284 6232 5339 4581 3936 3387 2919 2519 2176 1631 1229 0541 0320 .0193~ (1i8. .0073
., 17 8444 7142 6050 5134 4363 3714 3166 2703 2311 1978 1456 1078 0451 0258 ..0150 .0089 0054
18 8360 7002 5874 4936 4155 3503 2953 2502 2120 1799 1300° 0946 0376 .0208 O0116R 0068 0039
) . .19 B277 6864 5703 4746 3957 3305 2765 2317 1945 1635 1161 0829 > 0313 0168°' 0092 005! 0029
N ;2 8195 6730 5637 .4564 3769 3)18 2584 2145 1784 1486 1037 0728 0611 0514 0365 0261 0135 .0072 0039 0021
. . 25 .7798 6095 4776 3751~ 2953 2330 1842 1460 .1160 0923 0588 0378 0304 0245 0160 0105 0046, 0021 0010 0005
30 7419 5521 4‘120- 3083 2314 1741 .1314 0934 0754 0573 0334 0196 0151\ 0116 )0070 0042 .0016 0006 0002 _ .0001
. 40 6717 4528 3066 2083 1470 "0972 0668 0460 0318 0221 0107 0053 .0037 00 0013 0007 0002 000! . .
, 50 6080 3715 2281 1407 0872 0543 0339 0213 0134 0085 0035 0014 0009 ' 0006 0003 0001 . . . ’
60 5504 3048 1697 0951 0535 0303 0173 0099 0057 .0033 0011 0004 0002 0001 - ° L . . .
. - . . . . *The factor is 2ero to fous, decimal places
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- ' GLQSSARY

Compounding: The process in which the interest af an amount
Qﬁ‘money earns interest itself in subsequent years.

Cost escalation: The calculation of the impact of inflation
on the future price of resources.

»

Discount: The process of calculating the\present value of
future cash flows at a specified interest rate. (the
"discount rate'). ‘ '

Discount rate: The interest rate used to calculate the
present value of future income.

e

Future value: The dollar figure an amount of money will be-
come if invested at 4 specified interest rate for a
specified time period.

-

Future value interest factor: A number, when multiplied b
an initial amount that will yield the amount the prin-
cipal would graw to if dnvested at a specified interest
rate. It is equal to (1 + r)t.

Interest: Dollar amount borrower pays lender,for the use of
lender's money. . '

. Interest rate: Figure indicating the portion of the ppincipai
thet must be paid in interegt over each time period.

. Present value: The, value now of a sum to be paid or received
at a specified future data. -t .

Present value interest factor: A number that, when mefri-
-plied by a future amount, will yield the initial amount,
of money that would grow to ,the.futuré amount if invested

at a specified interest rate.. It equals 1 .
P f 04 . @ 1 + T °
x A . ( )

:Principalz The amount of'mgney borrowed to replace, install,

* ¢+ or modify an energy system: -
Tihe period: ‘ The lenéth of time, usually a year, associated
with interest rates. - : C '

IS 4 . : . . . N ) - .
ime value of money: The concept that a dollar is worth more
today than -in the future because a dollar- received today
_can be ifivested .to yieldymore than z dollar in the future.

-
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.. INTRODUCTION

This module discusses fhe techniques that can be\used
in.the anelyéis of cost and cost savings of energy brojects
and is an extension of the techniques presented in prev1ous
" mod S In Mqdule EE-01, "Fundamentals of Energy Cost
Analysis,'" a’distinction was made between one-time ‘costs -
and récurring costs. It was learned that one-time costs
involve one simple, direct payment, whereas recurring costs
can involve a.number of payments over a period of time.
Module -EE-02, "Financial Parameters of Energy Economics,™
introduced'techﬁiques which can be applied .to one-time costs. .
THe techniques presented iMthis module primarily apply.
to recurring costs’ and cost §av?\§g/gnd to dlfferent 51tua-
tions with regard to when and -how often costs-and cost sa¥- |
';ngs occur. With the skills that can be learned from thesé
% techniques, the energy specialist will be able to compute . |
the present value of coSts and cost savihgs, an important
éﬂﬁgasideratioh in energy prejects, The rélevance of the con- !
cept of present value is emphasized throughout the module.

-
2

L]

. PREREQUISITES |~

The student should have a gqod understanding of basic
algebraic functions and should ffave completed Modules EE-01
and EE-02. of Energy Beconpmics. = . | .

3
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OBJECTIVES _

Upon completion of this module, the student should be

~able to: ) N -
1. Define the followihg terms: )
> - a. Annuity’,.

b. Irregular flow of costs aﬁﬁ\cojg‘savingss

‘ 3
2. Given the proper information, comﬁute the following:

. a. The .sum of an annuity of any amount. ) |
b. The‘présent'value of an annuity of any amount.
c. ?he present value of an urrending annuity of.an? .
amount.
d. The present value of an irregular:flow of cost
savings. ' )
3. Extend the concept of present value to intludescost .
escalation. ) ’
4. Explain«the importance of preéentﬁ%alue in the evalua-

tioh)of the cost and cost saving@s of energy projects.
. § N .

- .
LI . ~

1 . . '
.
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J

_ COBT OF AN ANNUITY - C

SN .

AN

Most projects that the energy‘specia;ist will encounter
involVe a series of coLt savings,; as opposed to a one-time

amount as per the present value equation. For instance, a
microcomputer system that automatically adjusts thé ;empera-
tures of unoccupied areas of a‘building'in order to conserve
energy — and thereby reduce heating and cooling costs — will
not generate one-time savings but, rather, an annual stream
of savings over the life of the system. This fIdw of dollars
must be standardized, because savings will occur at differ-
ent times. If the system saves $4000 per year, then the ,
$4000 saved'the first year will be more valuable than. the
$40b0 saved the second\zfﬁfé the $4000 saved the second Yyear
will be more valuable-than the $4000 saved the third year;

and go on. The present valte of this flow of savings mus%
be“ealtulated so that it can be compared to the‘ééﬁtféf the b
microéompﬁter system. 4& S ;
Analysis of this nature makes use of the concept of an ., e

annuity. An annui is simply a pattern of cash filow that

[l

‘is equéi'inxeach year — every year the same dollar amount

is received or spent. First, the way in which an annuity” L
accumulates, or sums, to a future value will be copsidered}‘,
then, this analysis will be extended to develop a formula '

or the calculation of the™resent value of an annuity.
Y e § : ¥

' SUBJECT MATTER -
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ACCUMULATION OF AN ANNUITY

Consider a,company debating the purchase of ia micro-
computer system.. Th{¥>§ystem has an estimated life of 4
years, with cost savings of $4000-per year. Thus, the sav-
ings form a 4-yeat annuity of $4000. Suppose that these
savings are dep051ted ip‘a bank *account drawing an 8% rate
of interest per _year,/and that the total dollagﬂyéfie of the
‘account at the end ¢ff 4 years is to be catculated. The pro-
cedure for the acgdmulation of this annuity is as follows:

« At the end of the first~fea;, $4000 in cost ;savimgs—is = ——
deposited in the account. During therext yeér,‘this

- earns $4000.x 0.08 = $320. Thus, the account has ac-

" cumulated $4320. ot ' :

.+ At the end of the second yedr, the cost savings from
the second year are added to ghe account to bring the
total to $8320° This amouit  earns $8320 x 0.08 =

- $665.60 in interest the third year — which brings the
amount in the account to $8985.60. ‘

. At the end of the third year, tRe cost sav1ngs from

the third year are added to the account to bring the
total to,$12,985.60. This amount~earns $12,985.60 x
0.08 = $1038.85 1nterest during the fourth yeas. This
brings the total to $14,024.45. ° . .

« At the end of. the fourth year, the  savings m the,
fourth.year are added to bring the total to $18, 024. 45.
Since 4 years have elapsed ,this marks the end of the
annulty Thls flgure Ttotal) is the future value of (\“
‘the cost sav1ngs assoc1ated Wxgh‘the 1nsga11at10n of

the microcomputer system
. “a o v
Another way #&o view the compounding of this -annuity, is

--

to examine the number of years each amaunt of cost savirgs —
/ ' . . R .-.“’ v.:. \.l‘;‘

L )
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can earn interest. The cost savings of the first year can
draw interest for 3 years; those of the second year cah drhw

interest for 2 years; and so on. The sum of the annuity is

found by obtaining the compound sum of each payment. This
process is shown in Table 1. S,
. ‘ 4
e
L N
TABLE 1. SUM OF AN ANNUITY (§4000, 4 YEARS, 8%).
. 11 Appropriate_ | 1
Number of Future Value
End of Amount Years Interest Factor Future
Year Deposited } Compounded: (FVIF)#® Value
af: ¢
1 $4000 3 1.2597 . $5038. 80
2 $4000 2 1.1664 4665.60
’ 3 $4000 1 1.0800 4320.00
4 $4000 0 ° 1.000 4000.00
Amount "at the End of Year 4 ='$1§924.40
*The FVIF figures were obtained from Data Table 1.
SUM OF AN ANNUITY OF $1 FORMULA _ ,

v

.The special ca8e of an annuity of §1 w111 be con51dered
in order to generalize the precedlng process into a formulg..
This is the réceipt of $1 per year for a glven number of )
years (designated as n) with ap appllcable interest rate r.
o At the.end of the,frfgf year, the dollar deposited will earn
interest.for ‘(n-1) years and, at the end %f the se;dnq year,

ﬁilifearn interest for En-Z) years.

This .pattern continues

-
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N . W /
for every year up to the dollar deposited in the (n 1) year
(next-to-last year) — which will earn interest for 1 year.
The dollar.deposited at the end of theé;ast year ‘will earn
no interest since the.time period\is p

This process is .
shown in Table 2. .

.
PR
°

TABLE 2, NUMBER OF YEARS INTEREST EARNED BY EACH
PAYMENT IN AN ANNUITY.

-
[

Deposited End _Amouht Deposited |Years Interest’
of Year . in Account = | Earned
- + : N , 4«
1 $1 ' n-17%
2 $1- n-2
3 2 n-3
S e $1 n-4 _
. - ' B N
! “n-1 - $1
. o n ' ‘ $1 .
., {1 Note: ‘Periods indicate p0551b1e sequential
. :  missing numbers , ‘

“
.
- . 1y

The total amount in the bank account at the end of'n years

. “ B 4.
can be"calculated by determining the future of these amounts.
as follows:

i




L]

FVA, ($1) = Future Vélue of §1 n-1 periods later
+ Future value of $1 n-2 periods later
R . -
+ Future value of $1 one period later
+ $1. DR
*Note: The ellipsis above indicates m#ssing numbers.

P

. & - CoL
Whemever ... (the ellipsis) is used, it simply signifies
- that a series of numbérs or words is not being written. For’

instance, instead of writimg 1, 2, 3, 4, 5,6, 7, 8,79, 10,
it i§°much easier to write 1, 2, ..., 10 — with the under-
standing that adl of the missing numbers are included. In
the left-hand column ofyTable 2, the ... (fn a vertical line)
signifies all fhe numbers- between 4 and'n 1, whatever n-1
might be. " If n is 50, then n-1 is , and th .s:signifies
the numbers 5 through 49. 1In many cases, {i as the one }
above, this method is- more conveniert. Slmllarly, 1f the n

- a .o0n
~made possible because n 1s a va

where:

=

(in ‘Table 2) is 7 then n-1 is 6, and the e111p51s [pS1is (...)
The use of thlS technlque is
iab

simply signifies thecﬁumber
that,can take on many
.’ &
values.

Therefore, the following may be written:

- - ~

~

N a ‘ ‘ P .. -
. URVA($1) = (1 + S RS r)n 2 - T
L R (1+r)1+$1 Equation 1°
N - s a . - -

\
M ¢
£ . \

FVAn($1) Sum’ (or future value) of aL é

L)

T.= Interest rate.
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HXAMPLE A: FUTURE VALUE OF AN ANNUITY- OF $1.

. Given: . One dollar is deposited in a‘bénk account at
the end wf’ the year f%? 4 consecutive year;nhi
- The .interest rate 1is 4%. -

JFind: The futufe value of the annuity after 4 years.
Solution| .Use Equation 1 as follows: '
N o UEVAL($L) = (L +1)3 + (L +1)2 + (1+ 1)}t + 1 :

‘ o (1 + 0.04)3 + (1 + 0.04)2 ‘
T e (14 0.04)1 1 |

o

¥ = (1.04)3 + (1%04)2 + (1.04)% + 1°
= 1.125 + 1.081 + 1.04 + 1
. = §$4.246 ‘
" FVA,($1) = $4.25. n ‘ : .
b ; s , L ]
‘ Ny | y
. THE’ SUM {FungE VAEUE) OF AN ANNUITY OF $1 TABLE
e T s E S
4 Admittedfy, performing calculations of this nature
':’ cauld becémé very’ tedious. 'Fortuﬁhtely, a table -exists for
 finding the sum (future value) of an ahnui;y of $1 for dif~
' ferent interest rates and.time periods (see Table 3 for-an 4
R ' gxample). - The gteps in the use of Table 3 are as follows:

* -Find the column that corresponds to the appropriate
interest rate. . E -
 Find the row that corresponds to the number of time
periods in which-payments will be made. \
; Find the intersection of the row and "the ¢column and

. ' read\bhe entry. , This is the sum of an anmuitf of $} s
for the approprfate number of periods and interest rate.

®

o o .
| . ' 7
s ~
ﬁ?ge 8/EE-03, - ' _— .
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TABLE 3. SUM OF AN ANNUITY OF $1 PER TIME PERIOD.

. Numbet . .
of . ] Rate of Interest
Periaods - X
(Timék 1% 2% ) 35 4%
1 M 1.0000 1.0000 1.0000 ]| 1.0000
4 ’ »
2 2.0100- 2.0200 2.0300 .| 2.0400
% 3 3.0301 3.0604 3.0909 3.1216
- 4 4.0604 4.1216" 4.1836 |. 4.2465 i

~

For example, the sum of ansannuity of §1 per year for 4
years — when the interest rate is 4% — is obtained b; find-
ing the intersection of the 4%“column and the time rTow
labeled "4." This entry is $4.2465, which is the value
sought. A more éxtensive table that can bé used to find

" the future value of an annuity of $1 is located in theback
of this*module (Data Table 3).

SUM OF AN ANNUITY OF MORE THAN ‘$1 PER YEAR

-

What if the annuity is more than $f per year? Each
dollar in the annuity will have the same value as the sum
of an aﬁhuity'of $1 after the given number of time periods.
(whlch accumulates at the given 1nterest rate). Therefore,

-all that is required is to find the sum of the appropriate
$1 annuity, followﬁg by the multiplication of this number
by the original dollar value of the annuity. The result is
the sum of the annuity of the_given amount. For this reason,
the appropriate present value of an annuity of $1 figure is

- - EE-03/Page 9
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AT ’ ‘ . »
o often ¢alled the "Future Value Interest Factor of an Annuity.
This term is abbreviated FVIF,, where the subscript "a"
~indidates that an annuity — rather-than a single amount -

»  is involved. The equation for finding the future value of

an annuity ‘gregter than $1°'is as follows:

—_—
<L  FVAL($M) = $M x EVIF,(n-years, ) Equation 2

H

< .. FVAL($M) Fﬁtuné.value (sum)'of an annuity

- , of $M, which accumulates for n

. ':._ years at T.
s : - M
" FVIF,(n years, r) = Future value of 'an annufity pf $d,

4

1

Amount of the gnnuify.

‘ \which accumulates for n years at
M | : ' r.('fhis is also called the Future
Value Interest Factor of an Annuity. -
(This can be obtainea*from;Daté'
Table 3). ‘
n = Number of. years the annuity is re-
ceived.

. T = Interest rate.

. ' The process'of finding the appropriate FVIF, to compute the
sum of an annuity of more than $1'is demonstrated in Exam-

ple B. ‘ ] . . \ y




EXAMPLE B:

" 7 7 [] -
SUM OF AN ANNUITY OF MORE THAN $1 PER YEAﬁ"

Given:

1 Find:’

a

Solution:

. Each of the elevators in a building is equipped
‘ - although only 30 W are needed. The lights burn

_(d/yr). .The cost of electricity is $0.03 per

24 H X 365" 7T ="8760 7?.e1ectr1C1ty usage

with. 300 watts (W) of. fluorescent lighting, -

24 hours per day (24 h/d), ‘365 days per year
kilowatt hour (kWh) > and the interest rate‘is
8%. v °

The cost savings p\‘ year resulting from the
reductlon in watts in one elevator and the fu-
ture value of these cost savings after 4 years.
The 11ghts qurn 24 h/d and 365 d/hry therefore

h h

§760 %% x 270 W saved = 2,365,200

watthour {Wh)
yr )

And, sinee 1 kiWh = 1000 Wh, savings in electric-

ity = 2,365.2 kWh/yr.

Since the cost of electricity is $Q.03/kWh, the
cost savings per year are, given by the” follow- .

ing: o,

-
[ * 4

2,365.2 %%? x $0.03/kWh = $70.96 per year cost

savings. L
Thus, the sav1ngs assoc1ated~w1th this prOJect

form~an annulty of $70.96 per year Wlth an 8%

gs t rate the future value of this annulty
4 years is obtalned’is\follows (us;\g
¥quation 2): , .l J .. .




&

‘\
! e
-

Example B. Continued.,

- . ¢

. Q ry =
FVA,($70.96) = $70.96 x FVIF,(4 years, 8%)
2N = $70.96 x 4.5061 : v
- FVA,($70:96) = §319.75. ‘
. ( ¢

The value for FVIF,(4 years, 8%) was obtained
from Data Table 3-(back of module).

——

-

PRESENT VALUE OF AN ANNUITY'

-

Whereas, the idea of the sum of an annuity seldam is //\\V'

used in eneréy ﬁro{ect decisions directly:ﬁit is useful in
understanding one of the most important S%ncepts in .energy
economics < the idea of the present value- of an’ annuity.

As in the case of‘the/present value of a fixed amount being
the opposite of the future value of a fixed amount, so is
the presenf value of an annuity the opposite of the future
*value (sum) of an annuity. The present value of an annuity

is the dollar value that-ansbers this question: What fixed
amount tdaay will accumulate after the given number of yeafs
to exactly the same amount as the sum (future value) of the
annuity? oo

-

CALCULATION 6F THE PRESENT VALUE OF AN ANNUITY . Ct

-
° -

The present value of an annuity can beg calculated in
the following way: Each amount that is added to the annuity
" each year is,diséountéd back °to, the present.. These individ-
ual amounts should then be summed to obtain the total present
value of the annuity. At this poinf, Example C will'he help-
ful. * ) ’ . . )
Lo $- L

Page 12/EE-03 107 .

N




EXAMPLE 'C; THE PRESENT VALUE OF AN ANNUITY.

——— s v
Given: A plan to Treduce- the electricity cost.associated

‘ ,with lighting inwolves the -replacement of bulbs
of a certain wattage Wifh:ﬁu}bé'qf a lower wat-.
tage in eyery hallway of a~hote1. Thi; system
has an expected life of 8 years, and this pros
cess will. save $1300 per year for the 8-year
. period. The interest rate is 6%.
Find: The present value of the cost savings. /
Soﬁution: The cost savings form an annuity of §1300 per
yéar for 8‘years. The c@st saviﬁgs‘associated
with each year will he discounted individually

back to ‘the present, and the sum will be taken.

N

Each present value ‘calculation is identical to those
calculated in Module EE 02. This process is .shown in Table

1. (The PVIF f1gﬂ¥ § were obtained from Data Table'2.)
T
L}
. . <. .
- TABLE 4. THE PRESENT VALUE OF AN 8-YEAR ANNUITY OF
‘ ., $1300 WITH INTEREST RATE 6%.
° Year Cost Savings “PVIF | Present Value '
1 ; © $1300 0./9434. $1226.42 ' .
2 ] ., $1300 - 0.8900 | . $1157.00
~3 $1300 0.8396 $1091.48
4 $1300 0.7921 , | $1029.73
5 $1300 " 0.7473 . $ 971.49
6 $1300 0.7050 $ 916.50
.7 .$§1300 . 0.6651 $ 864.63
8 - $1300 0.6274 $.815.62
Present Value of Annuity = $8072.87

M I

i
A~ B 1 A ~ P

L]
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PRESENT VALUE OF AN ANNUITY QOF $1 ,
- Just as it’was in the case of the sum of an annuity, oo "
it would be useful .at this point to examine the special case
of an annuity of $1. This value can be calculated in a man-
ner simi&ar to ‘that used in Table 4, except that the amount
,* in question is §1 instead of $1300. In this qase the pres-
_ent value of the coat savings of each year is 'just the ap-
propriate entry from the Present Value of §1 Table (the

appropriate PVIF). Therefore, the present value of .an annu- ' .

L 4

1ty of $1 for n years — when the intergst rate is Jusfﬁthe
: sum of the present values of the cost savings for each year -
is as follows: f - ' ' :
. " 'S —~}
( ) e .o g / ! i)_

, PVA,($1) = PVIF (1 year, 1) + PVIF (2 years,.T)
" ‘ S + PVIF (n year$3 T) . Equation 3
“ .
. ».: ;.
where': ' : ? . )
. . 5PVAn($1) = Present"value of aniannpity of. §1 for n tiﬁe- *
L i g perlods ’ f Ce -
’ n =:'Number of tlm;_perlods the annuity 1s Te-
ceived. : e, -
. T = Interest’rate. ) ’Q J,. -~
PVIF = Pregent value interestgf ctdr(Cthe'present

value of $1) assoc1ated ith the given'in1
terest rate and year 1§ the future,

Note* that PVIF (1 year, r) is just theppresent value of $1
received after 1 year; the—PVIF (2 yeaﬂ? T) “is- the present .
value of §1 received afﬁ'§ 2 years, an& so on. If the present

\ .
\/ v -

Page 14/EE-03 S
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values of the cost sav1ngs of each year are ‘summed, the
, result is the present ‘value of the ahnulty

. N .
14 : . ' . ~

)l

.EXAMPLE D: PRESENT VALUE OF AN ANNUITY OF $1.

Given: One dollar per ;éér is to be rgceived at the .
' . end of the next 4 years. The interest‘rate )
is 6%. ) .
Find: The present ‘'value of. the annuity, usirdg Data
Table 2. ’

Solution: [Use Equation 3 as follows:

PVA.($1) = PVIE (L year, 63) + PVIF (2 years,
;o %) + PVIF (5 years, 6%) + PVIF
. (4 years, 6%) :. °
0.9434 + 0.8900 + 0.8396 + (. 7921 S
$3.4651. '

PVA, ($1)

te ‘ -
N » .

-

_THE PRESENT VALUE OF AN ANNUITY OF $1 TABLE -~ L=
r . v ;&" ' . -
The Present Value of an Annuity.of $i,Tab1e ﬁData Table |
4) is simply ‘a collection 0f the preceding Sums for'maqn
possible time periods and interest rates. The proceduré for,
N reading Data Table 4 is as follows*J

- Find the column "corresponding to the approprlate 1n~ N
terest rate. ) )

+ Find the row cerresponding to the appropriate number
of years. o ‘ o

- Find the:bqint where the row and column intersecr ande

read the entry. This is the present value figure.
; .

N EE-03/Page 15
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PRESENT VALUE OF ANNUITIES LARGER THAN $1 -

.

. . ’ ]
In an ghnuity larger.than §1, each dollar will accumu-

late exactly like the annuity of §1. Therefore, the method
of obtaining the present value of an-apnuity of more than
$1 is as follows:
; '+ Find the present value of an annuity of $1° that covers
* the same number of time periods and has the same in-
terest rate. . B ‘ ‘

7 Multiply this number by the amount of the larger annu-.

Clity. ' )
Because tﬁie procedure .can be used, the entry from thg:fres-.
ent Value of an Annqi;y of $§1 Table is often called the
Present Value Interest Factor of an Annuity. This term is
qbbreviated PVIF,, where the subscript "a'" means the number"

. - , applies to- an annuity‘rather thHan a fixed amount. The fol-
Lo : lowing equatlon cam be used to find the present value of an
annuity of an amount $M: . . \
Y .. < ‘ )
PVA,($M) = $M x PVIFafn years, 1) - Equation 4
- ’ - . ‘ ) ‘ \ "\
N . * .. —.- ) 2 . 0N
) . where: - : Co CTe < . :
' ' . . PVA, ($M) = Present value of an amfuity of $Wd£"
,‘?‘ \ that is received for n time perio R )}
- ' * $M = Amount of the annqlty (of each pay-
. .o ment) . . S
n = Numbér of time periods (years) the
N . ‘ / - annuity -accumulates. . «

¥ = Interest-rate.-

,
. S
. -
- ‘ ..
.
\ ’/‘/ . . .
. .
.
.
.
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Example E démonstrates how Equation 4 is’ used

PVIFa(n year, T)

= Approp%iate presentlvalae interest
. factor (obtained from Data fhble 4),
or the present value of an annuity
: of $1 ‘that accumulates for g ‘time
N ' periods when the interest rate is 'r

Jper time’ perlod

~ <

4
y S
3 i . - N

.

[

EXAMPLE E:

CALCULATION OF THE PRESENT VALUE OF AN ANVUITY

Given':

Find:,

Solution:

TABLE 5.

_Energy conservatlon measures whlch will result
in sav1ngs of $700 per year for & years. The

¢

“ ¢

interest rate-is 9%. '
The present value of the annuily formed‘by these
cost savings:: -, e )
First,.exahine the Present Value of an' Annuity
of $1 Table. (PaTt of Data Table 4 is‘fepre-
ducedthere for convenience as Iable's.):

THE PRESENT VALUE OF AN ANNUITY OF §1. .

——

Number
of

- Rate of Interest

« ‘Payment

.W

8%
\.—/""
3.3121

3.9927.
4.6229

9%
M-s—f'*
"3.2397 ]

3.8897
4.4859

5.0330

—— . . St s et st et

-




Example E. 'Cd%tinuéd o : . ’

e N ey

“, In thls case, the approprlate column is 9% and
. the appropriate rdw is for § years (time per;-
- ods) _The entry where the Tow and column in-
> 'tersect is 3. 88975 therefore, the present value
<. "-',of the annu;ty, formed by the cost savings ‘as-
‘ soc1ated with the conservatlon measure, tan be
calculated by using Equation 4 as follows;

. PVAs($700) .=$700 x PVIF, (S\years, 9%)
) = $700 x 3.8897 )
'PYAs($700) = §2722.79..

~ (The PVIF; figure, was obtained from Data Table
. 4.) . \ ’ ' .

ANALYSIS OF ENERGY PROJECTS, |
USING PRESENT VALUEZQF AN ANNUITY. -

In'general the energy specialist should employ these,
oncépts of energy econemics whén any course of actlon is
under con51deratlonewh1ch involves monetary costs andYor
costs savings. Once the casts and cost/saV1ngs (beneflté)
have beéen determined, they can be converted to, present value
and compared with one another to determlne if the project is
worthwhile —.that is, if the cost savings Qf the:proJect are
greater than its costs in present value terms. ,The follow-
.1ng example (Example f) is a detailed example of how;the
, precedlng techniques can be gmp loyed 1n the'analy51$ of an

energy project.’ ~ ' s
N ]

- . P IS
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EXAMPLE F: PRESENR VALUE OF ‘AN ANNUITY OF COST SAVINGS.

Given: A buil%ing occupies 5¥00 sqﬁgre feet (5.1 x 103 - \
' ft?) of floor space, and the number of degree-
days/yr is 2363. A 10° F reductlon in the tem-
peraturefﬁf the bu11d1ng at nlght during the
colder part of the year would save 20,000 Btus
per square feet (2 x 10* Btu/ft?) of floQr space
o ' per year. The heatimg system is fueled by natu-
“L‘ ral gas, and each cubic foot (ft?) of natural v c
gas has 1000 Btus of heat energy. -The price of
nétﬁral gas is $2.57 per thousand cubic feet » -
($é.57/M ft3). The heating,unit will .be opera-
tional fpr an additional 20 years, apd the in-
terest rate i 10%.
Find: " The cost savings per year associated w1th this
' conservatlon measure, and the present yalug of

LY
]

- *  the annuity of cost savings. x
‘|.Solution: 2 x 10" Btu/ft /yr _ 10.2 x 10’ Btu/yr tatal

x 5100 ft? heat savings.

. ) Since each cubic foot of natural gas'has 1000 )
} : c Btus 6f heat content; . {

.~

‘ 1002 x 107 Btu/yr _ 10.2 x 10* £t3/yr
. -+ 1000 Btu/ft? natural gas savings.

Natural gas cost is $2.57/M £t3 = $0.00257/ft’
v ‘7 10.2 x 10% £t3/yr x $0.00257/ft = $262.11

, savings per
year.

.

These yearly cost savings form a 20- year annuity !
‘of $262 11 per year.. ~ -

N . '\/ N
Therefore, Equatlon,isgin be used to calculate

. - . the present walue as follows:

Il e -— 7

. . ; . : ’ ‘ . ’ Tt o P N
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. Example F.  Continued. - ' . .

\

PVA2o($262.11)

$262.11 x PVIFa(ZQ years, 10%)

_ $262.11 x 8.5136
PVA2¢ ($262.11)

: a0~

Therefore, this technique of turning down the

ol

thermOstats by .10 degrees during the colder part
of the year'resulté in cost savings with a pres-.
ent value of $2231.50.7

i ‘ 4

-

PRESENT VALUE OF AN UNENDING ANNUITY OF COST SAVINGS
In many cases, the.cost savings generated by an energy
conservation project will be permanent. éf these savings

sort of "unending"
annuity. The present value of these cost savings is easy to

dre the same amount each year,.they form

calculateé by using ‘the following quation:

=
-

Mo :
?VAunending($M) = %7 Equation 5

&

\./ "'i'#»

where: \

PVA ($M) =. Present value of an annuity, of $M

unending
- per year for every year in the future.
. $M

T

Amount; of the annuity.

Relevant .percentage interest rate.

This technique can be ugeful in situations where'nothing—is

purchased but method of doing something is altered. It

is helpful t6 loo ’%_;hg\f;}lowing example (Exémple‘G)E

@

’ 3
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EXAMPLE G: PRESENT VALUE OF AN UNENDING ANNUITY.
Given:  As the light bulbs in the halls of an 0ffice
‘ building burn. out, they are to’'be replaced with
. lower wattage bulbs whlch will.continue to pro- .
vide sufficient 111um1nat10n This process will |/
' result in cost savings of $300 per year f%i each
subsequent year The interest rate is 7%.
. {Find: The present value ,of these cost sav1ngs.

Solution: These cost saviﬁgs form an unending annuity of
< $300 per year. Therefore, Equation 5 is-appli-

cables \\\/,/ :
- = gSOO s
. : ;§§unend1nc($°00) - 0.07 \ 4//
y ’ PVAunendlng($300) = $4285,71.

“

~
[ 4

The cak¥culation of the présent value of an unending annuity
is possible because the cost savings-have smaller present
values the farther éway ihftime they occur. At most interest
O rates (exqept‘very small ones) cost savings beyond 50 years
will have very smgll present values comﬁared to their orig-
‘inal value. The¢fefore, dependifg on the interest rate, all .
cost savingg‘t at occur Beyond some year in:the future have
present values that aFe almost zero and do not need_to be
considered. > \

EE-03/Page 21 -
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PRESENT VALUE OF AN IRREGULAR FLOW OF COST SAVINGS

©

- . . With an anuity, the same amount is received or spent
every year. Tn many cases, this situation is pot,real%stic
since costs are'constaptly changing. The energy specialist
must be able to ﬁeal with the sitﬁatiqnawﬁere the flow of
cost savings changes from one yeér to the next. This type

* of fluctuation,.called an irregular flow of cost savings,
is dealt with in the following manner:~ The present’ valjue

’ is calculated by taking the sum of’ the present valué&Jjﬁ

the savings assoc1ated with each year. This process is

demonstrated by BxampleI{“ ’ ‘ .

AY 0 /~
. ) - EXAMPLE H: PRESENT VALUE OF ‘AN IRREGULAR
] = FLOW COST SAVINGS.
Gid%f;_—- A retail store occupies 2.4 x 10* ft? of floor
space and is open,for business 3720 h/yr (12 h/d,

Moniday through Saturday). For liéhtiig, the

store has 375 fixtures having four 40-W bulbs.

‘ Each fixture measures 2 by 4 feet. Illumination’
is 100 footcandles. ) To reduce electricity costs,
the removal of two lamps from every otEEFTTIght
fixtyre~in the_store has been reqommended._ This

s change would reduce illumination to 82.5 foot-
candles; which would maintain adequate illumina-
‘tion for store operatlon The cost of electric-
1ty will be 3.4 cents per kWh for "the next 5

. years, at which tlme it will increase to 4 cents

per th. The relevant 1nterest ‘rate 'is 10%.—

e et s’ e o

P

~
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Example H.-

S

Continued. ..

Find:

Solution:

+

L

The annual cost savings associated with-this
project, and the present value of these savings
over the next 10 'years. .

» 375 _ Number of fixtures

7 772~ 7 .where change is made.
40 W per lamp x 2
lamps chad@ed per
fixture

80 W saved per‘fixture
wheTe change is made. .

¢

Therefore,

Wattps Conserved 2%5 fixtures x 80 W/fixture

15,000 W.

 adl
Since 1000 W =

expresséd as' follows:
. : . :

1 kW, the sa%ings can also be

1550007 _ -,
| fT%Uﬁ_ 15 kw. - . .
Now, since the store is open 3720 h/yr, the
amount of energy saved per year is given by the

*following:
15 kil x 3720 h = 55,800 kWh.

Tha cost savings for each.of the first 5 years

<
~”

are given as follows:
‘ ~

-ss;soo\%¥?‘= $0.034/kWh = $1897.20/yT.

Aftér the fifth year,-when the price of elec-
tricity- will increase, the annual cost savings
- will be as follows:

55,800 kWh x $0,04/kWh = $2322/yr.

EE-03/Page 23
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Examplglﬁ.

Continued.

-
4.

r

VK
So, the savings of the project form.an annuity

of $1897.20/yr for 5 years, followed by another
5- -year annuity of $2322/yr The present value .
of these cost siv1ngs.may be determined by find-

°'-1ng the present k{}ue of the cost savings asso-

c1a£ed with each year (a series of fixed amounts)
and then taking .their sum. This process is shown
in.Table 6.

[ . s

TABLE 6. PRESENT VALUE OF AN IRREGULAR
FLOW OF COST SAVINGS.

Cost - PVIF Present.

=

Savings |(Data Table 2) Value

1$1897. 20
1897.20
1897.20
1897. 20
1897.20

12322.00
2322.00

2322400

*2322.00
2322.00

=

.9091 $1724.74
.8264 . 1567.851 |
.7513 . 1425.37
.6830 1295.79
.6209 1177.97
.5645 | 1310.77 |
.5132 | 1191.65 -
. 4665 | 1083.21
4241, 984.76
.3855 b 895.13

.

¥

O W oo u D LN
c 0o 0o o0 o o o o

Total Present Value _
of Cost Savings $12657.24

&
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COST ESCALATION AND PRESENT VALUE

The most likely instance of an irreguiar flew of cost
savings is when energy costs increase, resultlng in a greater -
'potential cost savings each year. 1In this situation the
cost savlngs of -each year in the future are computed, using
. the cost escalatlon method presented in Module EE-02Z, ' "Finan-
cial Parameters of Energy Economics." Then the present value
of each year's cost saV1ngs are added toggther (in the same

manner they were added in Example H of this module). The
foilowing example (Example I) should make this procedute

-~ edsier to understand:
’ T ' !
) :
oy \. i .
EXAMPLE Ix - COST ESCALATION AND PRESENT VALUE.
— . R iR
Given: . . Energy conservation measures Wwill result in ,
1\ L ~sayihgs'of'3.6 x 10%® ft® of natural gas per year

¥ for 4/years The price, of(natural gas is now_

$2.50/M ft? and is expected to rise at a rate of
6% per year for the next 4 years. The interest

¥ v ) rate is 12° \
Find: . The cost sav1ngs aSSOC1ated with each of the
) . Co next 4-years and. the total present value of the
savings. . T -
Solutiof: Cost of natdrai. _ Cest of . FVIF (1 year, 6%)
¢ ° as after 1 vear - natural = (obtained from .
¢ $ : =Y . gas now Data Table 1)
. e = $2.50 x 1.0600 .
S s . = $2.65/M $t? ,
) . Cost savings - _ 3 8 .3
\ f/ S of Firet year $2.65/M £t® x 3.6 x 10° ft
) ., = §$954,
— L .
\ £

: . EE-03/Page’ 25
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Eiample I. 'Continued.v

Cost of naturéﬁ
gas affer : $2.50 x 1.1236

2 years . = §2.81/M f£t3.

Cost savings T3 . ,
of segond year $2.81/M ft° x 3.6 x 10° ft
- $1011.60.

Cost of natural ’
gas after $2.50 x '1.1910

3 years §2.98/M ft3.

Cost savinés . 3 3
" of third year $2.98/M ft° x 360 M ft
$1072.80.

Cost of natural )
gas after $2.50 x 1.2625

*

4 years $3.16/M £t3.

Cost savings  _ 3 ,
yf fourth year $3.16/Maft x 360 M ft

= $§1137.60. ! S

The present value of the cost savings of each

year is calculated and summed in Table 7.
. :

-
e

.
U .

TABLE 7. PRESENT VALUE QF COST SAVINGS.

.Y

4 Cost - PVIF . _ Present Value
Savings . (Data Table 2)- of Savings

§ 954.00 0.8929 . § 851.83, 7 .
1011.60 0.7972 ., 806.45
1072.80 | 0.7118 763.62
1137.60 0.6355 722,94 "

—

Total Present Value of the
Cost Savings. of the 4 Years*

= $3144.84 -
L -

-




CONCLUSION |
The purpose of the- techniques preéented in this module

is to.give pie student the ability to assess accur&tely the -~

costs and cost savings associated witlt proposed energy pre-

jects. These'techniqueseand their underlying principles are

central to the types of analyses the energy specialist must

perform. - \
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EXERCISES

ANNUAL HEAT LOSS, MBtu/ YR

AR

In a plant where the value of steam 15 $1.20 per million
Btus, a leak estimated to be one- elghth of an inch in

d1ameter was found in a steam. tracing ﬁlne operatlng at

100~ p51g

[

4000

3000

2000 F

(i‘lOOO

»

L——-’

C

-‘_-’/;

0.025 0.05 *
. - - \
HOLE SIZE, (IN). =« ’
v o - ',‘,
Flgure 1. Heat Loss from Steam Leaks.|

k.

Determine, the annual saV1ngs aSSOC1ated

repalr,of the 1eak

R

-

r

I

|
H
1

\

i
4
!

¢

The steam less was at an annpal rate of 540
million Btus (Flgure 1)

with the

-

Assumlng a 15- year llfe of reﬁair and an 1nterest
rate of‘%/, what is the present value of the sav-
ings a\soc1ated with the repair of the steam-leak?
The potentlal for sav1ng energy %eregulariy monltorlng
boiler eff1c1ency is.'illustrated by thé detection  of a

’_‘&eterlorat_awbaffle in the b011er which haa an estimated

repair cost of $1500 but_-wasted fuel costlgg $40.50/d.

w
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‘This maﬁufacturiné ptant had‘oil-burning boilers pro- '
ducing approx1mately 190,000 pounds of- steam per hour ‘
The bollers were modern and were equipped with I
wide-range, flow-metering, combuSthn control. The
total systems were cafefully set up; “~the combustion ’ ‘
was tested by the manufacturer s representatlves and : I
the installed boiler efflclency wasvdetermlned l .
A routine was set up to ‘take 1ntegrated steam- I
flow and oil-flow readdngs and to compute the b011er
: - eff1c1enc1es each day. zﬁvrunnlng chartrof the dally l
efficiencies was made so that perfofmance cou1d be | 4;
compared, at a glance, with the or1g1nal efficiency._, . I
This procedure worked well for several years, with |
gradual degradatlon show1ng ‘the need‘for perlgdlcally o . I
calling in the control manufacturer s service englneer )
"for a combustion control tune-up. ' cL -
e During one period;. The eff1c1ency of one of the I
-boilers, which generated=60 000 1b of steam per. hour
y began to decrease rapidly, dropping about 2% over a l
, . 2-week period. An ana1y51s of other readings showed® "\
. that the ayerage flte- gas temperature~for that bdMier I
had deterlorated causing the,ﬁlgh Tlue gas temperatu%e .
and the resulting lower eff1c1ency - . Cal e _I
]

Y

-~

This' boiler had a total dally steam flow of
1,440,000 1b, and each pound of steam absorbed 980 Btus \
of heat in the b011er. The total da11y 0il flow to N
this boiler was 12,700 gallons_of§011, wrth a heating -
value of 139,300 Btu/gal.  Thus, the bofier.efficiehcy
can be expressed as, follows: | '

> ‘ g ', -,

t

\
»

L

.

.
¢ ~ SN
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K Efficiency, % : )
' o ‘\\_ heat absorbed fiib%
heat 1input N

v __ 1,440,000 1b steam/d x 980 Btu/1lb X 100,
.V 12 700 gal o1l x 139 SOG'Btu/gal
! 179.8%. Do : il

\ : '

Rate of heat 1dss at a decrease of 2% in efficiency -

* yas- as follows:

) " Heat input at 79.8% efficiency ) -
: ’ .= 12, 700 gal/d } 139,300 Btu/gal
1769 VBtu/d ) -

Heat -input at 77.8% eff1c1ency . /

_ 1,440,000 1b/d x 98b Btu-1 1b
. 0.778 .

\ 1814 MBtu/d.

L= ~Heat'loss e

45/MBtu/da

. \ V'
At a fuel cgét of $0:90/MBtu, the-loss is as follows:

Cost of loss =~ . SR
45 MBtu/d X $0n90/MBtu >
$40'.50/day. v, ’

L)

.

¥ <«

Estimated repair cost for/bif{if ="$1500. ' :
. SUGGESTED ACTION ’

Establlsh a program to monltor bOLI/r efﬁlcﬂency

2 _ SOURCE: An equlpﬁpnt manufacturer.’

N . . .
. - R -
. ¢+ . -
i -~ l . .
£
. '

.. gytool to control energy waste. * - o
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v

- Assume that the boiler is in-operation 365'§7yru

-
s

and that the life of the repair is 1 year. The
intgresf rate is "10%. Should the Tepair be done?
Suppose that the cost of fuel is escalating'at

1% per month. BCalculate the presenf value of the
cost savings. from 1 &éar of operatfon.- ,
If the minimum Tife of the repair is 2 years, ~
what is the maximum £ﬁount{the'manufacturing plant
should be willing to pay for repairing the baffle?

)
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L o M nat
¢ . . i . . .
P 1% 2% 3% 4% 5% 5% 7% % 2% 10%  12% 4% 15%  16% 1%  20% 4% 2% 2% % .
\\r‘omo 10200 10300 10200 10506 10600 10700 10800 10900 11000 11200 11400 11500 11600 11800 1.2000 1.2400 12800 13200 1.3600
2 10201° 10404 10609 10816 11025 11236 11449 11664 11881 1.2100 12544 12996 13225 13456 1.3924 14400 16376 16384 17424 18496 s
3 10303 10612 10327 11243 11576 11930 12250 12597 12950 13310 14043 14815 15200 15603 16430 17280 19066 20972 23000 23155 1
4 0406 10824- 11255 11699 12155 12625 13108 13605 14116 14641 15735 16830 17450 18108 19388 20736 23642 2 30360 3a10
5 0510 11041 11533 12167 12763 13382 14026 * 14693 15386 16105 17623 19254 20114 21003 22676 24883 28316 3436 ,4.0075 46526
6 10615 11262 1184, 1.2653 13400 12185 15007 15869 16771 17716 19738 21850 23131 24364 2699% 29860 36352 43 62899 63275
? 10721- 11487 12299 13159 14071 15036 16058 17138 18280 18487 2:2107 25023 26600 28262 31855 35832 45077 56295 6 86054
8 10820 11717 12668 13886 14775 15938 17162 18509 19926 21436 24760 2.8526 30590 32784 37589 42998 66895 7. 82170 11703
9 10937 11951 13048 14233, 15613 18895 18385 199% 21719 23579 27731 32519 35179 38030 44355 51598 68310 92234 - 16916 o
10 11046 12190 13439 13802 1/6289 17908 19672 21589 23674 28937 31058 3702 40458 4414 S 23387 619177 86944 N o 16059 24646
‘" : £ .
1] 11167 F12434 13822 15395 17103 18983 21049 23316 25804 28531 34785 42262 46524 511723 61759 74300 10 657 15111 21198 29439
12 11268 12682 14258 16030 17959 20122 2257 25182 2 8127 31304 8960 48179 53502 59360 72876 69161 13213 19342 27982 40037, |
3 .11381 12936 14685 16651 Y8856 21320 24088 27196 30658 34523 43635 54924 61528 68858 8599 1069 16386 24756 36937 64 451
14 11495 13195 15126 37317° 19799 22609 25785 29372 33417 37975 71 62613 70757 79875 10147 12839 20319 31691 48765 74053
15 Y1610 - 13458 15580 48009 20789 23966 27590 31722 36426 41772 64736 71379 813N 92655 N 973 15407 2195 406564 '64358 10071
16° 11726 13728 16047 18730 21829 25404 29522 34259 39703 45950 61301 81372 93526 10748 14129 18468-\31 242 51,923 84953 13696
17 11643 14002 16528 19479 22920 26928 31588 37000. 432 0545 68660 92765 10761 12467 16672 22166 38740 66461 11213 18627
T8 11961 14282 17024 20258 24066 28543 33799 3990 4NN S 10476 12376 14462 19673 26623 48038 85070 14802 25333
. 15 12081 14568 ~17535 21068 26270 30256 36165 43157 51417 61159.B6128 12055 14231 16776 23214 31948 9567 10889 19539 34453
20 12202 14859 18061 21911 26533 32071 38697 46610 56044 67275 96463 13743 16366 19460 27393 3833 73884 1393 2609 4easy’
L4
21 12324 16157 18603 22788 27860 33996 41406 50338 61088 74002 10803 15667 19821 22674 32323 46005 91591 17840 34044 63726
22° 12447 15360 19161 23693 29253 36035 44304 54365 66586° 81403 12100 1?7 861 21644 26186 38142 55206 11357 22835 44939 86667
23 12572 15769 19736 24647 30715 38197 47405 58715 72579 89543 13552 20361 24891 30376 45007 66247 140 83 29230 59319 11786 ‘
24 12697 16084 20328 25633 32251 40189 50724 63412 79111 98497 18176 23212 28625 35236, 53108 79496 17463 37414 78302 16029
26 12822 16406 20938 26658 33864 42939 54274 68485 86251 10834 177000 ° 26461 32918 40874 62668 9539 21654 47690 10335 21800
; : ~ . ‘ ~ ’
26 12953 16734 71566"2772‘5 355577, 45494 58074 73964 93932 M018 19040 30166 376856 47414 73948 11447 26851 61299 1!!543 20649
27 T 13082 17069 22213 28834 37335 48223 62139 78881 00245 13110 21324 ,34389 43635 65000 87259 13737 33285 78463 10009 40322
38 13212 17410 22878 29987 39201 51117 66488 B62M 11167 14421 23883 39204 50065 63600 10296 foaga 41286 10043 23772 54838
‘29 13345 17758 23566 31187 416 54184 71143 93173 12172 15863 26749 44693 57675 74008 12150 19781 51195 212855 31379 74580 .
.30 13478 1Bna 24273 32434 43219 '57435 76123 10062 13267 17,449 29959 50850 66211 85849 1433 237 37 63481 16455 41420 10143
. Lo L. \
40 14889~ 22080 32520 48010 70400 102685 %4974 21724 31409’ 45259 93050 18868 26786 37872 75037 14697 54659 19426 66520 <) \
50 16446 26916 43839 71067 14467 19420 29457 -4690% 74357 11739 28800 70023 10836 16707 39273 91004 46890 . . .
“ 60 18167 32810 58916 10519 18679 32987 53946 10125 17603 30446 89758 25959 23339 73701 20555 56347 . o .
- L ) - . . . v s K "fVIF > 99,999 .
. =, .
i i
1 N . ’
1 ¢
. . - . . . 'T &
T ' . ) = - . \
. \ ' \.
> - . !
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Aruitoxt provided by Eic:
N

DATA TABLE 2. PRESENT VALUE OF

(/. -
’ -
v

5

1

.

$1 (}’VI F).

3 L -
: E |
- ." .
Period 1% 2% 3% 4% 5% 6% 7% 8% 9% 0% 12% 4% 15% 16% -18% 20% 24% 28% 2% , 36%
.1 9901 9804 9709 9615 .9524 .9434 9346 9259 9174 9091 8929 .B772 .8696 .8621 8475 6333 .B0GS 7813.° 7576 7353
2 ‘9803 9612 .5426 9246, .9070- 8900 8734 8573 .B417 8264 .7972 7695 7561 7432 7162 6344 6504 6104 5739 5407
3 9706 8423 9151 B£890 .8638 .8396 8163 .793¢ 7722 7513 7118 6750 6575 .6407 6086, 5787 5246 4768 4348 3975
‘4 .9610..9238 S .8885 8548 .8227 .7921 7629 7350 7084 6830 .6355 .5921 578 5523 5158 4823 4230 3725 3294 2923
5 9515 '9057 8626 6219 7835 7473 7130 6806 6499 6209 5674 5184 4972 4761 431 4019 ;41/3 "2910, 2495 2149
v . .
6 .9420 8880 .8375 .7903 7462 7050 6663 6302 5963 5645 5066 4556 4323 4104 3704 3349 .275% 2274 1890 .1580
7 9327 8706 8131 7599 7107 6651 6227 5835 5470 5132 4523 3996 3759 3538 3139 2791 2218 1776 1432 11€2
8 9235 .§535 .7894 .7307 6768 .6274 5820 5403 #5019 4665 .4039 .3506 3269 3050 .2660 .2326' 1789 1388 *1085 .0854 -
9 9143- .8368 .7664 7026 .6446 .5919 5439 5002 4604 4241 3606 .3075 .2843 .2630 .2255 1938 .1443 .1084' 0822 .0628
10 9053, 8203 7441 6756 6133 5584 5083 4632 4224 3855 3220 2697 ~2472 2267 .1919 1615 1164 0847 0623 .0462
. . R ] -
11 8963 8043 7224 6496 .5847 5268 4751 4289 3875 .3505° 2875 ' 2366 .2149 1954 1619 1346 0938 0862 0472 0340
12 8874 7885 .7014 6246 5568 4970 4440 3971 .3555° 3186 2567 2076 1869 1685 .13 <1122 0757 .0517 .0357 (0250
13 8787 7730 6810 6006 .5303 4688 4150 3677 3262 .2897 2292 1821 1625 1452 1163--.0935 0610 0404 .0271 0184
14 8700 7579 .6611 5775 5051 4423 3878 3405 2992 2633 2046 1597 1413 1252 0985 0779 0492 .0316 .0205 .0135
15 8613 7430 6418 5553 4810 4173 3624 3152 2745 2384 1827 1401 1229 1079 .0835-.0649 .0397 + 0247 .0155 .0098
‘\ . .

16 8528 .7284 .6232_ 5339 4581 .3936 3387 .2919 2519 2176 1631 1229 1069 0930 0708 ..osaf. 0320, 0193 0118 0073
17 8444 7142 6050 .5134 4363 .3714 3166 .2703 2311 1978 1456 1078 0929° 0802 0600 0451 .0258 .0150 .0089 .0054
18 8360 7002 5874 4936 .4156 .3503 2959 .2502 2120 1799 1300 0946 .0808 .0691 0508 0376 .0208 .0118 0068 .0039
19 (8277 6864 5703 4746 3957 3305 2765 2317 1945 1635 .1161 0829 .0703 0596 0431 0313 0168 0082 0051 .0029
20 8195 6730 5537 4564 .3769 .3118 .2584 2145 1784 1486 1037 0728 0611 0514 0365 0261 0135 0072 .0039 .002
26 7798 6095 4776 .3751 =2953 .2330 1842 1460 1160 0923 0588 .0378 - .0304 0245 .0160 0105 .0046 0021 0010 0005
30 7419 5521 4120 3083 2314 1741 1314 0994 0754 0573 0334 .0i9% 0151 0116 0070 0042 0016 0006 0002 .0001
40 6717 4520 3066 2083 1420 0972 0668 0460 0318 0221 0107 0053 0037 0026 0013 0007 0002 ..0001  ° .
50 :6080 .3715 .2281 .1407 .0872 0543 0339 0213 0134 0085 0035 -0014 0009 0006 0003 0001  ° . . .
60 ;.5504 3048 .1697 .0951 0535 0303 0173 0099 0057 0033 0011 .0004 0002 0001  ° . . . . .

. . . *The 1act1of 13 2610 10 four decwnal places.
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Aruitoxt provided by Eic:
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DATA TABLE 3. FUTURE VALUE OF AN ANNUITY OF $1 (FVIF),
i » a

Number . .

Periods 1% 2% 3% 4% K 6% 7% 8% 3% 0% Q% W% 5% 8% 8% 0% 4% 2% 2% 8%
"1, 10000 100007 10000 10000 10000 1000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 . 10000, 10000 10000 10000
2 2010 20200 2030 20400 20500 20600 20700 20800 20900 21000 21200 21400 21500 21500 21800 22000 22400 22300 23200 2308

N 01 30604 30909 31216 31525 316 3249 32484 32781 300 34 346 34725 15058 15724 16400 37778 39164 40004 4o
§ 30604 41216 41336 42065 42101 4346 44339 45061 45731 48410 47793 4921 V9! 50665 52154 53680 56342 80158 6 ok & oger
5 31010 52040 53091 54183 55256 SEINN 57507 586660547 61051 6B 66101 6724 BT 71542 74416 50434 86930 93963 19 as
3 5190 83061 84634 66330 68019 G97SI 1S3 TS 7S 7N1S6 BiIS2 B5IS 87 895 94420 99299 10980 12135 13405 14758
o Jl3% T4M3 76625 780 81420 8390 86500 8528 9200 94872 10089 10730 11068 11413 12141 12915 14615 1653 18698 2,196
8 9285 85330 98920 92142 95491 98975 10259 10636 11028 11435 12299 1322 13726 14260 15327- 16499 19122 22163 25678 297
o %es 97548 10159 10582 11028 11491 11978 12487 13021 13579 1475 16085 18785 17518 19085 20798 24712 2999 seges o1
10 10482 10949 11463, 12006 12577 13160 13816 14488 15192 15937 17546 19337 20303 2131 73521 25958 1643 39897 o7 eey 57351
W 11568 12168 12807 13438 14208 14971 15780 16845 17560 18531 20856 23088 24349 25732 28755 32150 40237 50398 63121 78998
2. 12682 13412 14192 15025 15917 16669 17888 18977 20140 21384 24133 27270 29001 30850 24937 ° 39880 50834 65510 84320 10843
1 1359 14G0 15617 16626 17713 1868 20140 21495 22953 24522 2029 3208 34351 J6TBE 42218 48498 §4109 465y 11230 14847
1§ Jesa 15973 17088 18291 19598 21015 22550 24214 26019 27975 22392 WSAI 40506 M2 50818 59195 0438 1090) 1673 s0n ey
'8 180% U0 1858 20000 N8B 20206 25129 27152 29360 72 37219 3842 4750051659 60965 72035 10081 14130 19739 yesy
o T 18639 20155 21824 2065 25672 27888 034 W) IMI 4275 0N 5717 G095 72939 W42 12601 18166 26235 3779
18 ok 0012 21761 23697 25840 28212 30840 IO 69N 4054 4gRA 59117 65075 71673 87088 10593 15725 23378 34750 Srece

T8 198U Z1412 23414 25845 28132 0305 1090 7450 4130} 45599 S5749 68394 15008 64 4 o 12811 19599 30025 45944 70093
o 0810 22840 25116 27671 30539 W70 7379 41448 46018 51159 G349 78969 8211 99K03 12341 15474 24403 BT 60747 954 23
0 RO 279 26810 29778 065 BB 40995 45782 51160 S7275 7202 91024 10248 1157 14662 19668 360 43421 80263 2060

» . . - . -
gy DB 8T 267 90 5719 39992 44865 50422 S67B4 64002 61696 10476 11881 13484 17402 22502 37748 BN 10607 17673
22 24471 27299 30538 34248 38505 43392 29005 55456 2873 71402 32502 120435 13763 15741 20634 27103 46905 81199 14012 24046
2 B8 28BIS 22452 36617 41430 46995 3436 60893 9531 79543 10460 13829 15927 18160 24448 2262 59262 10403 18608 3099
24 26973 30421 234426 39082 44502 508\ 53176 68.784 76783 88497 11815 15865 18416 21397 28949 39248 72348 13326 24238 44499
B B 200 36459 41845 47727 54864 63249 TIN5 84700 B8] 1 19187 21279 24921 34260 47198 9803 17068 298 60529
2 2055 39610 38863 4311 51113 59158 63678 19954 93320 10918 15030 20833 24571 29008 40527 6737 11148 21857 42604 82330
2 0520 3534 40709 47084 54669 63705 74483 €7350 10272 12109 18937 23843 28956 2750 47922 69185 13831 21987 36247 11197
B 3133 27051 42300 49967 8402 63528 $0697 95330 11298 13420 19069 27288 32710 39250 56848 81922 11160 36333 74256 152303

« B 40 38792 45218 52968 62022 73639 97346 10396 12413 14863 21453 31209 7716 45630 66944 98408 21209 45876 ~98029 2014 1
%0 347 40568 47575 4004 65438 79058 4460 11328 13630 16449 24123 35678 43474 3031 79094 11818 26408 53732 12940 201722 -
9 48835 60402 75401 95035 12079 15478 19963 25005 0768 44259 76703 13420 17790 2307 a102 dave 2w eam o .
50 84363 34579 11279 15266 20934 19033 40652 57376 81508 11639 24000 49945 72177 10435 21817, 45437 ) . .
B 81689 11405 16305 20799 35358 53312 81352 12532 19447 30048 74718 18535 29219 46057 ¢ ) . CoL .

’ i *FVIFA > 93,999
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e ) DATA TABLE 4. PRESENT VALUE OF AN ANNUITY OF §1 (PVIFa), >
~ - )
- .
m \
S 7\‘ . T - ) o
L Number of
payments 1% 2% 3% 4% $% (13 % % % 10%  12% W% 1% 18%  18%  20% 24% 28% ;2%
1 09901 06804 09703 09615 09524 08434 09346 09259 09174 (909 08929 08772 08696 08621 08475 08333 08065 07813 07576 A
\ 2 19706 18416 19135 18861 18554 18334 18080 17833 17591 17356 16901 16467 16257 16062 1.5656 16278 145687 13916 1.INS -
3 29410 28839 28286 27751 27232 26730 26243 257 25313 24869 24018 23216 22632 2.2459 21743 21065 19813 18684 17663
4 39020 38077 3NN °36299 35460 34651 33872 3N 32367 31695 30273 29137 28550 27982 26901 25887 24043 22410 20957
: & 485 435 4579) 44518 43295 42124 41002 399277 38897 37908 36048 34331 33522 32743 31272 29906 27454\25320 2,3452 .
6 5795 56014 Qsm% 5242t 50757 49173 47685 46229 “44859 43553 41114 38887 37645 36847 34976 33266 30205 27594 2.6342
? 67282 64720 62303 60021 57864 55824 53893 62064 50330 48684 45838 42833 41604 40386 38115 6046 32423 29370 2675 P .
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GLOSSARY

1 4 ! <

Annuity: The recurring receipt or expenditure of a constant
ollar amount over several consecutive time periods.

Compound sum: The future value a dollar amount will grow to
' if invested now-at a specified interest rate.

-’
Id

Cost savings: A decrease in future operating costs result-
Ing from a specific action taken now. .

" Future value interest factor of an annuity: A number that
o yields the future amount an annuity will grow to/i?-_J \
invested at a specified rate. o

Irregular flow of cost savings:® A change in.the flow of
cost savings from one year.to the next. ’

. \ \
Present value of an annuity: The discounted value of a con-
stant stream of funds at a specified interest rate.

unlimited life.

Unending annuity: A const@:i\stream_of funds <that has an

»

C

1

&

EE-03/Page 39




° CONSERVATION AND USE f ’
( EE-04 * .
ECONOMICS OF ENERGY ALTERNATIVES ] ‘j
L ) L @
i TEGHNICAL EDUGATION RESEARCH GENTER - SOUTHWEST =l |
" 4800. LAKEWOOD DRIVE, SUIJE,S a

WACO. TEXAS 76710



INTRODUCTION

¢ - ' IS

In many cases, money must bé spent to 1mp1ement/or con-
tinue an energy conservation program but&aﬁgﬁexact amount
of money -required <an vary,‘dependlng.on the,-size of the pro-
ject and ‘other factorsi For instance, buying and installing
insulation in a large home wotld be a‘ﬁoTeAc§§t1y<pngect ’

than repairing several small leaks in a natural gas line.

Since energy- (fuels) casts money, anything that saves
energy saves money.. The more _money an energy conservation
p;oject Eosts, .the more money it must save and, therefore,.
the morq]energy it must save. The  important consideration
concerning -any, enérgy conservation project is how its cost
savings compare with its costs, in present-value terms? An

"energy specialist, therefqre, must be able to determine accu-
ratelyy the cost of an enerfgy 5roject and -the cost savings it
will genergte, and then convert these figure5°to pre§ent
value. By now, the student should be familiar with the cal-
culation of present value wheh costs and ?ost savings are
given. J‘ a ’ ’

This module explains several concepts, téchniques! and
factors which can be helpful jin the accurdte determination
of costs-and cost savings. Pié;ent-vé{ue tec@niques are only
as good as the cost estimates on which they are based; there-

-

fore, the.energy specialist must be concerned with the accu-
C of cost and cost-savings.figures. ! -

rac
In this module, the student is introduced 'to several
factors that can affect the actual level of the costs and
cost savings of enérgy projec%s. Often the dctual level is
not what it initally appears to be. The.process af bogrowing
money to finange an energy project is aiscuésed ‘and the im-
pact on costs is demonstrated. Taxes and their effect on
costs and cost savings are exylored. Flnally, the conggpt of

»
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‘life-cycle costing dis presented. "In all cases, the student

—

is introduced to technidues that adjust for these factors in

cost and cost-saving determinations.

-

—d

PREREQUISITES
’ 1

The student should have a good understandlng of basic
algebralc functlons and should have completed Modules EE-02Z,

| and EE 03 of Ene_gy Economics. ;{ . . -\
oBECTVES (. ,
- — ? T = ‘

Upon completion of this module, -the student éhould be.
able to: L S ‘ ~
‘1. Deflne ‘the follow1ng terms“ TR " ‘

Investment. . v

Lﬁ Down payment. . T .
Installments. _
OQutstanding balance. - . N
Tax deduction. ’

. Mapgfhal tax rate.

-

Tax credit.

o al v < T o S ¢ T & VR @ T © S

. L1¥e of investment — costing period.’
i. Engineering, design, and development c sts.
j. Product costs. N A
k. ’Operating cost
1. Life-cycle cost. \
2., Given the appropriate information, cempute ‘the follow1ng6
a. The dollar effect of a tax deduction. .

b. The dollar effect of a tax credit.

——
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- >
3. E&plgiﬁ the effect of tax deduct{Qns and.credits on
the folkowing: ' -
a. Costs. - - S ‘
'b.  Cost savings. i N
4. ‘Determine how much of an instaliment payment aﬁplies
.to each of the following: - oy ..
a. Interést. . L "
ﬂ b.  Reduction of principal. N J
5. Classify the costs of an energy project into the
5 éppropfiate life-cycle costing categories, and gée o
.; the information to calculate the total. cost .of owning
and operating an object or system. . - ¥
6. Anai&ze the way in which the costs .of an energy project
" relate to the cost savings it generates in present-value
terms. .
7. *D%agribe thg use of marginal éna}ysié in the evalgatiqn

-

of energy projects..

s .
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'SUBJECT MATTER

U .
FINANCES OF AN INVESTMENT

Whenever money is spent by an individual or by an orga-
nization 9n a pro;ect (systemn) or a product with the purpose

~ of reducing costs oT otherwise making money, the obJect of’

- that expendlture is -ealled ‘an investment. ‘The process of
purchaslng and 1nstalllng the system oOT product is called’
mak1ng an 1nvestment The size of the investment — ‘the _
amount -of. money spent —.varies w1dely) depend1ng on the na-
ture of the particular project. When the investment is 1ér§§,
often the‘person or'bus;ness will borrow the money that is
needed because there is not enough-''idle cash'" (money in the
bank,that is ngt being used for anything else) available to
puréhzse the deSired'equipment or systemn. - Obtaining money

to pay for an 1nvestment in energy coqservatron is called

financing the investment. Money for "investment is normally

borrowed from a bank — although other organizations., such as
savings and loan companles,and 1nsurance companies, w1ll also
lend money. It should be noted however, that f1nanc1ng is
often obtaimed from lntennal sources — money already in the -
possession of the business or individual. '

) When money is borrowed, interest must be paid to the
) lender .-The interest is '"rent" that is paid by the borrower hd
for the ‘use of the lender s money. The amount of 1nterest
paid per year is usually some percentage of the amount bor-
" rowed. ThlS percentage is called the 1nterest rate. A loan
is usually pa1d back a little at a time — a certain amount
per month or per.year. The  total amount paid back will be
more than the amount borrowed ‘because of the interest the
borrower must. pay. ' The process of Tepaying a lodn is shown
in Figure l."j ; ¢ ) ) ‘ v o g
Lo (-
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. \ ' v
\ - i - LY \ » G
:
3
R . SERIES OF . ' . - MONEY
MONEY . " MONTHLY OR - is
is _ YEARLY PAYMENTS : *  TOMPLETELY .
BORROWED _ (CAN BE ANY NUMBER) REPAID
LY ' ’ y
oY ‘ TIME _ /
.. ' Figu 1. .How a Loan is Repaid.
. . « g ‘ﬂ . f . p.

*In most cases only part of the money .needed to begin
an energy conservation projéct is borrowed. Usually, part -

is pa1d 1n1t1ally and the remainder 1is borrowed When this
happens, the initial amount pa1d is called the down payment,

and the payments to be made later are called 1nstallments

Each.lnstallment con51sts of two parts (l) the 1nterest'

charge, and (2) the amount pa1d to reduce the totg; amount °

- porrowed.. The total amount borrowed is called the principal.
Thus, the following equatlon can be stated: .

\ -
: ‘Amount paia to -
Amount\oﬁ Interest . . ) .
installm _ charge + reduce the Equation 1 .

principal .
- . <
- : ,i/f v
. /

- The, amount of the loanestill to be repaid at any one
time is called the outstanding balance pf'the loan. The

‘interest charge portion of an i§Stallmenf is given'by the
following equation:

.\ . 3




Interest charge
pbortion of
/ instaliment

Outstaﬁding

. balance when

payment is
made

Interest
rate

Ve Equatlon 2

<

the ¥em ing

r ¥

After the interest charge has been determined,
amount is used to reduce the outstanding balance. -
A series of installments can take one of two forms:

* The outstanding balance is reduced by the
same amount witht every payment. This means
the interest charge will be different each
month, so the total payment will be differ-
ent each month.

a

+ The total amount of the payment each month
is always the same, so both the interest
charge and the outstanding balance reduc-
tion w111 change.

The next two examples (Examples A and B) illustrate both

forms of repayment.

[\

OUTSTANDING BALANCE REDUCED BY THE SAME AMOUNT,

EXAMPLE A:

Giﬁehi\

A}

Three thousand dollars is borrowed to pay for - ™
The interest rate is 10%. The
outstandlng balance of the loan is to be reduced

home insulation.

‘ by $1,000 each year for 3 years.

Find: The, interest charge and total installment for
each of .the next 3 years.
} . e * / -
-0\
- )
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Example A. Continued.
Solution: First year Outstanding
- interest = balance when X In?:iZSt
charge payment is made R

-~

$3,000 x 0.10

$300. L 2\

??2§2t&gf -_ Interest _ Amount principal
stallmeht charge is reduced

= $§300 + $1,000

= $1,300.

The outstanding balance at the end of “the first-—|-—
year is $2,000. » ' , .

Second year

interest = $2,000 x 0.10

charge Y2 $200

Amount of . .
second -im--- = §$200 -+-§15000-— —— " -
stallment $1,200

~ The outstanding balance at the end of'the second

year is $1,000. | - ~
Third year . : ‘
interest = $1,000 x 0.10 '
charge = $100.

Amount of ) '

third in- = $100 + $1,000

stgllment = $1,000. -

_ The outstanding balance at the end of the third

year is $0; therefore, the loan has-been repaid.

.
SR
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+ EXAMPLE B: CONSTANT INSTALLMENT AMOUNT.

Given:

Find:

Solution:

Three thousand dollars is borrowed to pay fo£
home insulatign. The interest rate is 10%.

The total payment per year cannot be more than
$1,000. ’

The interest charge portion of each installment,
and how long it will take for the loan to be
repaid in full. - . AN

First year .
interest = $3,000 x 0.10 —
charge . =" $300

Amount the
outstanding
balance is
reduced |

$1,000 - $300

$700.

The outstanding balance at the end of the first
year is §3,000 - $700 = $2,300.

Second yedr ‘ .

interest = $2,300 x 0.10
charge = $230
Amount the ’

outstanding _ i
balance is $1,000 - $230
$770°.

reduced

3 L

The outstanding balance‘at the end of the, second’
year is $2,300 - $770 = $1,530. \

Third year . :
intérest = $1,530 x 0.10
- Charge = $153.
i - -

8
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’;;///ﬁ\\\Bxample B. Gontinued. . - . °

Amount thé : .
- outstanding _ .-
?é?. < balance is $16000 $153
reduced = §847.

°

year is $683. : ‘ ,

»

, Fourth year | . '
interest . = $683 x 0.10
~charge = $68.30.
_ The outs%éndiqg balance can be reduced to zero
. ' with one installment: ,

¢ ' Amount of _ Interest _ Amount princiﬁélJ “

) Installment _ charge is reduced ;\
‘ = $68.30 + $683 e “

- = $751.30.  »

- ) Thus, the:loan can be ;epaidwwi%h~%h¥ee—$}7909~—~
4 installments, followed by an installment of
' $751.30. The loan would take 4 years to repay.

"l r}

L]

It is obvious from the-calculations given in Examples A
and B ‘that the form of repayment can make a substantial dif-

in the length of time the payments must be made. It is impor-
Q o tantwié recognize that these payments are ''costs" of an, energy
conservation project. Fach of these costs occurs at some
point in t%me, and ghe exact time each payment is made ;s
< very important becapsé.of the time value of money. The

\1_
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a/Ference-in the amount of méney that is paid back per year and



.

interest that is paid on the borrowed money is a cost just
like the actual purchase price of the system Or object. For
this reason, the energy specialist must understand the bor-

Towing and lending process.
[] .

TAXES ,

[

.Taxes can. have an important effect on costs because

taxes apply. to d&fferenf things in different ways.  For
instance, suppose an individual purchases and installs a
solar water-heating system with borrowed money. Personal
income'(money earned) will be ﬁsed to pay the installments
until the loan is repaid. These wages are subject to federal
income tax, that is, a certain percentage of the wages this
person earns must be paid to the federal government. How-
ever, when part of this income is spent on certain items,
taxes do no% have to be paid on that particular part. This_\

particularypart of the igcome~is=deductibiet—»The amount of.
tax that must be paid can be stated as a percentage of the
income subject to tax. This is called the tax rate. A per-
son who pays a certain tax rate is said to be in that partic-
uiar,tax bracket. For instance, if 30% of a person's income

is subject to tax, then that person is said to be in the 30%
tax bracket. ' :

Example C illustrates the concept of the average tax .
bracket. With federal income tax, howewer, no% all income
is taxed equally; greater amounts of income a;e)taxed at

highelr, rates. ‘ ~ ' s aii
3
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S EXAMPLE C:: TAXES, fAX BRACKETS, AND DEDUCTIBLE INCOME.
Given: An individual is in the.ZS% tax bracket and
“ T ' has earned $20,000. Of that income, $5,000

“was‘spent on deductible items.

Solution: Amount
‘ subject tor=
tax <

Find: The amount- of tax the indiviﬁual must pay.x}“

Total- +'Deductib1e
income expenses

$20,000 - $5,000
$15,000.

o

Tax which Amount

must be = subject x tax rate
paid to tax ; .
’ = §15,000 x 0.25 / .
=$3'.750'. . ;
The tax rate that applies to the last dollar of income earned
is called marginal tax rate. Thé marginal rate schedule for
an individual could be similar to the one shown in Table 1.
.. TABLE 1.° MARGINAL TAX RATES. ‘
1st $2,000 - 15% ($0 through $§2,000)
2nd $2,000 - 19% ($2,001 through .$4,000) -
. 3rd $2,000 - 22%'(54&00; through $6,000) :
v .} 4th $2;,000 - 25% ($6,001 through $8,000) ,
' ,5th $2,000 - 28% ($8,001 through §10,000)
6th $2,000 - 32% ($10,001 through $12,000) |
. )
2y ,
. L
.Page 12/EE-04 . - . S
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4

Therefore, if a persan with a marginal rate schedule like -
the one in Table 1 earned $11,000 per year, the marginal.tax
Tate oq_the last dollar earned would be 32%.

-

EXAMPLE D: THE MARGINAL TAX RATE.

Given: An individual earns $10,500 per year and has a
deductible expensg of $1,500. (The! rate schedule .
) given in Table 1 is applicable.)
Find: The after-tax cost qof the $1,500idedpqtion.

Solution: Of this deductible expense, $500 would have been
taxable at 32%; therefore, the savings of that
portion are §$500 x 0.32 = $160. The other $1,000
of .the expense would be taxable at 28%, so the
savings of the, deduction are $1,000 X 0.28 = $280.
The total satvings of the tax deduction are $160 +

. $280 = $440. Thus,. the actual—cost is—$1;500
$440 $I,Q60. '

L]

' .
Whenever the marginal rate schedule is available, it should

be used instead of the average rate. ,

_ One important deductible expense is the 1nterest paid on
borrowed money. In other wordss income used to pay interest

is not subject to federal income tax. If an individual is in

the 30%“ayerage tax bracket, then 30%. of that bérson'§ income /
must be paid each year to the federal government. When this
individual borrows gphey to finance, an energy conservation

project, the interest payments are deductible and will lower

.
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the actual cost of the project by reducing taxes paid. Foé\///
example, if income ‘that is used to pay interest Were taxable,
then, of every one dollar earned, on1y~70% could be ﬁsed to
pay interest, with the rest being paid for taxes. On the
‘other hand, if the interest were not taxable, then 30% less
could be earned to pay the interest, and not as much of the
« total amount’earned would be spent on taxes This applies-
"to any expense that is deductible; therefore, taxes must be
considered in order to reflect accurately the actual nature
of costs and cost savings. Table 2 gives the cost savings of
,,,,,,,, 4 payment of $500 beinfg deductlble when different tax rates

-

are appllcable ) . : Iroa
: ) v . SN
TABLE 2. ~SAVINGS OF TAX DEDUCTION.
Relevant | Amount That Nust Be o
fTax— Earned If Payment Is | Amount If- -—}Savings of
Bracket Taxable - Nots Takable Tax Deduction
104 "§ 555.56 $500 .'$,55.56 (
20% 625.00 - ' 5o 125.00 . .
30% ' 714 :29 1 - 500 ., . 214.29
. 40% 833.33 . 500 333.33"
50% 1,000.00 - 500 - o 500.00
’\ ! -
\

— . " Table 2 shows the obvious: that ‘higher tax rates result
.in more savings ‘when an expenSe 13 deductible. ,(People in
hlgher brackets normally must pay a hlgher tax; but when they

'do not have to pay the t (that is, the expense is deductr
ible), then the savings Jis greater.

" : N v 1d 4




CORPORATIONS AND TAXES : o (

’g Tax situations vary with different individuals and orga- ~ D e
nizations. For instance, some businesses — most large ones —
are corporations. Corporations differ from some businesses
in the manner in which they are orgainzed: the major feature ° :
is that they exist on their own, while other kinds of busi-
nesses: are tied to one person or a group of people. - All cor-
porations pay taxes at the same rate — 46% on income "beyond
$50,000. ‘(Most corpo%afion§ earn quite a bit more than that
every year.) This fact can make the effect of taxes on costs
and cost savingg much easier to determine.

.Most business expenditures resulting from general opera-
tions are tax 'deductible. Consequéntfy,”the cost of budiness ;
investment in energy cbnservgtiop is partially offset by tax )
,saVingé.. The financial benefit'of lower energy bills. is-also \\\\

affected by taxes, as shown in Egampls E:-

\.\ o
.

\

v N b g

EXAMPLE E: CORPORATIONS AND TAXES."

°z

Given: A corporation plans }6 set its thermostats
! “+ Hhigher in the summer months in its office. . ~ .
.- building, and the saﬁings in_electricity will ~ ‘ .

be $4,200 per year. The corporation pays 46%

- .~

of its income in taxes.

Find:* =~ _The actudl savings per year of the project; L -
\\‘ , . ~ . - [ ]
N _ ¥ BV
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\ ’ ‘
Example E.  Continued. _ ' Va
Solution: Since the corporation pays 46% of its income

 $1,932 = §2,268/yr.

in taxes, and sirmce the electricity bill is a
business expense and, therefore, tax deductible,
when the corporation saves $4,200/yr -in expenses,
that $4\,200 bgcoﬁes taxable. Thus; the corpora‘
tion's tax bill would increase by $4\200 x 0.46

= §1,932/yr. Tﬁé-actual savings is §

Example E implies an easy way to compute the actual

, cost sav1ngs Jper year of an- energy project when tax consid-
“drations.are 1nvolved

Thls floure is given by the following

fofmuf’ e vl
. “, %brlglnal '
Actual'cost . :
: dollar | Appllcable - . _
Sz¥ln§:r savings »% @ - tax rite ) . Equation 3-- .
pey Y per year °

For_insfance, consideg the situ on in Example E as follows:

v N B

A}
i

e LN —
. Actual Cost & ’ BN

Savings . ,= $4 20¢ (1 - 0-.46)

Per Yet = $46,200 x (0.54)
v LT $2,268/yr.

Bage 16/EE-04 : e Y.
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Equation 3 can be used for businesses or individuals;
jt is essential, however, that the appiicable tax rate be R
* known. . ¢
| It should be noted, also, that whenever a business under-
takes an energy conservation project, the cost of the project
... is tax deductible. This makes the actual cost smalle}.
Actual cost can be computed in a method exactly like.EE;L

used in Equatiopn 3. ' ‘ -

—

-~

Actual . Original
cost cost

. . - ‘ ' P
“~ » B -t
TAX CREA;IS . ' - ’
. @ . )

~

Occasionaly the ‘government wants to encourage spending

x (1 - Tax rate)*? Equation 4 4

on_a particular item. When this is the case, a tax credit

is often instituted. A tax credit is a reduction in the tax
.bill an individual or buggness must pay. For instance, if an
individual's tax bill amounts to $4,000, and-he or she qual-
ifies for a $600 tax credit, then the amount of ‘tax which

must be paid is equal to $4°,000 - $600 = §3,400. Tax credits”
can be expressed.as either a dollar ambunt or a percen;agé'of
some other amaunt. Whenever a tax credit is associated with
an energy, project, it reduces thercost of the project, -be-
cduse money that otherwise would have been'paid in taxes can

. be'used for something else. This concept should become
clearer with the following example YExample F): )

~
T ® - »

e




EXAMPLE F: TAX CREDITS.

Given: An indiviﬂuay buys insulation to install in his
or her home with penéonal ﬁohey (that is, not
borrowed). By insulating the home, this indi-

% ) vidual qualifies for a $300 income tax credit. )

‘ THe_person's tax bill normally would be $3,500.

The cost of the insulation is, $1,000.

% ‘ Find: The actatal cost of the insulati’orf(Q -

Solution: Since the individual qualifies for a $300 tax
credit, his or her tax bill will be reduced by
$300. Although $1,000 .is paid for the insulation,
$300 less is paid in taxes: Therefore, the total

' ;Z:L\\\\J/itigﬂt spent is $1,000 - §300 = §$700.
/ -
|

»>

<

EN

It should be cléar at this point that taxX ¢onsideratioms —— —
r have a significant impact on both the costs,and cost savings
' of energy projects. This particularly applies to buginesses,
_~ where the Costs are tax deductible and the cost sayihgs are.
taxable. Often these considerations ‘can completely change
the way the costs of an energy project «compare to its cost
savings in present-value terms, and for this reason, they are .
.~ very important. ' ” .

*
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EXAMPLE G: CORPORATIONS AND TAXES.

Given: A corpofation purchases a %icrocomputér fot .
- $15,000. The corporation is in the 46% tax
bracket. ‘
Find: | The actual cost of the microcomputer to-the
o companyf _ ‘
Solution: The microcomputer is a business eﬁpenée and is,
' therefore, tax deductible. If income were not
spent on it, the income would be taxable; there-
fore, 46% of the $15,000 would have been sbeht
anyway in the form of taxes. The actual cost is
54% of %15,000. Using Equation 4, the following . K

‘ ) may be writteni\;> .
\‘ M - N .)

\ Actual . ¢15 000 x (1- 0.46)

~ ’ cost
' ©$15,000 x 0.54 )
$8,100. -~ ' : '

p
"

L]

\- —

‘figure can be obtained in a numbe5.0f~ways.' Often the &anu-

LIFE OF AN INVESTMENT
. 0 f .
Whenever the totallﬁost and cost ggvings of an energy ) o
project are calculated, some knowlédge ig needed of how long
the system or device will be working. An estimate of this, .

<

" facturer of the equipmefit will have data regarding its ex-

pectea life. The way in which the expected life of an invest- “////
ment is determined depends on the information available. It

should be emphasized that it is much bettér to underestimate

the life of an investment than overestimate it. If the equip-
ment lasts longer than it was suppbsed te, then the result is.-

- - - b

’
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. 4 . .r.’ R
additional cost savings Howéger if a piece of equipment f
stops working before it ‘s supposed to, then it will not ‘
generate all the cost savings it should In the latter case,

!

the cost of the project mlghpnactually be greater than the
';ost savings, making the project unadyiséble.

“
-

\\‘ LIFE-CYCLE COSTING e

L1fe14yc1e costing is a technlque tﬁat is useful in

dete;mlnlng the total cost of owning and‘u51ng an-energy ..
consérvation .dévice ‘— such as a m1crocomputer “system. Energy:
conservatibn~projects can have cosfs'of'ﬁany dffferenf kinds:
pufchase cost, 1nsta11at10n cost, maintenance cost, labor

cost, and so forth. Life-cycle costing #akes all of the

costs of an energy project and divides them into three cate-

gories: (ljﬁengineerrng;‘de31gn,*and development costs; -
(2) total consﬂg:iflon costs; and (3) operating costs. These

categories are defined as follows:
-\

1. Ehgineering, degign, and develobment costs: This

category includes all cests of making the project
workable, including the costs of designing, pro- ~ .
dugin end applying the projecf to a given situ- '
ation. | ° o : ’

2. Construction: Includes the purchase price, in-

_stallation, and all‘other-costs needed to get the .

> project into operatlon
3. Operaying costs: Once the system is installed,

~—7
.these are the costs of keeplng it going. Such

.costs 1nelude ma}nteQance personnel, and so forth.

.
. ", " N . w - .

an
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Several of these costs and the way they relate are shown in

Flgure 2. . P J
’ LIFE CYCLE COST
\ . ' ‘1 L i
. P oa " { |
- ) : P i .
— ENGINEERING ——py CONSTRUCTION A - OPERATION COST
cost . . cosT . -
rl . , ‘
| PROJECT i _HARDWARE T PERSONNEL
L 8 .ANALYSIS PURCHASE
—-—"/ ! ’
o DESIGN OF AINSTALLATION MAINTENANCE
1 EQUIPMENT ' ) B
Vo “ ) 2
T A . ‘.
L— - FINANCE" ghebxour * INDIRECT COSTS
i. N R ‘ .
] ) | ‘ (94
: DELIVERY AND ENERGY AND
TRAINING UTILITIES

Figure 2. Elemenfs of_Lifg-Cycre‘Cost.

‘«.

It should be pointed - out that not all factors llsted in

Figure 2 apply to every energy conservation project. In fact,
.7 in some instances a system or device simply wﬁll/be-boyght
and installeg therefore, no éHETneerlng or -design costs are
involved. Op-the other hapd, occgsionally a system 'will have
to be modified for application to*a particular situation, In
this case, some design’cost would be involved. For example,
a microcomputer system for thermostat control in .a home could
probably be installed with’ Very little modification; but the

.

‘ -
. .
) . - . -
" -
¥ * <
X
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installation of a solar-heating system to supplemént a fuel-
oii-powéred system in the. same home might involve some design

work. A situation ﬁay\also arise wheré there.is some type of

cost that does not fit into one of thescategories shown in .
Figure 2. 1In all cases, how%ver, Phe costs of an ene{gy\con- ‘

servation project can bé classified as follows: engingering

5

costs, constructlon costs, or operating costs.
The process of life- cycle costing is useful because it

“*“*pfﬁVldes*a*govd‘methvd*nf‘tompartng‘dIfferent‘prnjetts~whreh———~-————

Cdy

have the same functlon A cooling system powered by electric-
ity has the same functlon as one bowered by natural gas — to
proy}de a comfortable env1ronment , The decision that is made
concerning wh1ch kind of system to use will depend on the~
costs of each. The determination and analysis of thesg costs
is not aTways an easy mat\ter, however, becéuse'not all costs
occur at‘thé same time. b}n this_case,-presenffvalue tech-
niques become ‘necessary. A system must be designed before
it.is installed, so the design cost will occur before the ‘
ihstallatiqn cos;é a system must be installed before it 'is
opg;ated,‘so operation cgsts occur after installa'tion costs.-
Figure 3 shows (1) when costs in the differenp‘categories
occur and (2) how the mégnitude of each type of cost changes

.

over a peried of time.

/a

S\

[KC

wll Toxt Provided by ERIC

~Several- thtngs—shou%&—be—noticed<aboutfPigure—Sg—\There —
is some differencé between the end of the costing period (the

period of time over which the costs are calculated) and the
enh'of the life cycle (when the product or system quits :work-
ing). The costing period is determined by management,.and,
as’mentioned earlier, it is better to undérestimate the pe-

riod (as is done in Fiﬁure 3) rather than to dverestimate it. .

If the product.will last until the end of the cdsfing perio@,

-

z

then it will perform all that is required of it te be

¢

- e e
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ENGINEERING. DESIGN.’ AND :
DEVELOPMENT COSTS _CONSTRUCTION COSTS :

/

OPERATING COSTS

By *

*CO8T

-—--——-—‘//. \
.“ i . , . \
, ‘ / \

(™Y .
' END OF COSTING {
. 8TARTUP | perioD \

/ ~

L * ‘. . DESIGN-AND CONSTRUCTION . - ) S—— OEE\BATION/PRODUCTION .

™“—END OF LIFE CYGLE

. < TIME -, T

. ’Figuré 3. Stages of Life-Cygle Cost.
profitable — since the decision to implement it was based on
the.assumption thatq it would last until the end of the cost-
ing period. It should also be noted that not aif costs in ’ .
each éategoryloeeur at one point in time. Operadting costs
-~ oecur as lgng as the system'is sed, and engineering and con-
) structlon costs cover shorter time perlods tending to rise

.

and fall in magnitude. Coe ]
To do a life-cycle costing analysis, the following data

¢

are needed:
- Cost elements . '
— . Qperating profile — data regarding exactly what the
system will do ' .o . - .

. Utilization factors — ®0 what extent the system will
be used.

)

hd -

- Costs at current prices

- What costs are likely to be in the future — adjust- -
ing current prices for inflation with cost-escala;
. _ tiomn techniques 0

.*Costing period .on life .

J ce .
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Once these data have been obtained, the life-cycle cost of ‘a
project can be calculated. Then its life-cycle cost can be
compared to the life-cygle coéts of other projects with the
same goal or fumction. This comparison can be used to help
determine what should bé done.. The technique of life-cycle
costing is simply a method of incorporating all relevant
costs into thé decision-making process. Followiﬁg is a de-
tailed example of how life-cycle cost is determined:

=

EXAMPLE H: LIFE-CYCLE COSTING.

Given: . An individual is con51der1ng the installation of
a solar- energy system with 400 ft2 of collector
" area in his or’ her home. - The engineering and
design cost is $1,000 (to be incurred in the
present), and the cost of‘the system installed
is $15/ft%. The down payments would be 20%\9f
the design -and construction cost, with the re-

i

maining amount borrowed and paid back over a 20-

‘yeér period at an interest rate of 9%. The annu-

. al payment is $613, with the payment in the 20th

__year being slightly higher ($633.22). ?hé B
1nterest pa1d on the borrowed money is tax de-
ductible,~and the individual is in the 38% tax
“bracket: sﬁsintenance costs for theusystem is
$100 for the flrst yéar and should be escalated
at 66 per year over the 20-year 11fe of the

- system. . The discount rate that should be used’
in determing present Vaiqe is 8%. °




, .
. . A
' : \_-/

Example H. Continued.

Find: " The present value of the total cost of owning
the system. ’ l
Solution: Total cost o )

(§15/£t% x 400 ft2) + $1,000 -
$6,000 + $1,000
$7,000. —

= 20% of-original cost i
0.20 x-$7.,000
- . = §1,400.

" associated with
the present

Down payment

PR S U O PSR

Amount borrowed = Original cost - Down payment
=—$7,000 - §$1,400
= §5,600. ' ‘ !

This is the outstanding balance at the end of the

first year just before the first payment of §613

is made. To find the total cost of owning the

system, the present value of the cost of each

( _year in the future should be gglculated. Each
ryear in the future involves maintenance\\ests and
repayment of.part of the loan (the interest on
which is tax deductlble) Table 3 gives the cal-
culation of the present value of the costs of each
year. -When this is ded to the-down pa&ment, the

- - total cost of; ownlng the system is obtained (in

present value terms)

-~ . -

¢
' T EE-04/Page 25.
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TABLE 3. PRESENT YALUE OF SOLAR-ENERGY SYSTEM COSTS.

g~
[+3]
[+2]
o
[ Q]
(@)}
-~ -
m
m
|
[an]
FS

A B c D E F G i I
Qutstanding Interest Amt . applied|. Interest cost | Maintenance | Total \
- | Balance at Cost to Principal| after tax Cost esca- Cost * 7 | Present
Year | end of year (B x 0.09) | ($613 - C) [C x (L - 0.38) | lated at 62 | (D+E+F) PVIF | Value
1 $5,600.00 $504.00 $109.00 $421.48 $100,00 $521.48 | 0.9259 | $482.84
.2 5,491.00 494,19 118.81 425.21 106.00 531.21 ]| 0.8573 | 455.41
3 5,372.19 483.50 129.50 - 1 429.27 112.36 541.63 | 0.7938 1 429.95
4 5,242.69 471.84 141.16 433.70 119.10 552.80 | 0.7350 | 406.31
5 5,101.53 459.14 153.86 438.53 126.25 564.78 | 0.6806,] 384.39
<6 4,946.67 445,29 167.71 443.79 133.82 577:61 | 0.6302 364.01
7 4,778.96’ 430.11 182.89 449.56 141.85 591.41 | 0.5835 345,09
8 4,596.07 413.65 199.35 455 .81 150.36 606.17 | 0.5403 ] 327.51
9 4,396.72 395.70 217.30 462.63 159.38 622.01 | 0.5002 | 311.13
10 4,179.42 376.15 236.85 470.06 168.95 632.01 0.4632 ] 295.99°
11 3,942.57 354.83 .258.17 478.16 * 179.08 657.24 | 0.4289 | 281.89
12 3,684.40 331.60 281.40 486.99 189.83 676.82 |0.3971 | 268.77
13 3,403.00 306.27 "306.73 * 496.62 201.22 697.84'| 0.3677 | 256.6Q .
14 ‘3,096.27 . - 278.66 . 334.34 + 507.11 213.29 720.40 .4 0.3405 } 245.30
15 2,761.93 248,57 364.43 518.54 ° 226.09 ' 744 .63 | 0.31 234,72
16 2,397.50 + 215.78 397.22 531.00 239.66 770.66 | 0.2919 ] 224.96
-17 2,000.28 180.03 432.917 544,59 254,04 798.63 | 0.2703 } 215.87
18 1,567.31 141.06 471.94 559.40 269.28 828.68 | 0.2503 | 207.42
19 1,095.37 98.58 . 514.42 575.54 285.43 860,97 %§?317 199.49
20 580.95 52,29 580.95 613.57 302.56 915.93 | 0%2145] 196.47
Present value of future coSts ...... '$ 6,134.12
- ' Down payment ...... 1,400.00
\7 Present value of the cost of owning and operating solar- energy sysgfm ...... $ 7,534.12
- ¢ L3 /
. . r |
. ! [ K Ve

Smehellh
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EXAMPLE I: DETERMINATION OF COST SAVINGS. 4
-|Given: In Example ﬁ, suppose that the backup energy

source has a cost of $8/10% Btu and .is to be
éscagated at 10% per year for each of the 20
years.. The annual energy load of the house is
152.83 x 108 Btu. If 400 ft? of collector area

> is installed, it willlsqpply approximately 43%
w of the energy needs of the home. The discount
' rate is still 8%. . f
Find: ‘The preéent value of the cost savings associated
with the installation of this systen. ‘

Solution: Energy saved per year =" 43% x Energy load

. 0.43 x 152.83 x 10° Btu
65.72 x 10% Btu.

E

The cost savings per year.can be computed by
escalating the energy price for each of the
next_20 years and then multiplying the ‘price
by the above figure. This fs done in Table 4,

<

where the present value is also taken.

.

Al

¢
¥
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B

Price of
Energy
(10° Btu)

Energ§
Saved
(10° Btu)

*Annual
Dollar
Savings

(B x C)

PVIF
/ (82)

Present
Value

of Savings
(b x E)

$ 8.00°

65.72

£5.72
\3 23 ar ot 5

$ 525.76
578.34 -

9.68
10.65
11.71
12.88
"14.17
15.59
17.15
18.86
20.75
22.82
25.11
~ 27.62
30.38
33.42
36.76
40.44
44 .48
48.93

65.72
65.72
65.72.
65.72
65.72
65.72
65.72
65.72
65.72
65.72
65.72 -
65.72
65.72
65.72
65.72
65.72
65.72
65.72

636.17
699.92
“769.58
846.47
931.25
1,024.57
1,127.10°
1,239.48
1,363.69
1,499.73
"~1,650.23
1,815.19
1,996.57
2,196.36
2,415.87
| 2,657.72
©72,923.23

3,215.68

0.9259
—0.8573
0.7938
0.7350

0.6806"

0.6302
0.5835-
0.5403
0.5002
. 0.4632
0.4289

0.3971 -

0.3677
0.3405
0.3152
0.2919
9.2703
0.2502
0.2317

$ 486.80
495.81
504.99
514.44
523.47
533.44 .
543.38
553.58
563.78-
574.13

,584.89
595.54
606.79.
618.07
1629.32
641.12
653.01
664. 96
677.31
'689.76

Total Present Value of all cost savings

’,

$11,654

.59

-

1

4

In comparing the results of. Example I with Example H,
one can see that ;he.coét savings of the project 'are greater
than its costs. Before the project is impremented, the costs

and cost savings of alternatives should be investigated.:
‘ Primarily, the alternatives in this instance are collector

“T*‘afea§_of’differént sizes. As can be recalled from studying

/
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the ﬁarginai analysis techniques. presented in Module EE-di,
"Fundamentals of Energy Cost Analysis," the marginal cost of
adding a number of square feet of collector space should“be

compared‘?B the marginal cost savings, and the "best" collec-

tor area would be where the marginal cost equals the marg1na1
cost savings. The process could go the other way: ‘the cost
savings assoc1ated with a smaller collector area — in the

form of feduced installation cost — might be greater than the
value of the lost . energy.-« In this case, the number of. square
feet should be decreased until marglnal cost equals mﬁ?glnal

cost sav1ngs : \ .
This module has included important calculations of the

costs and cost savings of energy projects. When these calcu-

lations are accurately performed, it is more likely that

proper decisions concerning the ernergy prdjects will be made.

-

EE-04/Page 29




A 4 _ :
- & e ;‘ .. . , ’ ~
. EXERCISES . .
1. // Comgutatlon of Payment Schedule N

A general contraltor is building a pew 80- home
subdivision for which 80 new central air-conditioning
(heating and cooling) systems must be purchased. " 1f -
purchased  from Company A, the units would cost §$87,000.
Company A is willing to provideithe units.for 10% down

. and a payment schedule as follows (based on 15% interest
‘rate): ”
. ' Year Peyment Due Dec. 31 - )

1 $23,000.00 N

2 N 725200000

3 23,000.00

4 23,000.00

5 23,000.00 - ‘ .

6 2,776.66°

Company B will provide similar units for nothing
"down and $26,000 per year for 5 years.

a. Complete the following payment schedules, dis-
"counting at 10%:- o
, . . ,
i . = o
" ~ COMPANY A ’ )
Interest | Amt. Applied- ‘ Present Value
L Year Payment Cost to Pr1nc1pa1 Balance of Payment
y "0 [ $ 8,700.00
1 23,000.00 .
2 23,000.00 ‘ ' . _ .-
3 23,000.00 B ) . R
4 23,000.00 ‘
t S 23,000.00 ) ‘
.1 6" 2,776.66- : T . -
iotal PV of/257t from A .vvvun.. = | J
\

- 4 -
\\ j\\\\j ' ' .z b . 3«1
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) COMPANY B~ - o }
P ) Year ‘Payment7 ‘1. PV of Payments
i $26,000.00 S tk- ) o
] 3 . L. - .
2 26,000.00
s 3 26,000.00 . ,
4 26,000:00 . | T S
5 26,000.00
s - =e——}-Total-PV- ofcost— - - -
} from B .......... = lﬁf IR
b From whith company should the units be bought?

c. If the Contractor is in the 46% tax bracket, calcu-
late the following~additional columns of the con-
tractor's schedule:

Interest Cost Amt., App'Iied Total Cost PV of
Year After Tax . to Principal ’ of Payments Payments '
(same as above) .

- > -
. -
. )
N
. -
L4

|
O W
w

7 S S

~

d. Tax have what effect-on e-total costs of a
company? .

. 2. Tax Rate and Tax Credits.

' " A maJor farm machlnery company has determlned that

it is 1051ng 80.93 billion Btu/year through chimney .-

stacks in its productionsglant, as shown in Figure 4.

, Its -engineering department knows that some of %his heat
could be saved by the 1nstallat10n of recuperators. The
potential for heat recovery is shdﬁh as follows (Figure
4):° ' .

' Page 32/EE-04 : SRR
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t
¥o 6 Belt Anneal — 83,287 Bcu/l{%bumeta.
Recovery factor estimated at 30% what {s lost; .

83,287 Btu/hr x 24 hrs/day x 310 days/yr # 1,000,000 x
0.30 recovery factor x $2.35/MM Btu. = $436.88/yr.

Est Cost = $900 per burner x 5 burners .= $4,500.

No 3 Bolt & Nut Furnace — 701,734 Btu/hr — 13 burners
701,734 Betu/yr x 24 hrs x 310 days/yr ¥ 1,000,000 x
0.30 factor x $2.35/MM Btu = $3,680.74/yr.

Esc Cost = $900 pet burner x 13 burners = $11,700.
No 4 Bolt & Nut — Same as Item 2.

— 3 Lindberg Heavy Duty Pacemakers.
18 butners.

6,488,017 Beu/hr x 26 hrs/day x 310 days/yr  + 1,000,000 x
0.30 facgtor x $2.35/MM Btu = 534 030.95/yr.

6,488,017 Bry/hr

Est Cost = $900 per burner x 18 burners = $16, 200..
No 14 Bearing Race Furnace — 6 burners.

4,351 ¥ Bru/vyr x 0.30 factor x $2.35/M Btu
= $3,067.46/yr.

Est Cost = $900 per burmer x 6 burners = $5,400.

No 3 Bearihg Race Furnace —v 6 burners.

.7,590 MM Btu/yr x 0.30 factor ¥ $2.35/f Bty

/‘

= $5,350.95/yr’
$900 per burner x 6 burners = $3,400.
No 2 Bearing Race Furnace — 6 durners.

5,515 ¥ Btu/yr x 0.30 factor x $2.35/M Btu
= $3,888.08/yr.

Est Cost =, 5900 per burner x 6 burners = $5,400.
8 Row*Pusher Futnace

4,232 ‘M/Bcu/yt x 0.30 factor x S2. 35/‘&( Btu
= $2%983.56/yr.

Est Cost = $900 per burmer x 17 burners = $13,300.

Summary: “

. Dollars Saved — $33,519.34 per year.. _ _

y -

Energy Saved - 228.167 chems%

Estimated Cést — $75,500.

Y

.Figure 4.
Use of Recuperators on Furnaces.

Note:

ERI!

.

The estimdted life of the recuperators is 10
years.

- Calculations Showin% the Saﬁingé«by,

-

N
N

P

- -

- v . b
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recuperators (Dij g at 10%)? Net present
value is defined a3 '"the present value of benefits
minus the present value of cosw®s."

-

' . | .

¢ Escalated

Fuel Cost ’ PV ‘ ..
Savings -Fuel cost PV Cost of
at 15%/yr Savings Recuperator

A

FEd

WO 0o ~1O U1 BN

X _
@ Total PV of _ ’:j Nl T
. Fuel® Cost Savings b .
1 B 7
Total PV of  _ |
' Recuperator Costs 1

Y

[eer)

\

.~

2

CALCULATIONS: . )
Column B: Previous Year Cost x 1.15
“Year 1 = $53,619.34 x 1.7/5 = §%1,662.24
Year 2 = $61,662.24 x 1.15 = $70,911.58

‘etc.

¢ }/@olumn C: “From Data Table 2, 10% rates
Column D = B % C ) )
‘Column E = $7S,§99 cost from Figure 4

A}
-
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+ N -, .

'
L |
o

& > b. The farm machinery cOﬁpany is in a 46% tax bracket :

. - and is eligible for a:$20,000 investment tax
credit. What is the after-tax ‘credit? What is T |
the after-tax net PV of installing the recuperators? |

Total Cost Savings (after tax) . <
TCS x (1 - 0.46) + $20,000 RN
Total Costs (after tax) = ‘ ‘ )
TC x (1 - 0.46) =. - ‘
NPV (after tax) .= TCS (AT) - TC (AT) I

r
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. DATA TABLE 1. FUTURE VALUE OF $1 (FVIF).
L]
.

Period 1% 2% 3% % 5% 6% _ T% 8% 8% 10% _R%_U% 5% 18% W% 20% 4% 8% 0% 6%
1 10100 10200 10300 10400 10500 10600 10700 10800 70500 11000 11200 11400, 11500 11600 11600 12000 1.2400 12800 13200 13600
2 10201 10404 10609 10816 11025 11236 11449 11664 11881 12100 12544 12096 13225 13456 13924 14400 15376 16304 17424 18296
3 10303 10612 10927 11249 11576 11910 12260 12597 12950 13310 14049 14815 15208 15609 16430 17280 19056 20972 23000 25165
4 10406 10624 11255 11699 12155 12625 13108 13605 14116 14641 15735 16890 17490 18106 19388 20736 23642 26844 30360 34210
5 10510 1104) 11593 12167 12763 13382 14026 14693 15386 16j05 17623 19254 20114 21003 22878 24883 29316 34360 40075 46526
6 10615 11262 11941, 12653 13401 14185 15007 16860 16771 17716 19738 21950 23131 24364 26996 29860 36352 43980 52899 63276 .
7 10721 11487 12299 13159 14071 15036 16058 17138 18280 19487 22107 25023 26600 28262 31855 35832 45077 56295 69826 86054
8 10820 11717 12668 13686 14775 15938 17182 18503 19926 21436 24760 28526 30500 32784 37580 42998 55895 72058 92170 11703,
9 10937 11951 13048 14233 15513 16895 18385 19990 21719 23579 27231 32519 35179 38030 44356 51698 "69310 92234 12166 15916
10 11046 12190 13439 14802 16289 17908 19672 23569 23674 25937 31058 37072 40456 4414 52338 61917 *86944° 11805 16059 21646
n 11157 12434 13842 15395 17103 18983 21049 23316 25804 28531 34785 42262 46524 S1¥ 1769 74301 10657 15111 21198 29439
12 11268 -17682 14258 16010 17958 0122 22522 25182 28127 31384 38960 48179 53502 59360 72876 89161 13214 19342 27982 40037
13 11381 12836 14685 16651 18856 21329 24038 27196 J0458 34523 " 43635 54924 61528 68858 86994 10699 16386 24758 36937 54451

. " 11495 13195 15126 17317 19799 22609 25785 29372 33417 3795 48871 62613 70757 79875 10147 12839 20319 31691 " 48756 74053

* 15 . 1460 13450 15680 18000 2089 23966 27590 3122 36425 41772 54736 71379 81371 9265 11973 15407 25195 40564 64358 10071
16 11726 13728 16047 18730 21829 25404 29522 34259 39703 45350 61304 81372 93576+ 10748 14129 18488 31242 51923 81953 135%
1”7 11843 14002 16628 19479 22920 26928 31588 37000 43276 50545 68660 92765 10761 12467 16672 22186 38740 -66461 11213 18627
18 11961 14282 17024 20258 24066 28543 33799 39960 47171 5559976900 10575 12375 14462 19673 26623 48038 85070 14R07 25333 -
19 12081 14568 17535 21068 25270 30256 36165 43157 51417 61159 86128 12055 14231 16776 23214 31948 59567 10683 19539 34483
20 12202 14850 18061 21911 26533 32071 3869 46610 56044 67275 96460 13743 16366 19460 27393 38337 73864 13937 25791 46857
21 12324 15157 18603 22788 27860 33996 41406 50333 61088 74002 10803 15667 18821 22574 32323 46005 91 17840 34044 83726
22 12447 15460 19161 23699 292563 36035 44304 54365 66586 81403 12100 17861 21644 26186 38142 55206 ~T1357 228135 44939 86667
23 12572 15768 19736 24647 30715 38197 47405 58115 12579 89543 13552 20361 24891 30376 45007 66247 14063 29230 53119 11786
24 12607 16084 20328 25633 32251 404R9 50724 63412 79111 98497 15118 23212 28625 35236 §3108 79498 7463 37414 78302 16029
25 12824 16406 20938 26658 33864 42019 54274 68485 86231 10834 17000 26461 32918 40874 62668 95396 21664 47890 10335 21800

- . -
26 12953 16734 21566 27725 35557 46494 58074 73964 939902. 11918 19040 30166 37856 47414 73948 11447 26851 61293 13643 29649
27 13082 17069 “22213 28834 37335 46223 62139 79831 10245 13110 21324 34389 4363 §5000 87259 13737 33299 78463 18009 40322
28 13213 17410 22879 28987 39201 51117 664837 86271 T NITI6Y TIA4ZY “73BYT II2047 50065 63800 ~102-96--164 84~ 412.86---1004 32377 2- 64038 —
29 13345 17758 23566 31187 41161 54184 7)143 9NI3 12172 15863 26749 44693 57575 74008 12150 19781 51195 12855 31379 74580
: 30 13478 18114 24273 32434 44219 57435 76123 10062 13267 17449 29950 50950 66211 85849 14337 23737 6381 16455 41420 10143
40 14889 22080 3'2620 48010 70400 10285 14974 21724 31409 45259 93050 18888 267867 37872 75037 14697 64559 19426 66520 .
50 16446 26916 43839 71067 11467 18420 29457 46901 74367 11739 28900 70023 10836 16707 39273 91004 46390 ’ . .
60 18167 32810 58916 10519 18679 72987 57946 10125 17603 30448 89759 25959 43839 73701 20555 66347 . . . .
- . . . “FVIF > 99,899
’ . -
— - —
‘ 0
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X | - .. _GLOSSARY

\

L)

Construction costs: The costs of getting a workable project
into operation.

. Costing period: The period of time over which energy invest-
- ment costs are calculated. It is determined by mange-
ment. . .

Down payment:- The initial amount paid out of internal funds
for an energy project.

LEngineering, design, and development costs: The costs of
making a project workable. ¢

Installments: A Tregular payment equal to the interest charge-
plus ,some amount to reduce the principal of a loan.
Y .

Investment: A expenditure designed to reduce costs or in-
Crease income. : \

Life-cycle costing: The division of costs into three
categories: (1) engineering, design, and development;
(2) construction; and (3) operating.

Life of an investment: The length of time a system will con- ‘ #
tinue to functlog, . :

.* Marginal tax.rate: The percentage tax on the last dollar of
earned 1ncome. ‘

—

Operating costs: The costs of Keeping an energy system going. .’

) -

‘Outstanding balance: The'principal of a loan mihus. all pay- ° “—
ments made to reduce the principal.’ :

Tax bracket: The most recent tax rate for a person or .
. business. )
. o
Tax credit: An expenditure which directly decreases a cor-

poration's tax bAll. N oo
-/ : .. B
" Tax deductible: Describes an expenditure which decreases a i /
corporation's taxdble income. : .

Tax rate: The amount of taxes that must be paid divid&d by ' -
the total income subject to taxes. . _ .

. B . - N
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. INTRODUCTION

‘The goals of the energy specialist are to encourage
paximum energy-use productivity, econom1c1%ff1C1ency, and
cost minimization. These goals are accompllshed by proper
_application of certafa economic'principleé and tecfiniques
“in a number of different situations. In most ~instances,
the principles and techniques of energy economics will be
applied when soﬁe course of action related to energy produc-
‘tion, conservatlon, and use is under consideration. K num-
ber of factors must be gonsidered with regard to any partic-
ular energy project. Some of these factors are 1dent1ca1
for all projects; some apply only to specific kinds of pro-
jects; and some apply only to unique 51tuat19ns

This module presents several techniques that are used
in the analysis of ways in which costs and cost savings
of energy- conservatlon projects relate to one ahother.: The
calculations involved in these techaiques are explained
and demonstrated, and the information needed to perform
each calculation and the results—ef each calculation are
emphasized, as well as when each method should be used. \\\

e

With these techniques, the spec1allst will be able to analyz

\¢
i
‘n

accurately the economic effects of energy- conservatlon pro-

jects or groups of projects. o

- PREREQUISITES

4 iJ%\\n < 1

The student should-have a good understanding of .basic

algebraic functions and should have completed Modules EE-01,
EE-02, EE-03, and EE-04 of Energy Economigs. '

EE-05/Page 1
\
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: . OBJECTIVES

Upon completion of this module,.the student should be
able to: . '
1.  Define the following: terms: ‘
Replacement project. R .
Original project.
Mutually-exclusive projects.
Net cosét savings.

a.
b
c
d .
e. Payback period.
f Capital recovery factor.
g Benefits.
h Benefit-cost ratio.
i Net present value.
j- Internal rate of return.
2. Distinguish between original projects and replacement
B projects and tell whether a group of projects is
~————— mutually-exclusive. ' .
-3. State what information is needed %o calculate or deter-
mine the following:
a, Capital recovéry factor.
b. Amount of cost savings needed per year to’recover
original cost.
New tost égvings.
Net present value. : . -~ .
Internal rate of return.
Payback period.

4. State the nature of the information provided by the

Hh @& a0

Lfollowing methods:

a. Payback period. ~’ /
b. Benefit-cost analysis.
C.. Net present value.

d. Internal rate of return.

4
]

170
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L)

Given thé proper. information, calculate the following:
a. Payback period. . '

“bo Benefit-é&sf ratio.

“¢. -Net presént value. - -
d. Internal fate of return. '
Utilize the above methods wheh the cost savings per:
year form an i?regular flow — that is, when they are

not the same amount every year.

L ‘
7. - Examine a group of energy conservation projefts and,

through economic analysis, determine which should be
implemented. T N

EE-05/Page 3

v




r

SUBJECT MATTER

REPLACE%FNT PROJECTS AND ORIGINAL PROJECTS

Epergy projects can be placed in the following two
categories: (1) replacement projects and (2) original pro-
jects. A replacement project is a course of action that

chgnges or modifies an energy-related system already in
use. . An examplé of a replacement project .is reducing the
ventilation in a building by chéhging the air vents in each
room. An original project involwes the proﬁuction and/Oﬁv

_installation of an energy-related system where the function

to be performed by the system is performed for the.first

- time when the system is impiemgited. Two example@ of original
projectss are the installation of a HVAC system in a new
building and the purchase of a microcomputer to eliminate
unnecessary energy use. The energy specialist must be able

to exéﬁine a project and determime whether it is a replace-
ment project or an original project. ' .

With an original project, there are two factors to
consider: (1) exactly what needs to be done, and (2) what
different ways of doimg it are available. If a new building,
‘is to be heated, for iné%ance, there are a number of alterna-
tives available. It is the function of the eneng§ specialist
to ensure’ that th@ new system is as economical as possiBlea
With a replacement project, there also are two important
consjderations: (1) can the replacement project save money,
and (2) what alternatives are there. Once again, the energy
‘specialist myst be able to decide which alternative is the
most economical and still perform the desired function. ’
The techniques presented in this module will help the energy
specialist to evaluate alternative ways of impleﬁenting

replacément projefs and originalagrojects. »
. . A

EE-05/Page 5
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MUTUALLY -EXCLUSIVE PROJECTS

> '

Two or more energy congervation projects are,mufuallz-
exclusive if they perform the same function. . For instance,
a solar-heating system with 400 square feet of collector
space and one. with 600 square feet of collector space are
ﬁutually exclusive projects since they both can heat a home
or buzlding. Wheneve? two or more projects are mutuafﬁy-
exclusive, only one should be implemented. ~In a case where
more than one af~the projects are profitable, then the most
profitable one should be chosen. In other words, the solar
§?Etem which has cost savings that exceed its costs by the
greatest amount should be implemented. If two or more pro- °
jects are not mutually-exclusive, then each profitagble pro-
ject should be implemented.

/
- NET COST SAVINGS PER YEAR

A concept that is sometimes uséful in the analysis
of energy projects is- the concept of net cost savings ﬂ%r
year. This technique considers each year separately and
determines the costs and cost savings of that year. Then
the following formula is used:

N -

-

Net Cost savings _ Cost savings _ Cost in
for year n in_year n year n

B .

+ Equation 1

.




This techniqué is acceptable-because the costs and cost - .

s

sav1ggs occur in the. same tlme period amd are comparable.
Once the net sawings are found they can be discounted back
and compared to the or1g1nal cost of the energy pro;ect

P »
o EXAMPLE A: NET COST SAVINGS.
Given: A solar water-heating system costing $5000 will

reduce electricity bills by $800 per year. The
system will incur maintenance costs of $100 per

year. 3
. |Find: The net cost savings per year of the project.

Solution: Use Equation 1l:

PN
L Net cost _ ) ) )
p savings/yr.' Cost savings/yr cosEs/yr
= $800 - $100
.. = $700/yr.
[

It should be noted that the costs ard cost savings
do not have to be .the same each year to use this technique.
If the costs and cost savings of any particular year are
known, the net.cost savings can be computed.

4

PAYBACK PERIOD
‘ i
One common way to evaluate the costs and cost savings
of an energy projecg is called the payback period. The
payback period is defined as "the tength of time it takes

/

EE-05/Page 7
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a business or an individual to obtain net cost savings equal
to the cost of the investment.' If the savings each year
are constant, the following formula can be used:

- °~
, Payback _ Initial.cost .
. . period =~ Net savings/yr Equation 2
¢
/,/
EXAMPLE B: PAYBACK PERIOD WHEN SAVINGS )
EACH YEAR ARE EQUAL.

Given: An individual insf%llé'a mi¢rocomputer in his

or her home to encouTage energy conservation.

The system has an original cost of $4000 and J

will generate net.after:tax savings of $500 per

year. . A o ) ’
Find:. The payback period of this investment.
Solution: Use Equation 2. N

Payback _ Initial cost
period Net savings/yr’
- _$4000
— $500/yr . . (n'
= 8 years. ~
’ /

If the savings each year are not constant, then Equation
2 is not applfcable. In this case, the savings from each
year are added until their sum equals the original invest-
.ment. The year when the cost savings eqyal the cost ig,'
the payback period. The following examﬁl should make this

K-S

more, Cclear. )

Page 8/EE-05




EXAMPLE C: PAYBACK PERIOD WHEN SAVINGS 7
EACH YEAR ARE NOT CONSTANT.

Given: In ihgs example, suppose that net cost savingg
are $500° for the first year and will increase
12% each year thereafter,sghereas, the origina&
pr}ce'of the system remains-at $4000.°

Find: The payback period of this investment.

Solution: Consider the following table: f

£l ~ ~

TABLE 1. PAYBACK PERIOR WITH AN IRREGULAR
. FLOW OF COST SAVINGS.

s
Original savings Escntlation Actual savmgs Cumulative savings

Year (1st year) FvIiF 12¢ for vear at end of year
0 $500 Given $500.00 .48 500.00
1 500 1.1200 $60.00 N 1060.00 R

N ®
2 500 1.2544 627.20 _ 1687.20 ~
3 s00 1.4049 < 702%45 N 2389.65
4 500 1.5735 786.75 T+ 3176.40
- 500 1,.7623 T 8s81.16 4057.%6
Py .
” )
)

=
L}

-

As Table 1 shows, the total cost sav1ngs of the -
project become equal to ) cost at the end ‘of
the fifth year. Thus, a rough estlmatgﬁpf th'
payhack period.is 5 years. ’ .

)

Once the payback period has been determined,. it can
be examined in likht'of the expected life.of the investment
‘and the amount of money be1ng spent. If the payback period |
is a short period of time, the investment can be considered

attractive. o

. ¢ o
. . EE-05/Page 9 v
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The payback-period method of evaluating energy conserva-
““tion.projects has two very important drawbacks. The first
is that the method does not take .into account the'time value
of money. The neu\cost savings_of the fifth year- are counted
equally‘with those of the First year. Doing tHis tends
ﬁto'oveéstate theiactual amount of net cost savings. Second,
the method ignores net cost savings beyond the paybaék period.
rAnofnvesmment might be rejected as having a payback period
that 1s-too 1engthy,.a1though in rea11ty, it could have
generated substant1a1 savings after the payback perlod —\which
would have made it profltable.. In general, the payback-
petiod: method should be used only as a qu1ck first metho
of looking at 1nvestment proposals It should never be /
hsed as the only&basls of acceptIhg or reJectlng an energy

CODSGI’V&thn pI’O]th
P - L )

L . -

‘CAPITAL RECOVERY FACTOR

- . v

amount’ spent to be recovered © The: term "dapltal"sls used

. to descrlbe the or1g1na1 amount of money spenf on the energy
conservatfon proJect.Q This techn}que is similar to the
pdyback petiod fiethod 1n that its emphasis is on recovering

the or;ganal cost of the project. - Howkver, it does account '

“. for the time value ‘of. money and.can be, used\mn a technique ..

“known ‘as benefit cost analysls to determlna the rof1tab111ty
of a proposed 1nvestment This technique assugéi “that the .
net costcsavlngs ofteach year-w111 be Identlcal. %he follow-

—\1ng formula can be used to obta1n “the amount oi cos% sav1ngs

needed per. year to recover the or1g1na1 amount 1nvested
. ¢ * ’ N A 2 ﬂ" v . ;‘J

] .t A * N v e
Doy [

_ ,,Page 10/55 os , - 1*79 .3

Q Full Toxt Provided by ERIC

*

<,

. 3 -

-
[ A L. ) X Ny . . ..

.y (3“2 . . " " . , P \ .
~ LT N 4 v « ! .
N

°

dEKC.a' . PR Ca ! . ' o Lo )
Q‘O’.@‘ » ° , . Ed - L.

AR 1Y



«
)

Net cost savings ' . - . o

- Amount of Capital
2§§g$g£ygrgoinal = original X recovery Equation 3 .
. ' g investment factor ‘ : C .

investment

«
To obtain "the approprlate capital recovery factor,

the following 1nformat10n is needed: the life_of the 1nvest-
ment and the applicable interest rate. This information

can be used to obtain the capital recgvery“factor from a .
Capital Recovery Factor Table similar to the one showﬁ in °
Table 2. ‘

7 o - ~ , ﬂ
TABLE 2. CAPITAL RECOVERY FACTOR. IR
. D
._ . &ears . Interest Rate (%) - _ . ' .
R 10% - 12% , |- 15% : ‘%x% o
5 |. 0.2638 | 0.2774 | 0.2983 ) ‘ SN
) 8 0.1874 0.2013 | 0.2228 } ' : \
10 0.1628 .| 0.1770 | 0.1992 . ’
15 0.1315 | 0.1468 | 0.1710
20 " 0.1175 | 0.1339 0.1598
. 25 0.1102. { 0.1275 0.1547
‘ 30 0.1061 | 0.1241 | 0.1523 -

-

»

- The process of finding the net Cost sav1ngs needeg
© per year ‘is demonstrated 1n Example D Y I o @
e ¢ RN

-

. ' NETEEEE S ‘.'/‘>..~ ' o "
. . X EE-05/Page 1
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EXAMPLE D: USE OF THE CAPITAL RECOVERY FACTOR.

Given: | An éflergy conservation project with—an expected -
‘ lTife of 20 years has an original eost of $3300

The' 1nterest rate is 10%.

X ind: The net saV1ngs needed per year to recover the

N .. original $3300. . ,

Solution:  Table 2 shows that, the capital recovery factor
associated with 20 years'agéilo%\is 0.1175.
Ther Te, Equation'3 can be used as follows:

Net cost savings
needed/yr to

recover q;&ginal
investmen

Amount of Capital
original X Tecovery,
investment factor

$3300 x 0.1175
A $387.75. '

-

So, if the project gqﬁerated'nep cost savings of
$387.75/yr for 20 years, then the presgnt value

| of the savings would equpl $3300_if discounted
at a rate of 10%. ' R

Vad
7

BENEFIT-COST ANALYSIS

D * L]

. The net cost saV1ngs of an energy pro;ect are often
called the benefits of the project. I'f the actual net cost
sav1ngs per 'year are 1dent1ca1 apd known, they can be ased
to compute the benefit-cost ratlo The. formula for thlS i

’

ratlo is as follows - . .

»
* ’ L3
- .

o
. N
.”,, PN
. % w .
. “ LoV
v,
-ﬁy

-~
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’ . -
"Benefit-cost _ _ Actual net cbst savings/yr
ratio Net cost savings/yr needed to
6 . * recover origindl investment L : ¢

Equation 4

- \" ‘ % - g . ’ -
‘fhevlower part of the formula shown in Equation 4 is obtaihed
by using Equation 3. If the benef1t cost, ratio is larger '.‘ .
than one, then the net cost sav1ngs ‘ofga project (or its © - "
benefltg) exceed its cost and the 1nv£ﬁtment is profltable ‘ LR
On the other hand if the number obtalnedlby Equation 4 o T, e

is less than one then the net cost saviﬁgs‘needed‘per year _ -

aré greater than those actually obtained and the 1nvestment

is not profltable. - - < ‘ —

¢ - . 3 . -

]

' - - o
EXAMPLE E: BENEFIT-COST.RATIO. . i
Given: The assumptlon that the prbject in Example D - '
‘“ results in net cost sav1ﬁgs of $506D- per- year. . R
Find: The beneflt cost ratio and determine whether ” ’
the project is profltable or not, ‘". :';‘ 1.

Solution: Example D shows the net cost saflngs needed to .°

v —

recover the orlglnal 1nvestment~are 3387‘85

o . Therefore, Equation 4 cdn be used. as follows
) . \
Benefit-cost _ _Actual pet cost savings/yr
, ratio Net ¢ ;avigge needed/yr to -
e T : recover OR:yEi investment -

_ _ _ *§50d N :
! g . 38775 o SR
. _ =.1.2895.. : A o~ s
R ' Since .the beneflt -cost ratlo is greater ehan ) c L
G one,. the I?vestment is f}ofltable. . <.
- < ¢ . K e .

3 ~ - -
- 3 e ‘ L4

— .
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+ « It should be noted that if the benefit-cost ratio is.
exactly equdl to one, then the ‘energy ‘project w111 neither

save money nor cost money; it will save exactly as much
as it costs. The benefit-cbst ratio is an excéllent way

.to illustrate how the cost savings of an energy conservation

project relates to its cost.

LAY
~

. ° a . ] ‘ . : [«
. o NET .PRESENT VALUE METHOD
in Module EE-02, the concept of present value was pre-
sented. - If a fixed amount of money or a ser1es of equal,

yearly cost savings (an-annuity) is associated ‘with a certain

~time per10d then an-amount associated with the present —

" which is equal tothe future amount - can be calculated
‘The latter flgure 1s the presentrvalue of- the fixed amount,

.or the annuity. ThlS process 1s called discounting. Because
" an .amount of‘mbney in the present is worth more than the :
" same amounht at any point in the future {(due to_ the time e
value of ‘money), a11 dolilar amounts associated with an energy
project should be’ éonverted to the same time per10d "By -
using the technlques presented in Module EE-02 and EE-03, s

b
]

present-value calculations can be used a t.'of an anal¥sis
that..can help determine whether an energy project.should ‘i>l$
_be undertaken.' \ Y
' 1 A s : AN ‘ -
. ‘ B _ , 3o ' ,
DEFINITION OF NET PRESENT VALUE S ‘
) X N n

A1l energy prOJects 1nvolve costs and/or cost saV1ngs.

.

In Module EE-02, the.follow1ng pr1nc1p1e was .presented:
If the present value of the cost sav1ngs/of,a project exceeds,

N
” [ ‘ . °
kS Ve,

Page 14/EE<05, _ e
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its cost, the brpjeet is_profitable. In many cases, the
costs of a project do not occur only when the project is
undertaken. In these instances, the present value of the
costs can be calculated and compared  to the present value
of -the cost savings — as was done in Module EE-04 with life-
cycle costihg.”/If the present value of th savings exceeds
the present value of (the costs, the project-is profitable.
Another way to view this-process is as follows: If
the present value of the'cost savings is greater than the’
present value of the costs, then, 'when the present value
of the costs 1s subtracted from the present value of the

sav1ngs, the result should be a p051t1ve number. This differ-

ence is deflned as ''met present value."

\\

N
\

NPV = PV (cost savings) - PV (éosts) + Equation 5 o
: \ :
_where; . ) i ‘| / :
. NPV = Net.present value. ’
PV (Costs) 5~Pfeéent value‘of amaunt in parenthesis. .
Equation 5 leads to the following rule: - —

-~

NPV Rule.l: For a g1ven energy project, if
' the net, present’ valu of. that ’

project is greater than zero,

the pro;ect is profitable.

-

EE-05/Page 15
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CALCULATION OF NET PRESENT VALUE

h' " The calculation of net present value is a simp%e ex-
tension of present-value calculation techniques presented
in Modules EE-02 and EE-03. The first step is to identify
‘the costs and cost savings in each subsequent year. As
noted before, this process involves the consideration of
several factors. Once these ‘costs and cost savings have
been determined .and assefiated with some time period, each
amount should be dlscounted back to the present in the manner
outllned in Module EE-02 (that is, their present values
should be obtained). If ‘some of these figures form annuities,
then annﬁity techniques should be used. The present values
assoc1ated with the costs of each year sh/yld be summed
to obtainh- the presént value of the total cost of the project.
. Similarly, the present values assotiated with the cost savings
N of each year should be summed to get the present value of
the total cost savings of ‘the project. Then these values
ican be u;ej/{n Equation 5§ to determlne the net present value.
xample.'\ijluStrages this process: o , '

N . .
. - . -
‘ . s . .
N . L
. ’
. .
x .
S

4 EXAMPLE F: NET PRESENT VALUE.

Given: ~ In a cement‘blant three grlndlng equipment gear
tralns are Sprayed manually w1th gear compound ¢
every 2 hours, using 4350 .gal 1ubr1canf/yr An

. automatic oil-mist systeg uses only 150 gal/yr,

' . while still lubricating adequately. The gear

) d lubricant cost’s $0.2725/1b. The expected 1if
EIRE I of the é&stem is S‘years.' The system would gost -

T+ $7500 to purchase and install. Wainteﬁance7pqsfe
) would be $450[yr.‘ The interest rate is 9%(

. o Page 16/EE-05 &Xf " - C 4
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Exapple F. Continued. - w, _

{Find: . The net present value.of installing the oil-
b /
' mist system. g . _ N\
= 4350 gal - 150 gal

Solution: Gallons saved yr

4200-gal.
‘\\\J Now, “since there are 8 1b 1ubr1cant/ga1

Cost savings yr = 4200 gal X 8 1b/gal x $0.2725/1b
.0 \ = $9156/yr.

Thus, the cost|savings associated with this pro-
Ject form an annuity of $9156/yr for 5 years.

The present value of this annulty is given as

/  follows: ‘ \\\‘é ,
PV(cost savings):= $9I% x PVIF, (5 years, 9%)

‘= $9156 x 3.889 ° )
" - $35,607.68.

-
-
"

The present walue of the costs of the project

gﬁx ‘ is computed as follows: bg
PV(maintenance = $450 x PVIF, (5 years, 9%)
i ‘ costs) = $450 x 3.889
_ . = $1750.05 C g ,
Now, the pTesentm®alue of the purchase and in- g !
. stallation cost 'is just $7500 since it is done hY
. ~ .in the presentz e o s
PV (all costs) = $7500 + $1750.05
' S ¢ - = $9256.05 )
Now, using Equetion 5, the followiné NPV is ob-
tained: .
NBV = PV (co%% savings) - PV (all costs) '
= $35,607.68 - $9250.05 . _
7 $26,357.63 ' "
. o .. . .
- T b ' )
, = ~
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Example F. ‘Continued

&
.

Since the net present value is greater than zero
(in fact by a very substantial amount), the .
pro;ect should be 1mp1emented *

~ o

-

.
i

Examplg F also can be calculated by usihg'the concept
of net cost savings, as shown previously in Equation 1: '

Net cost sav1ngs/yr = Cost sav1ngs/yr - Cost/yr
. ) . a = $9156 - $450
' = $8706/yr.

Present value of

net cost savings = Net savings/yr x PV{fa (5 years, 9%)

= $8706 x 3.889 h )
| = $33,857.63 , S
‘Net esent value = Present vague of Original cost:
) net cost ngs . )
pﬁ "¢ $33,842.63¢- $7500 N
='$26,357.637 = - T~

%

o
N
i,

At this point ph$ stydent may not feel that the concept

of net presént value is Any more useful than the cdncepts

presented in Module EE<02. Indeed, when analyzing one par-
the/NPV method_offers no sped4al advantage
thod does»become most useful when a par-

ticular project,
. However, the NPV
ticular functio

can be performed in more than one way (that

S

is taken in part from NBS Handbeok 115, : \'
s, page 3-59. °.
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’

is, by more than one system).  In this instance, the project ’

\

with the highest NPV should be chosen. As discussed previously,

when two or more alterngtive projects perform the same func;
tion, the projects are mutually—exslu51ve And if the ‘
NPV. of each project in a group of mutually exclusive pro-
jects can be calculate4 the one %1th the hlghest NPY 1s
the one that should be implemented. In this case, the pro-
Ject with the higher NPV has elther greater cost sav1ngs

L

.

or smaller costs — or both.

Suppose that in Example F four different oil-mist sys-
tems were ava11ab1e at d1ffer1ng costs. Each sY?TFM“Cduld
reduce costs by a dlfferent amount, and each had-= NPV greater
than zero (total cost sav1ngs exceed total costs in present-
value terms). -

y
)
\\_/

* R

< J' ' o -, .
TABLE 3. CHOIGES AMONG ALTERNATIVE _

- . OIL-MIST SYSTEMS. o
: | Purchase Maintenance .| - Cost «J? :

System Price Cost Savings NPV
1 -] $3000 4 $550 . $4000 |$10,417.05
2.7 $s0 §500 $6000 |$16,389.50 | “~
3 $7500 $450 “$9165 |$26,357.63 |
4 $9000--- - $200 $9300 |{$26,389.90 - |

*’$ ‘ o v T -

In this example, System 4 would be 1mp1emented151nce it®
has the highest NPV.! Once the alternatlve ways of ach1ev1ng
a goal have been determined, the NPV method can be used

. oS .
to chooser from among the alternatives. - '

\
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- At this point, a few words should be mentioned con-
cernipg the cases where there is a gronp of energy projects
that are not mutually-exclusive. Since each project will
perform a different t}on, each can be considered indi-
vidually. Thus, each'project with an NPV greater than zero .
Should be implenented. This'pr%nciple; together with the

-

previously stdted one, /is expressed as follows:

NPV Rule 2: -Frfm a group of mutuallyx- excIis -
‘@ shve pro;ects, only the one with
hé highest NPV should be lmple-
] _'mented (if that NPV is greater __ _____ = ___.
= 4 than zero). From a group of -
' projects that are not mutually-
. exclusive, each project with an
. " NPV greater thgn zero should
o : be implemented.
- * «
_ A group of possible pro;ects that is not mutually-exclusive
is likely to be thewfesult oicgn 1£tense energy ‘audit. \
<Pt should be noted that the net present value of an
energy project with an 1rregu1ar’flow of net \cost savings
" can be calculated by simply taking “the prese value of
the net cost savings each year, sumg$ng the , and then sub-

3 \tracting the original cost of the project.

; . A
P h . M ’ N
) . .

\

AN - ’ LT
9 . .

;SHORTCOMINGS OF THE NPV METHOD !
o - - - B S .

2 Genérally, the NPV method is an effective. way ofi reach-
1ng decisions or obtaining 1nformat10n about prospectlve \Z,“

g energy projects. The NPV method does, have one flaw, howevel;

* Whenever the presemt value is ca&e\&ated (and; therefore,
N whenever NPV is calculated), an’ 1nterest rate must be used.
' Unfortunately, mar e than one intérest rate eX1sts in the

economy at any g1ven t1me Ln;addlthn the appllcable )
/ ER L et -
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1nterest ‘rate can be different for different organizations
and ¢an change from time to time for the same organlzatlon.
Oftentimes, the detﬁrmlhatlon of the actual rate to use.

in the discounting process is.a ltng and complex task beyond
the concern of the energy specialist. In actual practice,
the 1nterest rate to use in calculations of the nature de-
scn;,ed in this module often can be obtained from management
personnel. Even so, in many cases it is useful to have

some measure of the nature of an energy project that does

not depend on interest rate. In the next section of this

module, a measure O0f this kifid will be developed. = Commmm ——

“ R L] . .
INTERNAL RATE. OF RETURN (IRR) MFTHOD \
N : &

!

When the 1nterna1 rate-of-return (IRR) method’ 1§/used
to evaluate an energy‘prOJect, the applicable interest rate

does not need to be known. - The known data regarding costs
“and cost sav1ngs are used to calculate a percentage flgure

(rate) that indicates some information about the monetary

effect of 1mp1ement1ng a certain energy project. . . 5

. .
" s e . R

DEFINITION OF INTERNAL RATE OF RETURN :
L * P ' ) - .

.All erergy:projects have associated costs and cost

. savings. (For, a project with no cost — such as turning R
down the thermostat at n1ght in an office bu11d1ng during
,the heat season = it_is said that *cost = $0.) The IRR

\ " method ‘deternines “the 1nterest rate — whi{gh, if.used to LA

dlqcpunt the net cost savings per year back to the-present,
I‘-: . RN '\

190 | ] EE-05/Page 21
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"the folIow1no observation can be made: .

would yield a present value of total net cost savings exactly

equal to.the initial cost of the project. (Whereas the word
"exactly" is-used in the definition, in/actual practice it
is usually '"acceptable' and often '"necessary" to approximate.)
In other words, the iRR of a point.is the particular interest
rate — wnich if used to discount the net cost savings, would
resudt in a net present Value equal to zero. This rate of ‘
return reflects the extent of the net cost savings of the
prOJect as compared to its initial cost. Just as a bank -

account brings a spec1f1ed return on the initial amount de- L

posited, so_ w111 an energy ﬁrojett-generate'some_return‘on
1ts .initial cost. ° The higher the internal rate of return
a prOJect th greater are the aSSOC1ated cost savihgs rela-
tive to the project’ s - 1n1t1a1 cost. Because of this fact;

- -
)

.IRR Rule 1: If an‘*interest rate used to dis-
- count a series of net cost sav-
v \ ings is less than the internal - \\//
- rate of return of a project,
then the net present value of
that project will be greater
than,zero. If the interest °
A X Tate used is greater than the R
: IRR%; then the NPV of the project
will be less than zero. If the
interest rate used is equal ‘to
the IRR, then (by definition)
. the NPV is equal to zero. o *

IRR Rule 1 is easy to understand if the observhtlon
about dlscountrng made in Module EE-02 is understood. The

observation was that the higher the interest rate used to
discount a fixed amount or annuity, the smaller is.its presént’

[

value. .In this case, . the search is being made "for the omne .
'part1cu1ar 1nterest rate that will, when used to dlscount the

‘ cpst savings, result in a present value figure equal to -the

-
hal
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initial cost of the prggect (which implies NPV = 0). . Once
that interest rate is found, incréasing the discount rate
makes the present value of cost savings smaller and, thus,
decreases NPV. Since NPV = 0 when a'gi§count\rate‘equal to
the TRR is used, a higher discount rate results in a net
present-value figure«less'than zero. On the -other hand, a

:eéﬁallef interest rate will lead to a higher present value of
cost savings - w&th the result being a higher net present

“ value. Since NPV = 0 when a discount rate equal to the IRR
is used, a lower discount rate results in a net present-value
figure greater than zero. Phese obsgrvations'are ouflined in
Table 4. X '

=, :
¢ . . ’ .
TABLE 4. EEFFECT OF DISCO;INJ RATE ON NPV°»
Giveﬁ: An. energy project with a spec1f1ed\1nterna1 rate
: X of return (IRR). -
. ‘\/\ '
.~ Interest Rate (1) Use&“h,// ' iMagnitude,
to Discount Cost .| of R
Savings i ’ NPV
[ j ' , A
- > <- IRR i Eﬂl > 0 . T
? = IRR ~{¢ NPV.=0 (by.defiﬁLtion)
¢ . r>IRR. . | NPV O . )
” 3 ' — -
. - - o N
. - o . ’
gy t\ \ ,\z
‘ / o ] "\{, . -
\ /G
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The facts bresentéd in ‘Table 4 have an important.impli- .
cation. .. If the app11cab1e rate of interest (which would be
used to discount cht‘sav1ngs) s ‘less than the 1nternal rate
of return of an energy project, then the NPV*of the prOJect
is greater than zero Therefore, the project.should be im-
plement;} Even though the Televant interest qfte is diffi-
gult to“d

the relevant range of interest rates. For’ exange, suppose

etermlne,¢management will often have’ some idea of ‘

the relevant 1nterest rate is known ,to be somewhere between -
8%-and '14%. ‘In this 1nstance, a pTOJeCt with a 15% or greater
internal rate of return should be rmplemented regardless of

the, relevant interest rate. As long as it is chosen in the -

given range, the NPV of the project w111 be greater than zero.
If the IRR .0f the project falls’ between 8% and 14%, then man-
agement will have to comsider other factors, 1n dec1d1ng

’ wgéther to‘fmplement the project. If the IRR is 1ess than

) %3 the prOJect will never "be undertaken.

Wost*energy prOJect 1mp1ementat10n decisions will be-
made. by Fanagement and not by energy specialists. Because
" of this fact if is often very useful for the specialist to
be.able to dEtermlne the IRR Rf a certaln prOJect and then
dlet management decide what 1nterest rate to use. The primaxy
. toncerns of the energy. SpeC1a115t are the costs and cost sav-

v

1 .
+ . -»

&
CALCULATION OF THE INTERNAL RATE OF RETU?N (IRRX
.,4" ‘
. The\internal rate of return can be calculated easily .
with the use of the Presént Value of an Annuity of $1 TFable
(Data Table 4) The present value of the net cost savings
of an’ energy prOJect is calculated by u51ng this taple when

8 .
L]
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4

the'savings Efevfhe same for each year; otherwise the saviﬁgs
fwould not form an annuity.. The IRR is the interest rate.
wwhich, if used to discount tﬁe\anpuity forméd by the net cost

saviﬂgs; would result in a present-value figure approximately

equal to the initial cost of the‘pfojectl _The foilowing '

- should be remembered: a ‘ L Y
' . ~ N R . 7 ;
Present value 6f _ Net cost < PVIE
net cost savings savings/yr a, )
Equation 6
\ .
Since the IRR results in PV of cost savings. equal to initial ’
cost, Equation 6 can be rewritten as follows:
- - . . -
\ Initial cost _ Net cost  Needed . -
_ - of projegt . savings/yr PVIFa )
\ : - Equation 7
’Z, - . . . " ) ~
This entry in Data Table 4 will correspond to the internal ) .
rate of return.. Notice that Equation 7 can be modified to )
S read as follows: o _— : ; .
. I
. Needed _ Initial cost _, Net cost. " T
PVIF, of project =~ savings/yr " -
) Equation 8 -,
' i
' ° EE-05/Page 25,
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Ueing Equation 8§, detefmine the PVIF, that is needed to re-

“sult in PV of cost saving§ equal to initial cost. Thén lo- ' _:f Y
catef;ﬁe.number in Data Table 4 (in the appropriate time pe- ”:1§&3
riod row) closest tofthe'numbef’found:in Equation 8. The o

)
interest ratevassociated with this number is the approximate a
internal rate of return. The following-example should make
this concept more clear. . S

EXAMPLE G CALCULATE THE INTERNAL RATE ‘OF RETURN (IRR).

G1ven.. The manager of a warehouse is considering the

installation of an a1r lock at the loading door i i
. The size of the door, whxch is used for: rallroad

cars, is 20 ft x 17.5 "ft. The door is qpen‘for
10 mlnutes — 12 times per day — 5. days per week.
The 1n51de bu11d1ng temperature 1s 70°F. The-.
heating. season 1s October — Apr11 (30 weeks)

- "’ The average outside temperature during the heat-
ing season is 38 ﬁ F The air flow vefhcity
'through the open door 1§ 500 fpm. Steam, which
supp11es 960 Btu/lb, ig.used for heating. The
cost of steam is §1. 86/1000 lbs. Conversion ‘
factor: 0.0183 Btu =/1 ft3 - °F. The cost of

the air lock is §$20,000 instaIled. Assume the
11fe of the 315 lock/is 30 years.

Firds .

-
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lEi!hble G.' Continued.

JSolution: ~ Air en;eriné . ' ‘
door = 500 fpm x.20 ft x 17.5 ft

3

!

175,000 .£t3/min. .

Temperature
difference ' . on _ op - o
between inside - 70°F 38i4 F = 31.67F.
“-and outsjide air '
Heat loss ' 175,000 ft° x 1 min x 0.0183
Btu/ft® - °F x 31.6°F"
101,199 Btu/min.

¥

Heatlng cost/ -
min of door 101 199 Btu/mln x 1 1b steam/

. Openlng 960" Btu x $1.86/1000 1p steam
- $0.196/min. 7 - e

)

Annual cost .
savings .

$0.196/min x 12 openings/day X
.10 min/opening X S days/week

X 30 weeks/yr
$35287yr.

Thus, the cost sav1ngs of ,this prOJect for a 30- .
year annuity 1is $3528 per vear. -Now the process
described in the text will be used to.find 'the
intérnal rate of return.. "The initial cost of
’ broject is $20,000, and the: ﬁet cost savings
ear are $3528 Therefore, u51ng Equat;on 8,
e follow1ng is calculated\

. .
a \
R
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Example G. Continued.

' Proper PVIF; ‘ . -
(30 years ?%—) $20,000 = $3528 -

5.6689.

The Data Table 4, observe that the entries in
the 30-year row are 25.808, 22.397, 19.600,

and so on. The entry under the 16% column is
6.1772, and tHe entry under the 18% column is
5.5168. Since the entry needed to make the '
present value of the cost savings equaI to -the
initial investment is 5.6689!; which is approx-
imately one-fourth the difference between 5.5168
and 6.1772 — it can be concluded that the inter-
nal rate of return is approximatel} 17.5%.

7
In the case of Example G, if the relevant interest rate

is’ less _than approx1mate1y 17.5%, the project should be 1m-
plemented. As stressed beforg, however, the'main concern of
the energy specialist sholld be in the determination of costs
and cost savings and the1r uses to calculate NPV and IRR.

This type of data supplled by the energy speC1a115t will -
enable management to make.more effective dec151ons, and an
awareness of the information provided by this 'kind of anal-
'ysis 1is essential to efficient energx use and cost minimiza-
tion. . . .

- . >
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IRR AND AN IRREGULAR FLOW OF COST SAVINGS N
‘ Whenever the cbst savings of an energy project are not
the same each year, then the preceding techniques cannot be
w=. used to determine IRR. In this special case, a trial-and-
error method must be used. The present value of the net cost
savings of each year should be discounted back to the present
and _summed, using various interest rates. That interest rate,
which leads to a total present value of ‘net cggt savings that
is very close to the original cost of the project, is the °
approximate internal rate of return. A good i:}erest rate to
- start with is 10%. If the total present value of net cost
savings is greater than the original cost of the project,
then a Higher.discount rate should be tried.. Conversely, if
the, total présent value of net cost savings is lower than the
original cost, then a higher interest rate should be tried.
This process can-be time-consuming; however, it should take
no more than three or four attempts to find the correct in-

terest rate.

USE OF IRR AﬁD EVALUATION OF MUTUALL¥-EXCLUSIVE PROJECTS
- - t ’

] Aé mehtibned previously, when two or’more‘ ro;ects that
~perform the same function can be implemented, tge one w1th
the higher NPV should be chosen. ‘%nother way to determine
which pro;ect "to 1mp1ement is to calculate .the IRR of each
project. After this is dome, the project with the highest
IRR should be chosen — provided the IRR is high enough to'
justify the expendlture This determlnatlon is expressed as

- s

_follows.

*
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IRR Rule:

Given. a group ef mutually-exclu-

sive projects,

the one with the

highest IRR should be 1mp1emented
provided that the IRR is high
enough to justify the cost of

the project. .
L —

«

COMPARISON OF.METHODS FOR EVALURTING ENERGY PROJECTS

rEach,of the four methods for evaluating energy projects —
capital recovery factor and benefit-cost analysis,

value,
uniqu

internal rate of-return,

/

-§ethpresent

‘and payback period — provides -
information about the project under consideration. A .

comparison of the techniques is presented in"Table 5.

TABLE 5.

e

P2

-

COMPARISON OF PROJECT EVALUATION METHODS. -

Method

.

Needed .Information

+ Result

Capltal recov-
ery factor and
benefit-cost

N

Net present
value

Internal rate
of return

Payback period

Original cost; life:-of
investment; relevant
interest rate.

b
. -

Original cost;
linvestment; relevant
interest rate; net

cost savings per year.

‘net cost savings per
. A
year.

: Origin%cost'; net
cost sayrngs per

year.

‘life of

‘Original, cost; life of

Needed cost savings per
year to recovgr original
investment; ratio that
shows how cost savings
relate to costs: -

How much total present

y value of ret cost savings
exceeds (or is less than)

\\original cost. ‘

‘Interest rate which shows
how net cost savings -re-
late to original cost.

Rough estimate of time
needed to recover ~original

COSt
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The partlcular technlque used for a.given energy con-’ 7)
ser?atlon project will depend on what information is avail-'
Often, more than pne
With :
the techniques presented in the five modules of this course,

able and what end result is required.
fechnique will be used to provide maximum information.

the spec1allst will be able to properly evaluate the economic

Q
E
£

)effects of any energy cdnservation project.
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E;(ERC!SES

\ ® .
An energy specialist 1is examining the possible cost
savings as’sociated with the‘inétallation of on-line *
microcomputer controls to regulate the combustion pro-
cesses in two steel treatment furnaces operaxlng in
parallel. The relevant parameters are as follows:
Each furnace has a throughput of 160 tons/day.
Compute¥r control-will result in fuel savings
of 7%. ‘
The furnaces-:require 1000 -Btu of fuel per pound
of steel treated. ) '
The furnaces are powered by fuel oil that has
an energy content of 138;500‘Btu/ga1 when burned.
Computers of- the type that would be installed
‘have an average life of 8 years.
The cost of purchasihg and installing the com-
puter system would be $148 400.
Assume»the price of fuel oil is §$204barrel.
The furnaces operate 350 days/yr”
The annual'operatipg cédsts would be $17,146.

Find the internal rate*of return. (Consider one
-furnace. )

, Furnace throughpug _ 160 tons/day = 2000 1b/ton

+ of steel/yr i'w x 350 days/yr

112,000,000 1b/yr.

14

- -

Ene;gy use of _ 115 000,000 1b/yr X 1000
prnace Btu/1lb -

e = Btﬁ/yr
Energy savings/yr Btu/yr X

. 0.07 savings use’ )
Btu/yr savings.

~
\ ‘ v
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\?ﬁel 0il saved/yr = é Bﬁu/yr o
' > ‘ a ‘ . 138,000 Btu/gal fuel 01l ‘ -0
) , ¢ = gals/yr. - 7
"t Barrels saved/yr = < - é;ls/yxxv 42. 7
- ' ’ , ':gal/barrel ) _' W w -
. JU = i - barre%?/yr. By '
. Coizu:izéggs/ s *,ibarne¥§/yr -
‘o x $20/barrel = ¢, - - ‘
. . | . T . - L $/yr ::-‘r{' © -
Coppcavingelyr Csiveifunice
. . , . .~ .x 2 furnaces ‘ " ;f
- =N $/yr.
Savinge/yr " S/yr - 817,146,
. . ; operating cost/yr’ ; .
= ., o 8/yr. )

. , }
~ Thus, the cost, savings.of installing tyé micro-
/ computer form an annuity of § - ’ per year

5 o

for 8 years. The“internal rate of. return is the
1nterest rate which, if used to discount this,

". e
annulty, would result in a present value of cost -
savings approx1mate1y equal to $148 400. Flrst =

: - f1nd the entry from'Data Table 4 (the 8- yearzcolumng Co
’ . wh1ch would lead to the folloW1ng equatlon . ‘
. ’ ' ) Needed entry .,"' .,
$4§,400 = § S:;icozﬁ ;X from Data Table 4 :
. o ’ ' ?g y (8 years) - .
- ‘ J - °
\ . : - B
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1 € et &_‘ »
» ‘r .
3
TN _S:), , ' ) . .
’ * . . “t . . ) . ‘(
Needed entry - ‘ . Net cost
from Data Table 4.= §485400 = 7§ - savings/yr

(8 years) - _ y ..

~

~ . .

The interest rate assoc1a ed w1th this energy 1is
T . . % ther&fore, thls is the IRR. )

L 4

‘

‘ ~b. Find the net presenEKValue when the interest rate
C is 8%.. '

{

Present value of - ; ' « gigge%aﬁ?:rz from
v e _“ net cost savings | : (8 years, g%)
, $ X 5.747 . -

td - ’ )
5 : ~
. Net present .= PV of net
value . cost savings o
AN , ' =-$ -~ $148,400 X
° ,' ‘ =$ _ .-‘J' ': 2 :

e * r

. ~

13
b
’

= Initial cest
Cor

"

;:5 c. Find the. pa yhack perio&kwhen the interest rate i§f -
‘ " 8%. . Find the entry in Data Table 4 (in the 8%.

, column) which. makes the PV of ret cost saV1ngs

S equal to §148;400. . - < N e

»
” e ——— . -t

_ . PropeT entry froms
$48,400 = §___ Net’Cost x¢Data Table 4

) . \’" ’ " > . SaVingS/)’I' (89, ? years)
) ‘S0, ‘ T I
.

S 'Preber entry from ; Net cost
T ' ' Data Table 4 -(8% ) $48 400 = § ~ savings/yr
. . ‘. N M . < . . . . e LN
v g The- time=per10d\(n) which has_a.co;respondlng entry

. B I
. ) closest to this. nuhber is - . . 'This is the

LS

’

~

payback perlod in years. o, R

&
O
&S
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Net cost savings/yr
needed to recoup
ori%}nal investment

. "

. Net cost savings/.

. YT needed

F¥nd the capital recovery factor.’

~
" Amount of - Capital
original, X recovery
inyestment  factor
$48,400 x 0.1490
$ ‘ .o

1]

Do, the actual met cost savings pef year exceed
: those needed as- calculated ‘by the capital recovery
factor? What conc1u51ons can e drawn from the

capital-recovery factor anéfy51s7

~

An energy, conservatlon pro;ect with an 1n1t1a1 cost of

RIC-, v (-

2.
- $1000 w111 result in cost 'savings of $400 per year=for ///
~ 4 years. Find the fq110w1ng - . o
' . : ¥ >
- _a. F1nd the 1nterna1.rate of return:
, ’ ) Needed entry from % ~
. Data Table 4° = .
_(given 4 years) - . .
. ) The entry-rate in the 4-year row which comes® ' \\\\\\
' o . Closest to this enftry is ' . The interst '
’ o rate assqciated'with this entry is ‘ .
§ This is is the IRR. : ‘ ’
b. If the interesf/rate is 10%, find the net present
‘ . value. ' J T ) '
/
Entry from
Do e o Nt ao/yr X Data Table 4
\\\ (4 years,,b10%)
. + .= $ X
’ . * . [ 7 = $ \




i . |

NPV = PV of cost savings - PV of costs -
=,$ . _$
=$ . \ t ¢

c. If the interest rate\;}\IU%T/g;nd the payback
period. ' Recdll Equation 7: ) ’

LS O i e cons
(given 10%) cost ,savings/yr
’ g = §> s Co.

! The entry in the 10% column which comes closest
to this number is , and its associated
‘time perfod is . This is the approximate

payback period.
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. DATA TABLE 1. ‘FUTURE VALUE OF $1 (FVIF). .
.r
Perod 1% 2% 3% _ 4% 5% 6% _ T% _ 8% _ 9% W% 12% _M% 5% 1% % 2% 4% _32?&, 2% __ 3%
1 10100 10200 0300 ‘;0400 10500 10600 10700 10800 10900 11000 ! 1200 11400 11500 11600 11800 12000 12400 12800 13200 1 3600
2 10201 10404, 30609 10816 11025 11236 11449 14664 11881 12100 12514 12996 13225 13456 13924 14400 J158376 163814 17424 18496
3 10303 10612 10927 11249 11576 11910 1,22%0 12597  1,2950 13310 14049 14815 15209 15609 16430 17280 19066 20973 23000 25155
4 10406 10824 112585 11699 12155 12625 13108 13605 14116 ) 4641 15735 16890 1 7490 18106 19388 20736 23642 26844 30360 34210
5 10510 »i041 11593 12167 P 1 2/6:1 13382 14026, 14693 15386 16105 17623 19254 20114 21003 22878 24883 2’93|6 9 4360 40075 46526 -
" » N - . Ct
6 10615 ,11262 1194 12653 13401 14185 15007 15869 16771’ 17216 19738 21950 2113! 24364 26996_ 29860 36352 4.3990 52899 63275\
7 10721 11487 "1°2299 13159 140N 15036 16058 17138 18280 19487 22107 25023 2 6600 28262 318% .3 5832 465077 56295 69826 86054
8 10829 11717 12668 13686, 14775 15938 17182 18509 19926 21438 24760 28526 30590 32784 37589 42998 55895 722058 92170 11703
9 10937 1195t 13048 14233 165513 16895 18385 19990 21719 23579 2 1 32519 35179 38030 44355 51598 69310 92234 12166 15916
10 11046 12190 13439 ,)4802 |§289 17008 19672 21589 23674 25937 31 37072 40456 44114 52338 61917 85944 11805 16059 21646
> . i - o ’ .
n 11157 12434 13842 15395 17103 18983 21049 23316 25804 28531 34785 42262 46524 51173 61759 74301 10657 15111 21198 29 439
1”2 1 !268 I268? 14258 16010 17959 20122 22527° 25182 28127 31384 38960 48179 53502 59360 72876 89161 13214 19342 27982 40037
13, I,}GBI 12936 14685 166561 1 88'J§ 21329 24098 271986 J0658 3452) 43635 54924 61528 68858 85994 10699 6_386 24758 36937 54451
14 11495 13195 15§26 172317 19799 22609 2585 29372 33417 37975 4887Y 62613 70757 79875 10 I!U’ 12839 0319 31691 4875 74053
el& 11610 13459 15580 18009 20789 23966 27590 31722 36425 41772 54736 71379 81371 9265 11973 15407 25195 40964 64358 10071
‘ ‘ 0
16 13726° 13728 16047 18730 24829 26404 28522 34259 39703 45950 £1304 81372 93576 10748 14129 18488 31242 51923 84953 136 98
7 11843 14002 16528 19479 22920 26928 31588 =3.7000 43276 50545 68660 92765 10761 12467 1667? 22186 38740 66461 11213 186727
18, 11961 14782 17024 20258 24066 28543 33799 3 47171, 55593 76900 10575 12375 14462 I9§73 26623 48038 85070 14802 25333
19 12081 145689 17535 21068 25270 30256 36165 43157\ 5 61159 86128 12055 14231 16776 23214 31948 59667 10889 19539 34463
20 1 220; 14859 18061 21911 26533 32071 38697 46610 56044 67275 96463 13743 16366 19460 27393 38337 73664 JIJ9J7 25791 46857
\
- -
21 - 12324 15157 18603 22788 27860 33936 41406 50338 61 14002 WB03 15667 18821 22574 32323 46005 91591 178640 34044 657 26
22 12447 15460 19161 23693 29253 36035 -44304 54165 66 81403 12100 17861 21644 26186 38142 55206 11367 22835 44979 866 67
24 12572 15769 19738 24647 30715 3‘8I97 47405 58115 12579 89543 13552 20361 24891 30376 45007 66247 14083 29230 59319 11786
24 12697 16084 20328 25633 32251 40489 50724 63412 791110 98497 15178 23212 28625 35236 53108 ‘79496 17463 37414 78302 16029
25 12824 16406 20938 26659 33864 42919 54274 69185 86231 10834 17000 26461 JZ&QB 40874 62669 ‘95196 21654 47890 10335 21800
, )
26 12953 1673 21568 2.7725 34557 45494 6§8074 73964 93992 11918 19040 30166 37856 47414 13948 11447 2°0§5| 61299 13643 29649
27 13082, 17069 22213 28834 37335 48223 62139 79881 10245 13110 21324 34389 43531 65000 87259 13737 33295 78463 1000 3 4032 2.
28 ¥32¥3 17410 . 22879 29987 39201 S5t117 66488 86271 11167 14421 23883 39204 50065 636800 10296 16464 , 41286 10043 23772 54838
29 13345 17758 23%6 31187 41161 54184 71143 93173 12172 15863 26749 44693 «575J5 74008 12150 19781 51195, 12855" 31379 74580
30 13478 V6114 24273 32434 43219 57437 76123 10062 13267 17 449 29959‘509‘.’;0 (ngll 85 849 MQ:}I 23737 &348! 16455 41420 10143
40 14889 22080 32620 48010 70400 10285 14974 21724 31409 45259 93050 18888 26786 37872 75037 14697 64559 19426 66520 - '_
50 16446 26318 458.‘]9 71067 11467 18420 29457 46901 74357 II7;)9 2000 70023 10036 l§707 392/9 91004 46890 . . .
60 18167 32810 ,58916 10519 16679 32987 l57 946 10125 17603 30448 89759 25959 43839, 73701 20555 56347 . L) . .
. . : . : *FVIF > 99,999
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DATA TABLE 2. PRESENT VALUE OF §1 "(PVIF), .

b .

S T
1

. -

Period 1% 2% 3% 4% 5% 6% 7% 8% . 9% 10%  12%  14%  15%  16%  18% ( 20% 24% 28%. 32{. 36%
— 0 i 2P e Tl { e SR TR, T 0

' 1 9901 8804 9709 9615 9524 .9434 9346 9259 9174 9031 8929 8772 8696 8621 .8475 6333 BO6S 7813 7576 7353

\ 2 9803 9612 9426 9246 9070 8900 8734 8573 847 8264 7972 7695 7561 7432 J182 6944 6504 6104 5739 5407
* - 3 9706 9423 9151 8890 8638 8396 8163, 7938 7722 7513 7118 6750 6575 6407 6086 5787 5245 © 4768 4348 3975°

' 4 9610 9238 8885 8548 8227 7921 7629 7350 7084 6830 6355 5921 6718 5523 6158 4823 4230 3725 3294 2923

' 5 9515 9057 .8626 8219 7835 7473 7130 6806 6499 6209 5674, 5194 4977 4761 4371 4019 3411 2910 2495 2149°

v

6° 9420 8880 B375 7903 7462 7050 6663 6302 5963 5645 5066 4556 4323 4104  3704° 3349 2751 2274 1890 1500

7 9327 8706 8131 7599 7 W7 6651 6227 5835 5470 5132 4523 3996 3759 3538 3139 2791 2218 1776 1432 1162

8 .9235. 8535 7894 7307 6768 6274 5820 5403 5019 4665 4039 3506 3260 3050 2660 2326° 1769 1388 1085 0854

9 9143 8368 7664 7026 6446 5919 5439 5002 4604 4241 ; 3606 3075 2843 2630 2255 1938 l443‘ 1084 0822 0628

7 10 9053 8203 7441 6756 ' 6139 5584 5083 4632 4224 3855 3220 2697 2472 2267 1911 161 1164 0847 0623 0462

11 B963 8043 7224 6496 _5847 5268 4751 4283 3875 3505 2875 2366 2149 1954 16197 1346 - 0938 0662 0472 03410

X ' 12° 8874 .7885 7014 6246 5568 4970 4440 3971 3655 3186 2667 . 2076 18690, 1685 1372 1123 0757 0517 .0357 0250
. 13 8787 7730 6810 6006 5303 4688 4150 3677 3262 2897 2292 1821 1625° 1452 1163 0335 0610 -0404 0271 0184,

. . 14 8700 7579 6611 5775 5051 4423 3878 3405 2992 %2633 2046 1597 1413 1262 0985 0779 0492 0316 0205 0135

15 8613 7430 6419 * 5553 4810 4173 3624 3152 2745 2394 1827, 1401’ 1229 1079 0835 0649 0397 0247 0155 0099

. 4 « i

16 - B528 - 7284 6232 5339 4581 5936‘ 3387 2919 2519 2176 1631 1229 ‘\|069 0930 - 0708 0541 0320 0133 0118 0073
« 17 8444 =7142 .6050 5134 4363 3714 3166 2703 2311 1978 1456 1078 0929 0802 0600 0451 0258 0150 0089 0054
— ' 18 8360 <7002 .5874 4936 4155 3503 2959 2502 2120 1799 4300 0946 0808 0691 0508 0376 0208 0118 0068 0039
19 8277 6864 .5703 4746 3957 3305 2765 2317 1945 1635 1161 0829 0703 0596 0431 D313 0168 0092 0051 0029
200 8195 6730 5537 4564\ ?769 31187 2584 2145 1784 1486 1037 0728 0611 05147 0365 0261 0135 0072 0039 0021
25 7798 6095 4776 3751 2953 2330 1842 . 1460 1160 0923 (588 0378 0304 0245 0160 0105 0046 0021 0010 0005 .-
30 7419 5521 4120, 3083 2314 1741 1314 0994 0754 0573 0334- 0196 0151 0116 0d70 . 0042 0016 0008 0002 0001

-

. 40 6717 4529 3066 2083, 1420 0972 0668 0460 0318 0221 0107* 0053 0037 0028 0013 0007 0002 0001 * *
m " 50 6080 *3715 » 2281 - 1407 0872 0543 0339 0213 0134 0085 0035 0014 0009 0008 0003 0001 * * * *
tm 60 5504 3048- 1697 .0951 0535 030 0173 009§ 0057 0033 0011 0004 0002 0001 ) e * e R * *
’ 6 K 1 . . . . *The lacto’b 2610 to four docimd places
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to DATA TABLE 3. SUM OF AN ANNUITY OF $1 (FVIFa) . .
O N . -
w S . s . - B
Number of * .
Periods 1% 2% 3% 4% 5% % 77?_ 8% 9% 10% 12% “% __'15_'7:____10% 8% 20% 4% ._ZLV:__'IZ%__!._%_
B > 1 10000 10000 10000 10000 10000 10000 10000 10000 “10000 10000 10000 10000 10000 0000 10000 .10000 10000 10000 10000 {0000
2 20100 20200 20300 20400 20500 20600 20700 20800 20900 21000 21200 21400 21500 21600 21800 22000 22400 22800 23200 2 3600
- .3 30301 30604 30909 31216 31525 31836, 32149 32464 32781 33100 33744 J4196 34725 I 5056 35724 36400 37776 39184 40624 42096
4 40604 41218 41836 42465 43101 43746 44399 45061 45731 46410 47793 4921} 49934 50686 62154 63600 56842 60156 63524 67251
5 51010 52040 53091 54163 5525¢ 56371 57507 58666 59847 6105! 83928 66101 67424 68771 71542 74416 80484 66999 93983 10148 .
6 6 ;520 83081 64684 66330 66019 69753 71533 73359 725203 77156 81152 85355 87537 89775 94420 99299 ﬂ|0980 12135 13405 14798
7 72135 74343 76625 78983 81420 83938 86540 89228 92004 94§72 10089 10/30 11066 11413 12141 12915 14615 16633 18695 21126 ' ‘
8 82857 8 88923 92142 95491 98975 10259 10636 11028 11435 12299 17232 13726 14240 15327 16499 19122 22163 25678 29731
9 93685 97546 10159 106582 11026 11491 11978 12487 13021 13579 14775 16005 16785 17518 19085 20798 24712 29369 34895 41435
. _ 10 10462 10949 11 463 12006 12577 13160 13816 14486 15192 15937 17548 19337 20303 21321 23521 25958 31643 38692 47061 57351 )
) N ‘ . * ~
" 116566 12168 12807 13486 14206 14971 15783 16645 17660 18531 20664 23044 24349 25732 28755 2150 40237 50398 63421 78998 R
» 12 12682 13412 14192 15025 159017 16860 17888 18977 20140, 20384 24133 27270 -29000 30850 34931 JI9580 50694 65510 84320 10843 .
13 13809 14680 15617 16626 17713 18682 20140 21495 229537 24522 28029 32068 34351 36786 42218 48496 64109 84852 11230 14847
14 14947 15973 17086 18291 19698 21015 22560 24214 26019 27975 32392 37581 40504 43672 50818 59195 B0496 10961 14923 20292
. 15 16096 17293 18 20023 21578 23276 25129 27152 29360 31772 37279 43842 47680 51659 60965 72035 1008) 14130 19799 27697
. .
.
16 17257 18633 201 21824 23657 25672 27688 30324 33003 3I5NMI 42753 50900 55717 60925 72939+ 87442 128601 18186 26235 37769
17 18430 20012 _2176) 23697 25840 28212 30840 33750 36973 40544 48883 59417 65075 71673 87068 10593 15726~ 23379 34730 {1466
—_ 18 19614 21412 23404 25645 28132 30905 33V I7450 41301 45599 55749 68394 75836 84140 10374 12811 19599 30025 46944 70093 .
19 20810 22840 25116 27671 30539 33760 973719 41446 46018 5|.l59 63439 78969 88211 98603 12341 15474 24403 38532 60747 95427
20 22019 24297 26870 29778 33066 36785 40995 45762 51160 57275 72052 91024 10244 11537 14862 18668 30360 49421 80286 12988
N 5‘! 23239 25783 28676 31969 35719 39992 44865 50422 56764 64002 81698 10476 11881 13484 17302 22502 37748 63369 10607 17673
: 22 24471 27209 306538 34248 38505 432 49005 55456 62873 71402 92502 12043 13763 T 15741 20634 27103 46905 81199 14012 24048
: .23 25716 28845 32452 36617 41430 46935 53436 60893 69531 79543 10460 13829 15827 18360 24448 32623 68262 10403 1859€ 32713 -
- 24 26973 30421 34426 39082 44 502 50816 176 66764 76789 88497 11815 15865 16416 21397 28949 392 48 72346 13326 24438 44499
' ~ 25 28243 32030 36459 4.1 645 47727 54864 249 73105 84700 498347 13733 18187 21229 24321 34260 47198 89309 ‘175)68 32268 6052 9
4 -
26 29525 33670 38553 44311 51113 59156 $8676 79954 93323 10918 15033 20833 24571 29008 40527 56737 11146 21857 42604 82330
> 27" 30820 J53447 40709 47084 54669 63705 74483 87 350 J0272 12109 16937 23849 28356 33750 47922 68185 13831 27987 56247 111979
~ \, 28 732120 37051 42930 49967 58402 68528 80697 95338 1129 l?d 20 19069 27288 32710 39250 56648 81922 17160 35833 74256 152302 \
* ’ﬁ”‘; 33450 38792 45218 52966 62322 73639 873%6- 10396 12413 14863 21458 31209 37716 45630 66944 98406 . 21289 45876 90029 207141
‘ 2 - J4784 40568 47576 56084 66438 79058 ‘94450 11328 19630 186449 24133 35678° 43474 53011 79094- 11818 26409 56732 12940 281722 .
1 . . - N B
~ ‘i * 40 , 48886 60402 75401 95025 12079 “ 15476 19063 25905 33768 44250 76709 13420 17790 23607 41632 73438 22728 6937F . ° * -
50 64463 84579 ‘11279 15266 20034 29073 40652 57376 81508 11839 24000 49945 72177 10435 21813 45497 ¢ * * *
- i 60 81669 11405 16305 23799 55358 53312 81352 12532 19447 30348 74716 18535 29219 46057 * * * * * *
.o ; *FVIFA > 99,999
oo - B . .~ A -
' \ . 2 2 l 1
. 5 N T N T \Q ) v
‘ :\\.{“R ’ ’ . ‘ - '
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DATA TABLE 4. PRESENT VAL

<

»

UE OF AN ANNUITY OF $1 (PVIF,).

S
\ 7—— .
~ AY
""" . Numbes of . )
payments 1% 2% I% 4% $% 8% 7% % 9% 10%+ 12% % 15% 16% 18% 20% 4% 28% 2%
N L PP . SRR A |+ S o L S - <
1 099501 09804 09709 0%I15 09524 09434 09346 09259 09174 GUON 08929 08172 0 8696 \08621' 08475° 08333 ? 08065 07813 07676
- 2 19704 19406 19135 1861 18594 18334 18080 17633 17601 17355 16900 16467 16257 T6052 16666 16278 14568 13916 1338
3 29410 28839 28286 27750 27232 26730 26243 25 25313 24869 24018 223216 22832 224569 21743 21065 19813 18634 17683
4 39020 38077 3NN 36299 35460 34651 33872 Inn 32397 31689 30373 29137 28550 27982 (26901 25887 24043 22410 20957
5 48534 47135 46797 44518 4 3205 4'2.|24 41002 39927 36897 37908 36048 343N 33522 32743 31272 29906 27454 26320 23452
! 6 57956 66014 54172 §2421 50757 49173 47665 46229 44659 43550 41114 38887 37845 36847 34976 33255 . 30205 27894 26342
- 7 . 61282 64720 . 62303 60021 57804 56824 ., 53893 42064 50330 48684 .45638 42883 41604 40386 381156 36046 32423 29370 26775
8 16517 T3 10197 67327 6 4632 62098 59713 57466 £5348 53349 49676 46869 44873 43436 4 0776 38372 34212 30768 27860
. 9 85660 81622 7 7861 74353 71078 68017 6£5152. 62469 5? 67590 & 3282 40464 47716 46065 43030 40310 35656 31842 2 8681
10 9471 89826 85302 81109 77217 7 3601 70236 67100 64177 6yg446 5 2 52161 50186 48332 44941 471926 36819 32689 29RM
. , .
»
h] 103676 | 97668 92526 87605 8 3064 78808 74987 713% 68052 64951 64527 6£2337 50286 46560 43271 . 37757 33381 29776
12 112650 105753 99540 938w 8633 83838 79427 75361 71607 68137~ 56603 54206 51971 47932 44392. 38514 33868 30133
13 121337 113484 106350 99856 93936 88527 83577 79038 [ 74869 71034 58424 55831 63423 4b095 45327 38124 34272 30304
14 130037 121062 112960 106631  9BYLE 92950 B7455 42442 \ 77862 73667 60021 67245 54675 50081 46106 39616 3\4537 3 0609
15 138651 128493 1;9379 N8 1023292 97122 9079 85595 80607 + 26061 6 . 61422 58474 ‘5 6755 50916 46755 40013 34834 30764
- .
16 14179 135777 125611 116623 10 8378 101059 94466 88414 82126 78237 69740 62651 59542 56685 51624 47296 40333 315026 30882
17 195623 14219 131661 12 1657 1,2241 104/ 9763_2 91216 85436 80216 7119 3729 60472 5748) 62223 47746 40591 35177 3097
18 163983 149920 137635 126593 16696 108276 10 0591 93719 87556 .82014 7244) 64674 61200 58178 62732 48122 40799 35294 31039
9 172260 156785 143238 - 13 1339, 120653 111581 103356 * 96036 89501, 83649 23658 656504 61982 58775 53162 48435 40967 35388 31090
20 180456 163514 14877 135903 124622 1140699, 0 5340 9By 91285 85136 74694 66231 6259) 59288 53527 48696 41103 ?W 3129
25 22 02‘32 195295 1740310 156221 140039 12 7834 116536 106748 98226 90770 78431 68729 6464) 60971 654669 49476 41474 35640 31220
« 30 258077 223966 198004" 172920 1537245 137648 124090 112578 102737 94269, 80552 70027 E%6G0 61772 65168 49789 41600 25693 31242
- © 40 328347 273555 23 1148 19798 17 I!)‘JI} u,b-m;n 133317 119246 10 /574 97791 82438 1050 66418 62335 65482 49968 41659, 316712 31250
50 91961 314236 257298 214822 182549 157619 138007 122335 109617 99148 83045 71327 66605 62463 55541 49995 41668 35714 ‘31260
60 249550 M 7603 276766 226235 189293 16 1614 140392 123766 110480 99572 83240 71401 ‘66651 0‘2402 56553 49999 41667 365714 31260
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GLOSSARY

-.' \_/ .
Bemefit-cost:§hmid? _Aétual net cost savings per year, di-,
~vided by the net cost savings per year needed to re-
cover the investment. ~ .
2 i .

- dhpital recovery factor: A number indicating’ the percentage
of an investment's original cost that must be generated
edch year in net cost savings to recover the original
cost. - ' ‘

, . AN

"Internal rate<of return: The interest rate that causes NPV
to equal .zero when used as ardiscount rate.

t

EMutually-ex%’lusive:- Projects .that perform the same function.

¢

e . .t . . X
Net cost savings:. Cost savings per, year minug cCOst per year.
PUE. b ~ v : ’ ©
Net present value: The present valué_ of Cost savings minus
the present value of costs.

Rt

Original project: An energy-related system that performs. a
_ function for the first gime for a given business.

F .

The length. of time required to obtain net
equaly to the initial investment.

¢

Replacement project: A cbu;se-of action that changes or
"modifies an energy-related system-already "in use.
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