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ABSTRACT

Skis course in energy economics is one cf 16 courses
in the Energy TechnologY.Senies developed for an Energy

t Conser;vation-ancl-Use Technology curricului4 Intended for use in
two-year pobtsecondary'technical institutions to prepare technicians
forqemployment, the courses. are also useful in industry fcr updating

° :employees in campany-sponsored training programs. Comprised of five
modules, the course is designed to familiarize the student with the
energy-cvserving and-cost-saving measures that are available, as
well as the' analysis techniques that ale necessary. fcr accurate
evalUa'tion of energy projects. 'Written by a t chnical expert and
aPpro:ied by industry representatives, eaCh modu e contains the

. following elements: introduction, prerequisites, objectives, subject.
matter, exercises, laboratory materials, laborat ry procedures
(experiment section for hands-on portion), data tables (included in
most tasic courses to help students learn to c llect or organize'
data), references, and glossary. Module titles are Eundkmentals of
Energy Cost Analysis, Financial Parameters of Energy Ecictomics,

..Financial Techniques of Eneigy Economics, Economics of Inergy
Alternatives,natives, and_Economic Analysis and Energy Consirv.ation Projects.
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PREFACE
,

-ABOUT ENERGY TECHNOLOGY MODULES

I

The Modules were developed by TERC-SW for use in two-year postsecondary technical

institutions to prepare technicians for employment and are useful in industry for

up-dating employees imcompany-sponsored training programs. The principles, techniques

and skills taught in the mottles, based on tasks that energy technicians perform,

weye obtained from a nationwideiadvisory committee of employers of energy technicians.

Each, module was written by a technical expert and approved by representatives from

industry.-

,A module contains the following elements:

Introduction, which identifies the topic and often includes a rationale for,

studying the material. 0

Prerequisites, which identify the material a student t'hould be familiar

with before studying,the module.

Objectives, which. clearly identify what the student is expected to know for

satisfactory module completion, ,The objectives, stated in terms of action-

oriented behaviors, include such action words as operate, measure, calculate;

identify and define, rather than word's with many interpretations, such as know',

understand, learn and appreciate.

Subject Matter, which presents the background theory and techniques supportive

to the objectives of the module.. Subject matferis written With the technical
.

student in mind.

Exercises, dhich prowide practical problems to which the student can apply\ttis

new knowleyd e.

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

courses to help the student learn how to collect and organize data.

References, which are included as 'suggestimJfor'supplementary

for the student.

Glossary, which defines:and explains terms or words used within the module that

are uncommon, technical, or anticipated as being unfamiliarto the student.

3
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ENERGY 'ECONOMICS

INTRODUCTION

In tecent 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.

U.S.NATIONAL AVERAGE PRICES

OF DIFFERENT SOURCES OF ENERGY IN RECE4 YEARS.

Year
Residential Heating

Oil (* per gal)

-

Gasoline
(* per gal)

.

Residential
,

Electricity
(* per kWh)

1973 28.4 38.8 2.38

1976 41.1 58.6 ' 3.45

197,7 , 45.2 '62.6 4.03

1978 .
48.0 64.6 4.10

1979. 64.2 81.2 .4.21

.
.

,

Energy users are beginning to realize that some soures

of energy, such as oil and natural gas,, are going to be

more difficult and more expensiire to find and produce. As

- a result, there is an increased interest in finding ways

to reduce energy us Whenever energy use..is reduced, it

://

is said that energy has been conserved.

Too much of a reduction of energy use,, however, can

produce adverse effects. Fdr example, it might be acceptable

to raise- the temperature in an office blinding by 5°F during

N
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the dueling seas on in order to reduce energy use. The result,

of course, would be that the energy-using cooling unit would

turn on less frequently. 'an 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
4

become-uncomfortable. In this"case, work effectivenesi

would suffer and the energy conservation measure would not

be wise. Thus, every energy conservation measure should
%

be analyzed to determine exactly how much energy it will

save and what its, total effects will be.

The energy specialist can increase the financial well-
.

teing of an indiv\dual or an organization by analyzing and

implementing methods for decreasing the amount of money
.

tht is spent for energy. Many opportunitiesto reduce

. energy costs 'require that money be spent for energy-sairing

devices. For example, typical'Aevices-include insulation

or a microcomptiter that- will control- room 'temperatures.

Rowevere the cost of the project must be compared to the

energy saving it iight generite. This, and other such

similar tasks, is the job of an energy-speciailist.

Energy Economics is .a course designed td familiarize

the student with the energy- conserving and cost- saving mea-

sures,that are a'valiable, as' well as the ana]ysis.techniques

o
-that are necessary for accurate evaluation of energy Trojects.

The course contains the following modules:
.

,Module ,"Fundamentals of Energy Cost Analysis,"

introduces the student to some of the fundamental Principles
4

of economics and shqws fiow these principles can be applied

to energy conservation and use. Because analyses must be

made of the long4range economics °benefits realized in energy

-conservation Projects with regard to\their costs and the

cost savings they gtnerate, different kinds of costs are
:'

4



4defined, and an expliiiationdS given of hoW price is- deter-

mined.

Module BE-02, "Financial Parameters of Energy Economies,"

introduces the student to several fundamental techniques

used to analyze the costs and cost savings of energy projects..

.The important relationship that exists between time and

money is explained in this module.

Module EE-03, "Financial Techniques of Energy 'Economics,"

discusses analysis techniques that apply primarily to recur-
._

ring costs and cost savings, with particular emphasis on

Thewhenand how often these costs and cost savings occur. e

distinction between recurring and one-ti.me costs was made

(in previous modules. With the skins th'at can be learned

from the study 'o f this module, -the energy specialiswill

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

an' important consideration in energy projects.

-Module EE-04, "Economics of Energy Alt6rnatives," intro-.

duces the student to several factors that can affect the

actual level of the costs and cost savings of energy projects.

Often the actual level is not what it initially appeafs 0 .

to be. yhe prbcess of borrowing money to,ffnance an energy

-projct is discussed, and the impact oncosts is demonstil'ated.

Taxes and their effect on costs and cast savings are explored

in this module, as well as the concept of life-cycle costing.

Module EE.-05, "Economic-Analysis and-Energy Conservation

Projects,;' presents selleral techniques that are used in

the analysis of ways in which ,costs and cost. avings of

.energy conservation projects are- related, The ,calculations

invokved in these techniques are explained and demonstrated.

The information needed to perform each Calculation and the

results of each calcuiationNre emphasized as well as-when

each Method should be used. With these techniques, the
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energy specialist should be able to analyze .accurately the.

economic effects of most energy conservation projects or

group's of Projects.

a
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INTRODUPTION

There are two maYor2resons ifor'reducing 'energy use:

one is to conserve available energy resources; such as oil,

natuial us, and so forth; andthe other is to 'save'money.

Energy'svings can be accomplished in af least three ways:

1. By changing organizational procedures,. such is working

hours, or personal habits, such as lowering the "setting'

on a thermostat for controlling building heat in the

winter.

2. ,By modifying an.existirig building, such aS adding

storm windows, or changing techniques on new buildings,

such as ncreasing wall or &ening insulation.

3. By replacing or modifying equipment used for produc-
.

tion and/or building climate contrql. . *
.

"r Although these methods may result in an immediate savings

of energy consumption, 'they frequently require increased
<

cc-o is to alter,designtechniques and74or organizatiqnal pro:

ures. Because, of the facts, an analysis must te made

of the'lon0ange economic benefits.realizedin energy, con-,

servatiod projects with regard to their costs and the:cost

savings they generate. ---- '.

This module. introduces tha student to ,some of the funda--

mental prilkiples of" economics and shows how these, principlei

can be applied to energy conservation and use.* Different

Winds of costs are d-4.ned, and an explanation, is given

of howpi-ice is determined.

t,

y
PREREQUISITES

The student should'have a good'Understanding 'ST basic

algebraicfanctions

EE-01../Page 1



OBJECTIVES

a

1.24

Upon nlcompletion of this,module,:t-he Student should be

able to:

1. Define-the following terms.:

a. Profit.
f

b. Total revenue.

c. Total cost.

d. Profit maximization-

e . Cost minimization.

. 4 f. Energy economic.

g. Indirect cost.

h. Direct cost.

i. One -time- st.

j. Recuri ng c st.

k. Efficiency.

l. Economic efficiency.

m: Free market.

n , Supply.

o. Resdurce,

p. Demand.

A. Market price.

. Tra.Kginal cost.

s. Marginsal cost savings.

2'. 'Distinguish between the following kinds of costs:

a. Direct and indirect.

b. ane-time and recurring._

3. Given the proper`rope information, determine the following:

a. Market supply.

b. Market demand.

c. Market price.

4% Deternij.ne the effect of any' change in total revenue

and/or total cost on profit.

Page 2 /EE -O
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Examine.energy conservation projects and energy -using

sygtems for economic efficiency.

6.. 'Determine the effect of'chang s in supply and/or demand

oh market price.
-1

7. Use marginal analysis, (when

how much should be spent on an energy conservation

appropriate) to determine

projecti.

r

1

13
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SUBJECT MATTER

BUSINESS FIRMS AND ENERGY CONSERVATION-

The primary goal of most .businesses4s to make money,,

The money-making process,usaally involves a number of factors,

that must be consider-ed: Many of these considerations also

can apply, to individualskor to organizations, having o'her

goals (such as'non- profit organizations whicir will be

discussed later). By applying conservation techniques in

those areaswhere energy is used improperly, the energy

specialist can help a buSiness achieve its\K15.ryeal.

PROFIT, REVENUE, AND COST

The amount of money a business makes is its profit.

Profit is defined as "the amount of moyey people pay atusii.

ness for the goods or services it sells (total revenu ),

minus the amount of money the businesmust.pay out in operat-'

ing expenses (total cost)." In other words, when a business

sells somethig, the money it receives is revenue; when

it buys. something such as the electrictyfor the building

or the labor of an employee, the mPneydt spends is a cost.

The purpose of operating a business is for the business .

. -

to receive'more in revenue than it spends in costs; this

difference: is called. profit. The mathematical definition

of profit iS given by Equation 1:

7 = TR TC

14 .

Equation 1

EE-01/Page 5



where:

=, Profit.

TR:= Total revenues (the amount a business receives

from selling goods or services).

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

tinue its operatiohs).

"'This Mathematical-definition points out several impor-

tant aspects of.p,rofit: (1) profits can have a Tositive,

negative,,or zero value; (-2),profits can be increased by

increasing total revenue, decreasing total cost, increasing

revenue more than increasing cost, or decreasing cost more

than decreasing revenue; and (3) profit maximization occurs'

yhen.the difference between total revenue and total cost

is the greatist.., The relationship among these three amounts

is given in Table 1.

Most business' firms, in the United States today have

a level of profit that is greater than zero. 'A firm with

neg tive profit is losing money it is spending more than

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

of two things: (1) change revenues and/or costs so profit

is no 1 nger less thln .,zero, :or (2) go out of business. Many

firms can and do .lose money for a brief-period of time,

but they must show a profit eventually or ,go out of business.
4

Wm 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 impact on revenues. What

a firm makes to sell, the quantity it makes, and the price

it chA'rges are decisions'made by management personnel and,

therefore, should be .of little concern to the energy- special-

ist. Cost considerations are another matter.,. By helping

the firm Adnimize the amount of case it must spend to stay

r

-Page 6/EE-01 15
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TABLE 1. CORRELATION BETWEEN PROFITS,
REVENUES, AND COSTS:

(

,

t TR .4-÷ TC

-4 TC .4-÷ TR

t TR '> t TC

-4 TC > 4. TR

-

-4 TR -4.-+ TC

t TC -4.-+ TR

- 4 TR . > 4 , TC

+1C > t TR

-

A

t .11

t .11
--.......--

..ok

t .7

.., 4

-4 .11

-4 .11

+71-
4. 7

.

0

.+ TR = t PC

t TC = -4 TR

TR = Total Revenue

y''TC = Total Cost

71 = Profit,

t = Increase -

t

-4+ 71 .

4-4. 71

-4 = Decrease,

4-4-,= No Change

> = Greater than
4

o

,

:,

2

/ .

. .

RI business, the enertly specialist-can help the firm. make

a larger profit. This is called cost .minimitation. The

, energy specialist. can help a firm minimize costs in the*

'following ways:

? By determining which particular methodfof

accomplishing a certain task (such as illum-

inating a_bialding) will use the least energy

and, therefore, cost the Least amount of money.

,

16
EE-01/Page 7
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By spOtting and evaluating ways to conserve .

in systems already being utilized.

MEASUREMENT OF ENERGY CONSERVATION

All efforts to reduce energy use must be measurable

by some common unit so various energy-saving alternatives

can be compared.' That common unit is dollar!s. Whereas

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

the'conversion of all energy savings to dollar figures makes

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

Thas'energy economics can, be-defined as "the dollar comparison

between various en(rgy conservation alternatives to determine

the'extent of energy savings (reduced costs) that each alter-
,

native will prodie in relation to the dollars- expended

to put the alternative in place."

INDIVIDUALS AND NON=PROFITORGANI;ATIONS

'%The principle of cost minimization.also can be applied

to individuals and to ndh-profit organizations such as churches,

hospitals, and schools. In-the case of an individual, the

less money spent on,energy, such as for electricity or for
NO

lasoline, the more money there is-to spend on something

else., A non-profit organization usually exists to perforin

some type of service, .such as in medical care or in education.

The less money such. an organization must spend on energy,

the more money it can spend to provide its services. In

eithet case, keeping energy costs as lew as possible is

desirable; therfore, the energy specialist's goal is always

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

Page 8/EE-01 17



TYPES OF COSTS

.

Energy, in most'cases, does not have the same demand-

_price relationship as other products. With government regula-

tion and price control;cost is not totally due to"market-

demand. Increases' in electricity cost is not. reflective

of increase demand, but due to fuel conversion, pollution

control, increases 4p fdel'costs,, and other outside factors.

Any device, equipment,. or system that uses energy will

have an initial purchase cost and,'In most cases, an opera-

tion cost. A heating, ventAating, and air conditioning

(HVAC) system will cost a certa'n amount to purchase and

install; then energy and maint ance costs will have to-

be paid to operate thesystem: -Quiteoften, an energy -

conservation Pr(hect will also thive_antinitial implementation

cost.
.

Cost. can be classified as direct costsor indirect

costs.. Direct costs are. those that.involve the actual spend-

ing of money. For instance, when money
.
is 'spent to buy

solar panels for a house, the moner5rent:iis a direct cost.

An indirect cost Is incurred when a business or individual

performi a task rather than paying to,have.it performed.

- Suppose an individual installs a sOlafwater-heating system

rather than hiring an HVAC contractor to do the job. Even

though the individual does not pay'rOlsibstall ',9:1g system,

-there is still a cost involved since' the individual' could

be earnings,money during the time used to install 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.t compu e than direct costs; neverthe-

less,fhey are importan.and s ould be considered.

Vt.

18
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Direct costs can be categorized as folltiws: one-time

costs and recurringcosts. A one-time cost is exactly what

the term implies something that isspaid just once. The

purckase price of a'new light fixture is\an exampla of a

one-time cost. Re rring costs are costs that-are paid

on a regular basis ver 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 different systems, so the energy specialist should con-

sider each situation carefully and classify each cost properly.

EXAMPLE_A: TYPES 0F. COSTS.

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

of a building for. a heating and cooling system:

a. Filters

,b. 5-ton cooling system

Duct work

d. Belts

e. , Gas urnaces and evaporative coils

f,_ Irista lation slib * ring

g. Salaries of mdintenance,personnel

h. Cast of power: electricity and naturaj. gas

Find! Whether the preceding costs are One-time or recur-

ring.

Solution: One-time costa:

a. 5-ton cooling system

b. , Duct work

c. Gas furnaces and evaporative coils

d. Installation slab wiring

. Page 10/EE-01
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Example A. Continued.

Recurring costs:

a. Filters

b. Belts

c. ',Salaries of maintenance personnel

d. Cost of power

AR

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

involve a single purchase, whereas the r4turring costs,iould

involve several purchases 4--s time elapses, for example,

as belts wear out they must be replaced, fuel bills must

be paid 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

ECONOMIC EFFICIENCY

The laws of thermqpnamics state that there is a limit

to the amount of heat that can be transferred or work that

can be do" by a quantity of energy. How well a systeM

uses energy is its efficiency. One thermodynamic definition

of .efficiency is given in EquatiOn 2 below:

Energy transfer (Of a desired kind)
.)achieved by a device.or sys,.tem

E Equation Z.
Energy \input to the device or system ,

where:

E = The efficiency of the device or system.

20
EE-014Page 11
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The more efficient a.system is in performing its func-

tion, the. less' energy it uses; therefore, one way to reduce

.energy use is to increase energy` efficiency. Combustion

processes in industry are'sometimes quite inefficient, and

corrective 'measures, such as Installation of a.mictocomputer

system to monitor combustion, can increase efficiency.

The concept of efficienty is extended to energy economies

as a simple extension of thermodynamic efficiency*.(whach

accounts for the cost' of energy). The 4.efinion of economic

efficiency is illustrated in the following equation:

Energy transfer (of a desired kind)
ma,E = achieved by a device or system

econ Equation 3
Dollar cost of energy input to the

device or system "

where:

E econ
= The economic efficiency of a device or system,.

iffeience between thermodynamic efficiency.and

ec.onb ic efficiency is important. Consider two heating,

syste s: oie that is powered by natural gas and another

by he ting oil., The therTdynamic efficiency 'of `the two

sys ems might be equal (that is-, the amount of heating is

accomplished' for .each Btu of energy input),; but if one fuel
e

- costs more than the Other, the econbMic7ffi,,ciencie; would

be different. Whez all variables are-equal (such,as avail-

ability of fuel) the system with thehighest economic effi-

ciency should be used. If two systems' tse the,siMe kind

of energy,, then the system that is more thermodynaMically

effitient will be more economically efficient.

Page12/EE-D1 21
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DETERMINANTS-OF PRLCE

When considering the,costs of an e4rgy-using'system

or of an energy conservation'uOect:suA as insulating

'a home, it is very useful to knoiw how costs are determined.
.

Any cost is. also a price the puce ofoghatever a business

or 'individual buys with respect to the-projecor system.

'In the Un\ited States, priees are determined infree mat'kets.

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

something and people who want toe2,14the same thipg commun-'

abouticate .with each other and bargain b,the ppiee. The ,

price agreed upon is the price of the product: In most.

'markets there are a large number of buyers and sellers,

and a great deal of ,'shopping around" usually tikes plac .

The bargaining process can be 'seen in two forces: (1) the
.

. .

supply of -.a product by the people.who want to sell it;,and :

(2) the demand far a product by pedple Who. want to buy 4t.

. To make the explanation of supply and demand easier
IS 4' -

'..--

to I understand, one situation will, be Used throughout.
This-

situation is the supply of and ,demand for gasOline 'in the
,

LUnited States. ' %,A .

I

SUPPLY ,
4. 0 a.

Thesupply.of a product is a function of how much pro-
, durcers of the product will sell 'at each of a number of dif-

ferent prices. In most cases', people mlill not want tOsell

the same amount of something if its' price. changes. The

relationshil6,etweensprice and the amount people will offer', .

fer4Lsale (the quantity supplied) is ,a dired't one.. le ,

will want to,sell more at higher prices; in other words,

O
EE-01./Page 13
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a higher price results in a higher quantity supplied.

To explain supply adequately, the concept of resources

must first be presented. K resource is a commodity used

in inxpart 'of production. Iron is .a resource used to'pro-

ducetsteel, as are the services of.the people who Work in

the steel plant. esources cost'money; therefore, busi-

nesses want to make the best use of them they can.

'The idea of supply.is directly related to the use of

the resource. Resourceg are used in any kind of production

wheresomething is produced,for sale. In the production

of gasoline, the resources'used include labor, /- management

services, crude oil, chemical agent.s used in the refining

proce'ss, and others. A's the price Of gasoline increases,

producers can make more money by using more resources to

produce.gasoline. On, the sther hand, if the,price of gaso-

°line.decy saes, people wil withdraw resources from gasoline
A

produc use them to roduce something else. The

more resources (ised, the more gasoline produced. A direct

reIatioAship exists between the price of -a good or service

(in this example, gasOline) an the,.quantity of that good

or service supplied by the producers This relationship '

becomes quite clLar when it is Presented graphically as

a supply curve Fiigure" /

°

ly.examination of theiraphin Figure 1, one is able

to- discern that Gulf Corporation will suppl y-25O gallons

of, gasoline per day at a price 4,70 cents per gallon. Wow-

. ever, 'if the price' rises to tl,'thenGulf will increase

the quantity of gasolie supplied to 00 allons per d4y.

Since 400 is greater than 250, a direct Alatonship between

price and quantity.supplied is shown to exist.
$

,

6,

4
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PRICE OF
GASOLINE
(S/GALLOM

1.00

O.7

0

I

SUPPLY ,OF GASOUNE

250 400 QUANTITY OF GASOLINE 'SUPPLIED
(GALLONS PER OAY)

Figure 1. Supply Curve for Gulf Oil Corporation.

The concept oftsul5ply does not apply only to oil com-

panies,' but, rather, to all producers. Westinghouse will

offer more 5-horsepower electric motors for sale if the .

price .of the'motors in eases: The quantity of belts supplied

by,a' parts manufacturer will decrease if the price of the-
.

belts decreases. Since' this relationship applies fo,r all

products, the following law canbe stated:

LAW OF SUPPLY: 'The higher the price of a
product, the more of that
product a business will
offei for sale.

MARKET SUPPLY

GIN

The 'preceding description of ,supply only pertains to

one business selling a partic4lar.product; but, the market
7--

consists of several companies that are trying to sell. this

24
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sa
product. Each of the many oil, companies will want to sell a

certain amountof-gapline at each particular price. Ali

that is r quired to determine the market supply (the total
, .

amount of 'oline that will'be for sale in the market at

each of a sei of prices) is a simple technique of addition.

For each price the market supply is the sum of the quantity

supplied by each seller in the market. For example, suppose

there are only.jtwo.proddcers of gasoline in the market

Gulf Corporation and TexacoCorPoration;.then 'the market

'supply curve.,is just the horizontal addition of the supply

curves of the two corporations. This prOcess is illustrated

in Figure 2. At a'price of 70 cents, TexacO"t-cmpbration

will supply 200 gallons -and Gulf Corporation willsupply

150 gallons. Then the total .supply in the market is (200 +

150)',.which is equal to 350 gallons on the market supply

graph shown. Similarly, 4 the higher price of $1, Texaco
4

COrPOratiPh will supply 350 gallons and Gulforporation

wild 'supply 250 gallons. 'Thus the market sUpply,'at th,e

price of $1 is .(350 + 250) gallons, which equals 600 on

the macket.supply curve.. Notice ,that the direct relationship;;,

PRICE

1.00,
0.70

I
1

200 350

PRICE

:woe row.

PRICE

--
1 I

I

I

I,

150 250

OUAtiTI7Y OUANTITY-
( GALLONS /DAY) (GALLONS / DAY

a. Texaco Corporation . b. Gulf- Corporation

Figure 2." Derivation of the Market- Supply Curve.
(Two Sellers in the Market): .

I

350 600

OUANTITY
(GALLONS /DAY)

c. Market
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that existed betweek price and quantity SUpplied'in the

case (Lt:the i,dividgal firm alsclappto the 'market.
_-- .

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

of interest with regard to the (determination of the price

of a product'. This type of horizontal addition also can
.

.

be applied when there are more than two sellers in the market.

,The process is' exactly the same: The -quantity supplied

by.each -.firm is added at each priCe, and the result is the

market supply,.

DEMAND

The demand for a product is established by, the quantity

people'want to buy at a specific set of prices. - Like-Ae
,

supply curve, the demand curve is a set of possible alterna-

tives. An individual who purchases a certain amount of

gasoline when it is selling at 70' cents pen gaLlon should

be expected ,to buy less gasoline at $1 per gallon, all 'other

_things being equal, Therefore, a4 inverse relationship

exists.between the price of gasoline and the quantity of

it der-by a consumer.
Demand is. related to the usefulness of a product, as

compared to its price. At a given price a consumer finds

'it worthwhile to spend money for -a certain'amount of gaso-

line; but if theprice increases, the consumer cannot justify

spending the extra money needed to mainfain'the old level

of uA. Thus, the consumer reduces the level of- gasoline

usage and increases the surplus money, whilch can )9e used

fer soTething else. For this reason, an inverse relatibnship

exists between, the price of gasoline and the quantity of

gasoline deManded by a consumer: This inverse-reIationship-

26 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. ThiS

curve shows eft quantity of gasoline demanded by one ,con-

at each of many possible prices'.

PRICE OF
GASOUNE

CS/GALLON)

1.00/
0.70

4 8

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

Figure 3. .
Demand Curve
of Consumer A.

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

sumer demands 8 gallons per.day. But, when the price in-

creases' to $r per gallon, they quantity demanded by consumer

A falls from 8 gallons to 4 gallons. There is an inverse

relationship because a higher price results ina lower quan-

tity of gasoline-demanded.

It is important to realize, of course, that the concept

of demand does not apply just to gasoline, but to all prod- ,

ucts. Similarly, as the price of energy increases, busi-

nesses want to buy less of it, and the role'of the energy

specialist is to find ways-to reduw energy usage.

4

....
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'MARKET DEMAND

In most 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 possible 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 consumer at each.possible price

is taken to give the total quantity demanded in the market r-
at those prices. Graphically, market demand is simply the/

horizontal sum of all individual 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.

PRICE

1.00

0.70

PRICE

.1MM 10.

PRICE

--...-

I I

I

8 12

QUANTITY QUANTITY

.1

'12

QUANTITY ,

(GALLONS/DAY) (GALLONS /DAY") (GALLONS/DAY)

a. Consumer , b. Consumer c. Market

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

At a price of 70 cents, _..consumer A demands ,a quantity of

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

20
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12 gallons per day. Thus, the total demand in the market at

the price of 70 cents is 8 gallons + 12 gallons, shown on

the market-demand curve as 20 gallons per day. Similarly; -'

at a price of $1, the quantity demanded by consumer A _de-

creases tolriallons per day, and the quantity demanded .

by consumer B decreases to Ugallons.per day. Thus, the . , .

market demand decreases to 4 gallons + 8 gallons = 12 gallons

per day. Notice that thd inverse relationship that existed

between price and quantity demanded in the case of the in-
.

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 price of the product will be

the market'-demand 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.
A

MARKET PRICE

The price that is charged for a product - the market

price - is determined by the interaction of market supply

and market demand. Market supply indicates how much of

a product producers will offer for safe at each possible

price, and market demand indicates how much of a product

consumers will buy at each possible price. A sale will

occur when a buyer and seller come to an agreement regard-

ing a particular pride for a particular amount. The process

by which this agreement is obtained is illustrated by the

graph shown in Figure 5. In this graph the market-supply

curve, and the market-demand curve are represented together.
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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 wiliingAo buy only 200 million gallons per day.

Since the amount of 600 million gallons is much greater

than-200 million gallons, the buyers and sellers in this

case do not.agree about prices. and quantity. 'At a price

of 65 cents producers are willing to supply only 250 million

gallons per day, whereas consumers will demand 500 million

gallons per day. Since 250 million gallons is considerably

less than 500 million gallons, again it can be assumed that

consumers and producers, do not agree-about price and quan-

tity.

PRICE OF
GASOLINE

($i-GALLON)
2.00

1.00

0.65

MARKET
SUPPLY

MARKET DEMAND

200 250 400 500 600. .

QUANTITY OF GASOLINE ( MILLION GALLONS /DAY )

Figure 5. Determination of Market Price of Gasoline.

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

would have an amount of gasoline equal to 60Q 200 million

gallons that they could not sell. As a result, they would

lower their price to try to seil.it. However, if the price

of gasoline were 65 ents per gallon, consumers would demand
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an amount equal to 500 250 million more than producers would

be willing to sell at that price. lira 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 are...willing to buy exactly the same amount

as producers are willing to sell that is, market supply

is'equal to market deamnd. In Figure S,market supply is

equal to market demand at a prite of $1 per gallon; at this

price, producers supply the same quantity as consumers de-

mand the quantity of 400 million gallons per day. In

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.

34,

EXAMPLE B: DETERMINATION OF PRICE.

Given: Figure 6 shows the market-demand curve and market-

supply curve for natural gas.

$/1000
CUBIC FEET

3.00
2.50
2.00

NEMO

"OM

OINID

- --
MARKET SUPPLY

I

1 MARKET DEMANCri

I .

5.000 7,500 10.000

QUANTITY (BILLION CUBIC FEET / YEAR

Figure 6. Supply and Demand of
Natural Gas.
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Example B. Continued.

1

Find: The market: price of natural gas.

Solution: The market price occur here quantity supplied

is equal to quantity demanded which, in the

above figure occurs at 7,500 billion ft' (cubic #.

feet) per year. The price at this quantity is

$2.50 per thousand cubic feet. This is the mar-

ket price.

4

NAL FACTORS THAT INFLUENCE PRICE

The preceding anllyses assume t at he market is com-

pletely free that no outside forces interfere with the

choices of producers and buyers. Unfortunately, this situa-

tion is not always the case. External forces usually do

have the effect of changing thp quantity supplied' at each

price and/or the quantity demanded at each price. In the

market for gasoline, there_is a particularly strong influence:

the policy of the Organization of Petroleum Exporting Coun-

tries (OPEC) . This eolicy causes gasoline prices to be

highq than they otherwise would be. Exactly how OPEC does

this will be considered at this time.

The members of OPEC are suppliers of crude oil,.the
.

substance 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 price's in the following manner: Since the demand

for crude oil is very high, and these countries can,,in
Alb

effect,- sell all*theY produce, they simply reduce the amount

they will produce at every possible price. This causes

4}
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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 evenwif it:costs more. The above

process is demonstrated graphically in Figure 7.

RICE
,.\

.,

OF
SOUNE

C S/GALLON)

1.20

1.00.

MARKET. SUPPLY 2

MIND OM. AMID 41 INOIM 41111M WOW IMMI.

aNNIOM aNal

. I

9. I

360 400

MARKET SUPPLY 1

MARKET DEMAND

OUANTITY (iF G,ASOUNIp (MILLION GALLONS / DAY)

Figure 71 How OPEC (Members) Raise the
Price of Gasoline.

lb%

'Assn that before OPEC was formed the market price

of gaso ine was $1, with an accompanying quantity of 400

million gallons per day. This means that the original supply

curve was market supply 1, since it intersects with market

demand at those point's. However, when OPEC was formed,

the effect of refAsing to supply as much crude oil at each'

price as before 'was to shift the market-supply curve from

market supply 1 to market supply 2 (Figure 7). Less gasoline

was offered.by producers at each price. Since the demand

schedule danot charige, the point of intersection of market

'supply and market demand is at a higher prices ($1.20) and 4.

a lower quanti,ty sold (360 million gallons per day); there-
_
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fore, the. effeCt of OPEC's action is a higher price and

"a lower quantity sold. Since prices rise more than quantity

sold declines, the OPEC nations make more money.

.Another. factor that can influence supply and demand

is'the price of a related good or product.' This is partic-

ularly true with regard to different forms of energy. ,1f

the price of coal increases, then some industrial plants

might change their production process to diesel fuel. This

would increase the demand for diesel fuel at each ,pri

and the increased deMand would lead to 'an increase 'in price

since the supply and demand.curvdsKyuld inter-sect at a'

higher point.

In summary, the following factors will result in a

price increa

A decTOse in supply

An increase in demand

A decreise in supply greater than a decrease
in deniand

An increase in supply greater thanan
increase in demand

On the ether hand, the following factors will. result in'

a lower price: 4

An increase in supply

A decrease indemand A

An- increase in suppiTyiNater than an
inwease in demand

A decrease in supply greater than a
decrease.in supply

4

r
These conclusions are easy to understand f the graphical

representation of supply and demand, and wh e they inter-

sect, is considered in each case. The role of the energy

specialist is to help reduce the demand for energy. This,
7 ,

34
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. in turn, would reduce the price of energy or, at leist,

. it would keep price ,increases smaller.

' MARGINAL ANALYSIS

Most energy conservation projects involve costs of

one kind or another., However, because these projects save

.energy, _thereby saving money, they also involVe cost savings.

Naturally, an energy project should save at least as much

as it costs. Marginal analysis tan be used to determine

how muck shovld be spent'on energy conservation, because

it shows how,to save the most money. The use of marginal

analysis is also. a good way to compare energy projects that 1

do not cost the same amount of money-to implement.

S.

MARGINAL COST AND MARGINAL-COST SAVINGS

Marginal refers to the last increment of some,.variable,

such as the last-inch of insulation in an attic or the last

solar panel installed on the roof of a building. Marginal

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

cost savings, or simply marginal.sair,inksAMS), are the dollar

savings 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 holpto calculate

-marginal cost.
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EXAMPLE C: DETERMINATION OF MARGINAL ST.

Given:

Find:

A solar .equipment supplier will lowly 30-*

square-foot solar panel,for%$500. . However, if
.

five ar moreanels are bought, the)1.ice de-

creases to $480 per panel. ,

The marginal cost of -the fifth panel.'

Solution: Cost of 4 panels = 4 x $500 = $2,000.

Cost of 5 panels = 5 x $480 = .$2,400.

. -Cost of 5 Panels 7
Cost of 4 panels

=.$2,460 $2,d00

1

' Marginal cost,of
fifth panel

I-

HOW TO USE MARGINAL ANALYSIS

It' is obvious to the energy specialist that eXpendi7

tures are economicallyo,feasible,as long as cost savings

are greater than costs. With respect to marginp analysis;

additional units should be added as long as the-marginal

cost of the unit is less than the marginal cost savings

of the unit. This will occur up to the point where the

marginal cost savings are equal to the marginal cost. Cost

savii\gs will decline as more and more units are added; and,
;ix

eventually, they will approachthe marginal cost of adding

extra units. As long as the marginal savings exceed the .

marginal cost, itis economically sound to add another unit.

Only when the marginal cost becomes equal to the marginal.

savings will adding another unit lose money. The,process,

of comparing marginal cost and marginal cost .savings is

Shown. in Example D.

36
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EXAMPLE D:', MARGINAL AN
SUL

IS AND THE PROPER
AMOUNT OF I ATION. fr

Given:
4

The marginal cost and cost savings of insulating

the atticof a home with different thicknesses of

insulation are as follows:

4 Marginal cost
Marginal cost \ sayings per_
per sq ft of sq ft of
last inch last inch

'Amount of
Insulation
(in inches)

.1 $0.07 = ,$1.50
2 0.02 0.50
,3 0.02 0.20
4 0.02 0.10 I

5 1.9."
0.02 0.07

6 0 0 . 0.05
7 . 4e0:02 .. 0.03
8 0.02, 0425
9 0.02 ,.. 0.015

Find: The proper amount of insulation ,to install.
...

.
,

Solution:' The proper amount is where-mk?ginal- zost is equal
.

.

to marginal cost savings. This occurs between'. ...

the eighth and ninth inch of insulation. There-

fore, if the homeowner ipstalls the eigkth inch,

the cost sayings are greater than the costs. How-

ever 'if theipinth 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'in-Ch- to

install in this case is the eighth inch. There-
.

fore eight inches of insulation shouldbeAinstalled.

Page 28/EE-01 J
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When all energy conservation opportunities Have been

implemented upta the point-where the marginAlcost of the

last unit is equal. to its marginal cost savings, ;then energy

conservation past that point would be unprofi.*ble

Marginal analysis normally isapplicable,whenimaney

which is to be spent on' energy conservation ,cpn be spent_

on various amounts of some product, such as insulation or''

solar collectors. To achieve maximum accuracy, marginal

analysis should be applied to the smallest possible units:

For instance, it would be better to analyze solar cqpectedrs

br-the square foot than by some larger collector_4ize

such as 32 ft2. Economic principles can be applied to energy

use and conservation because energy costs money. Not all

techniques are relevant in all situations, but every situa-

tion will hay_e_costs and/or cost savings that can'be ana-

lyzed using the principles of energy economics. k knowledge

or these principles gives the'energy specialist the ability

to determine whether a project should He idpremented and

to what extent. This module has presented so* background

materials which can be useful in this process.

1r

9

It

c
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EXERCISES

1. Supply and Demand

At a price of $1.75/1,D00 ft;_of natural gas,

five comiSanie,s in the State of Texai will supply 10

million ft3 per day. If the price decreased ,to

$1.25/1,000 ft3, the companies would sell 3 million

ft3/day If

the price-in=
PRICE

creased to

$2.25/1060 ft3,
2.25

the companies.' 1.75 .

would sell /17

million ft3/day.

Plot theSe.

prices and-quan-

tities supplied

on the graph in

Figpre 8., Con-

nect the points

with A line,

herein referred

to as,asupply

The amount of gas that businesses and individdals

In .the State of Texas will buy varies with price. Fol-
.

lowing.is a demand schedule showing the quantities

of 'gas demands°at-various prices. Plat the demand

schedule on the graph in Figure 8. Conriect the observa-

tiron'to form a demand curve.

-Quantity:demanded
e (106. ft3 /day)

1.25

3 10

-OUANTITY C fAll.UON ft3 /DAY)

Figure 8. Graph for Plotting
Supply and Demand Curves.

17

.,,S2 25

11c.-.25

3

10.5
18, -

39
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a. What will be the price and quantity of the/natural

'gas in Texas?

'If a new natural gas field is discovered'by

one of the companies, the quantity of gas supplied',

at every price would increase, to the following:

Quantity supplied (2)
Price. (106 ft3/day) .

$2.25 21

1 1.75 14

1.25-

Plot the new supply.curve. .V
v

b. The supply curve has shifted to the(right, left) .

c. The shift in the supply curve will cause the price

of gas in Texas to (increas'e, decrease) to

(what level).

d. The shift in the _supply curve" will cause the

market quantity of gas to ,(increase deoredse)

to (what level).

e. Discovery of new resources (increasing supply)

can *.expected to have what effect on the cost

of energy?

2. Marginal Analysis

% Fowl Foods is an independent, turkey-processing

. plant. The plant'has four refrigeration rooms in which

it ,can store up to 800000 pounds.Of-processed. turkeys.

These rooms are currently kept at,4 temperature of

27.5°F. The energy speciiiist is 4nfident that Fowl

Foods can substantially save on itS utility'bills by- ,

raising the temperature in the refiigeratidn units.

Howe'ver,*there'is a'ciuestion unanswered: To whaf'deree

*should the temperature 1)6 raised? I

Page 32/EE-01
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By considering the typeof cooling system,`the

cubic feet of air in the room, the average climate

condition of -the region; and the cost off,pel, it has

been determined that Fowl Foods can save $4,000

-\/ degrees-raised) per year, per degree the !empera-

ure is raised above 27.5°F. However, the qua ity

co trol 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:

ark

or,

or,

Annual #
spoiled = 1,215 + (Temperature ? 28 °F)2(2,000)

turkeys

At 27.5°F, therefore the spot age equals

1,215 + (28.5°F - 28°F)2(2,000)

1,215 + (0.5 °F)2(2,000)

1,215 + 500 =,1,715 turkeys pet year..c'

a. At 29°F, the spoilage equals r`
1 Spoilage = 1,215 + (29 28)2(2,000)

= 1,215 + (1)2(2000)

= 1,215 + 2,000

= 3,215.

The cost of each lost turkey is approximately

$2. The marginal cost4\of raising the temperature

from 28:5°F to,29°F for Fowl Foods is (3,215)

(1,715) = (1,500)c$2) = $3,000.

41
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New' spoilage - old spoilage = (marginal spoilag\)

(cost/unit) = marginal cost

The cost savings from raising the` temperature

from 27.5°F to 29°F = 4,000 -\7.5 r= $4,898.98.

--Since $4,898.98 > $3,000, emperature

should be raise to at least 29°F.

b. Calculate the sp age at 30°F. ,What is the mar-

ginal spoilage over 29°F? What is the marginal

cost of raisin the temperature to 30°F?

Chlculaie t cost savings of raising the

temperature froM 29°F to 30°F. Should the temper

59b,,be raised to 30°F7

\\,\ c. 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°F?

Page 34/EE-01
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GLOSSARY

Cost minimi2ation: 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 able to buy a product at specific set prices.

-

Demand-price: The relationship between how muA of a product

consumers want .to buy and the'price of that product. 4

Direct cost: A cost that involves the actual spending of

money..

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

'E fficiency: How economically and effectively a system uses
energy.

Energy Economics: The dollgr comparison between .var ious

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,.

-,Free market: A situation whdre consumers who want to buy

a product and producers who 'want to sell that product

I
-

communicate with each other and bargain a4iiitt the price

of that product.
.

Indirect cost: A cost that is incuried when a business

I

.
or individual performs 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.

I

I

decision.

Marginalcost: The cost of adding the last unit to an
.. energy System.

ginal cost savings: The dollar savings that result from'
adding the last unit to an energy system.

Marginal. analysis: A techniq ue that emphasizes the incre-
mental benefit and cost of an additional project or -

Market demand: The total amount all possible buyers. will,
. want to buy at each possible price. It is the sum: ,

of all indiv.iduil demands.

4
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Market price: The price at which consumers are willing to
buy exactly the amount the producers are walling to
sell. It is determined by the intersection ok the
supply and demand curves.

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

Profit: 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 maxim.zation: Achieving the greatest difference be-
tween total revenue,and total cost.

Recurring' cost: Co o-Sts that are paid: on a regular' basis
over a specified period of time.

Resource: A commodity used i,n any part of production.

Supply: How much of a Product producers will sell at each-
of 'a number of different pries.

Supply curve; The graphic representation of the direct
relationship that exists bet*een the price of a good
or service and the quantity of that good or service
suppliedby the producers.
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INTRODUCTION

This module intrtoduces the student to several funda-.

mental pechniques used td analyze the costs and cost savings

of energy projects. These techniques enable the student

to understand the
7
important relationship that exists between

time and money and why this relationship must be considered

icosts-and cost savings are to be analyzed accurately.

PREREQUISITES

,

The studeftt should have a good understanding of basic

algebraic.functions and should have completed Module EE-01

of Energy Economics.

OBJECTIVES

Upon completionof this module, the student should be

able to:

1. Define the following terms:

a. Principal.

b. Interest.

c. Interest rate.

d. Time period.

e. Future value.

f. Compounding.

g. Cost escalation.

1

h. Present value.

i. Discount rZe.

2. Explain the time value of money and why it must be

considered in the analysis of the costs and cost.
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.

savings of energy projects.

3. Know when to use the following:

a. Future value interest factor.

b. Present value interest factoi.

4. Given the proper information, compute the following:

a. Th'e future value of .any amount.

b. The present value of any amount.

.5. Give aria explain the information' needed to calculate

cost escalation.

6. State the relatiOnship between future value and the

following:

a. Interest rate.

Number of time periods.

7. State the relationship between present value and the

following:

a. Interest rate.

b. 'Number of time periods.

8,---Rea4, interpret, and usethefollowing: -

a. The Fdture Value of $1 Table.'

b. The Present Value of,$1 Table. k

9. Calculate future values and present values in situa-

tions where time. periods shorter than one year are

involved.
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SUBJECT MATTER

PRINCIPAL AND INTEREST

Before money is con- sidered for investment, in energy

conservation measures, it is important to consider what

occurs when money is aeposited in a bank account. The basic

concepts of this are understood more easily when the following.

terms are defined:

Principal: The amount of money necessary to replace,

install, or modify-a n existing` energy system. It is

alwaysa dollar amount. Principal can be calculated

by answering the following que.stion: If a business

.has no money of its own,, how much would it have to

borrow from a bank to replace, install, or modify '

the system? ", .

_

Interest: A dollar amount paid to the lender from

the borrower for the use of thender's moneY.

Interest rate: A percentage figu),usually between,

5 and 20, that indicatcs the portion of the principal

that must be paid in interest over each time period.

A 10% interest rate on a $1000 loan means the borrower

must pay 10% of $1000 (1094-6f $1000 =. 0.10 x $1000 = $100)

for,the use of the money for each-time period until

the $1000 is repaid. Equation 1 can be used to deter -
,

mine the, amount of interest a borrower will pay.a lender -

after any 1-year period._ (Interest and interest,,Fates

are further ilvtrated in Example .A.)

NL

Amount of interest Amount in account
paid after any = at the start of x

Ifiterest
Equation 1

1 year --the year
rate

9
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Time period: The length of time with which the interest

rate is associated. In most cases, the time period is

expressed in years thp indicated percentage of the

principal must be paid for each year the principal is

borrowed. When time periods other than years are used,

the appropria e interest rate figure'is annual interest

rate divided ythe 'number of time periods per Y ear.

For exampleif the annual interest rate is 8% and one

is trying to calculate monthly interest tahe evant
18%interest rate is Tr

-
-. 1.5%. The 12 in the denominator

comes from the number of months in a-year.'

The relationship of the, above.defided terms is ,illus-

trated in Figure 1.

:PRINCIPAL
(Amount

Borrowed)

X

TOTAL
AMOUNT
OWED

LENGTH OT
'TIME MONEY
IS BORROWED

Figure 1. Re1atioAship,Amolig Principal
Ateret (Rate); d Time

The definition of interest rate implies that the amount
*

of interest associated with
,

each year
,

is th,t same. ,Futher-
,

more, this amount is dttermined by the interest rite; the
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higher the rate, the higher the interest charge will be for

each.year.the principal is borrowed.

' Whenever money is placed in a certain kind of bank

account, it draws interest. The money draws interest be-

cause the bank borrows the money frbm the person having the

,.account.. Therefore, when individuals or businesses-shave a'

. sum of.money that is not needed immediately, it may pro to
.

be advantageous ,to deposit the money in a bank account that

will allow the money to earn interest. The result, of course,

is more money. To summarize, costs and cost sayings from _en-

ergy conservation projects should be analyzed as fellows: If

the amounts of money are to be kept over some period.of time,

or recei ed after some period of trinei has elapsed, it is

)L1necessar t' consider what would happen if:the money were

diiwing interest instead of being invested4 energy conser-

'vation measures.' Depending on the interest rate, this method

of exatining costs and cost savings can have an important

effect arr4ecision making.

TIME VALUE OF MONEY

a

a,

Consider the energy specialist who is dbating the in-'

stallion of plastic tint for all windows in a particular

building. The building has 1500 square feetof glass.aKea,

and since the Cost of installation APould be.$1.50 per square

fOot, the total installation cost would x 1500 =

$2,250. How much money (in the form of lower fuel bills

because of reduced energy usage) must the plyic tint save

company to j4tify the $2,250 installation cost? Obvi-

ously,the tint must save at least-$2,250. But what about

the time period's between the initial cost and the reduction

51 EE-02/Page 5
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A

in fuel bills? Indeed, time is a very important factor in

nergy conservation decisions.

Suppose this procedure' would save $225 per year for

10 years. Then the total savings 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
e--

the following season: If the owners of the building were

to take the $2,250 now and deposit it in the/bank, then

the entire $2,2501would immediately start-ocrning interest

(money). On the o

stalled, then only

first year to earn

her hand, if the plastic tinting is in-

$225 can be deposited in the bank the

interest. Since $225 will be added each

year (for a total of 10 years), the amount in the bank will

in ease to $4 S the second year, $675 the third year, and

o for 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 interest earned is

a percentage of the amount in the account. The.refore, in

this- particular case, the installation of the plastic tin

ing is not justified.
'A

The situation just described is an example-of time

value of mone)°r, Avery distinct and persistent re4tioniship

exists between time and mow. One dollar now isjOrth

more than the guarantee of the receipt of $1 at some ti e j
in the future. This is true because of the following:

dollar now can be placed in the bank tp earn interest. When

;he designated time'in the future arrives, the intere t

earned will have resulted in a total amount greater t an

the original $1. the interest rate is 6%, after

year, $1 will have an earned interest of 6 cents,an the

resulting $1.06 is preferable to the-guarantee of t e receipt

of jupt $1 one year from now. This is the difference between '
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an amount of money now and the guarantee of the receipt of

the same amount later. Therefore, interest provides the

link between present dollars and future dollars. This-re a)N

tiohship between time and .money is 'illustrated in Figure 2

and Example A.

A

ca
co_

z
zoma
o<

3

3rd yr interest

2nd yr interest 2nd yr interest

1st. yr interest 1st yr interest 1st yr interest

Original
Amount in
Account

Original
Amount in
Account

Original
Amount in
Account

Original
Amount in
Account

Present 1 yr from 2 yrs from 3,yrs from
now now

TIME (YEARS)

now

Figure 2. The Time .Value df Money. (Accumulation %,

of,an Amount Placed in ,Bank Account.)

Notice that 'for each year the band keeps the money

it must pay inter§t to the owner of the money. The amount

of interest the bank must pay the lender depends on the

rate of interest; principal, and time the money is deposited

in the bank. The'following equation's Itquation2) is offered

as evidence:

where: -

I = Ihferest.

p = Principal.

1 = prt.

53

Equation 2

.EE-02/Page '7

.-1

11.



ti

MI*

r,. Rate.

t . Time.
1,

In most situations, it is important to know t e exact

amount of money that will accumulate in the bank ac t.

9 49.
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.Example A will, explore this question..,

$
$
$

EXAMPLE A: INTEREST AND INTEREST RATES.
$
$
$

Given: Fifty dollars -is deposited in a bank account.

Find: Theamount of interest that would be paid bn the

$50 each year if-the interest rate were ag follows:s
a.- 5%

b. 10% .

1 c. 15%
5

Solution: An interest'rate can be expresSed as a ded,imal

for use in. calculations. For 5%, Liise-0.05;

, use 0.10; and 'for_15%, uses 15 !Equa-

tion 1 an be used as follows:

Interest paid #mount in account Ir4:124st

after 1 year at the start of
the year

(.
7 $50 x 0.05

= $2.50

figure

a.

b.

c.

N
Interest Raid,.
after 1 year

$50 x 0.10

= $5.00.

Interest paid .°$50 x.0.15
after 1 year

= $7.50.
.

Page 8/EE-02
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FUTURE VALUE OF A FIXED AMOUNT

The future value of an amount of money is the dollar

figure the amount will become if placed in a bank account

'th a particular interest Tate for a certain time period

( suallY years). Consider the following situation where,

$500 is deposited ih a bank account that 1:,ys 7% interest

per c =---
be in the account af.tCer

c

ears. The accumulation of the

'.$'500 proceeds as follows:

The first year, the account will di-aw interest equal..

to $500 x 0.07 = $35. Therefore, at the end of the

first'year, if this interest were left in the account,

the,.account would.contain $500 + 435 = $,535.

The second year, the account would draw interest on

this $535, andthe. interest 'drawn would equal

$5.35 x 0.07 = $37.45. Therefore, at the end of-the

second year, the account Would contain $535 + $37.45 =

$512.45, . )
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 account would Contain $572.45 +

$40'.07 = $,6i2 A.

The fourth year, the account would draw interest equal

to $612 52 x 0:07 = $42.88. Therefore, at the end of

the forth year, the account yould.contain $612:52 +

$42.88 = $'655.40.

The bank accountthit begins at $500 will accumulate to

1655.4.0 in 4.ye rs. When large amounts of money are involved,

the time aspect becomes m ore important. In energy economics,

the time value of money ts'an important consideration in the

decision-making process;

EE -02 /Page 9



COMPOUNDING PROCESS

In the preceding example, each time the Interest was

earned,it was left-in the bank. In this way, interest

earned in 1 year could itself
(
earn interest the next year.

This is called compounding. Compounding is the process where-

in the interest earned on an amount of money earns interest

Periods,. If the compounding

process is allowed to continue each time period, the sum will

accumulate much faster. Compounding will not occur if the

interest earned each time period is removed from the account

as it is earned In this case the amount in the account ,will
4

remain constant. The procedure with regard fo calculatihs

made for energy-project decisions is to treat each amount
e

as if compounding would ocur. This' provides a more accurate

reflection Of the time value of money.

EXAMPLE B:' THE COMPOUNDING OF AN AMOUNT.OF MONEY.

Given: The.owner-of a building sells a used compressor:

for $200 and deposits the money in a bank account.

The interest rate is 8%.

Find: . TheamoUnt of money inthe account after 3 years

if the interest earned is not removed- from the

account.

Page 10/EE-02 .56
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Example B. Continued.

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

Interest paid Amount in account
Interest'

after first = at the start of x
rate

year the first year

= $200 x 0.08'
_

= $16:

Therefore, the amount in the accourct after, 1

year is equal to $200 + $16.= $216.

Interest paid Amount in account
after second at the start of x

Interest
rate

year ' the second year

= $216. x 0.08

= $17.28.

Therefort, the amount in the account after the

second year is equal, to $216 + $17.28 = $233.28.

;IntereAst paid Amount in account ,

Interest
after third , at the start of x

rate
year .the third.year

= $233.28 0:.08

= $18.66.

Therefore, the amount in the account after the

third year is equal-to $233528 +_$18.66 = $251.94.

r

FUTURE VALUE OF $1

With respect to the future value of an amount, consider

whatehappened to the original $200 in Example B. First, the

$20 was multiplied by the interest rate (80 = 0.08). This

57 EE02/Page 11



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 nu

ber and that product is added to the original amount is the

proces's which is repeated when an amount is compounded. T e

first year of the preceding process is given by ($200 x

0.08) + $200. Now obsefve the following mathematical manip-
-,

glations:

($200 x 0.08) + $200 = ($200 x 0.08) + ($200 x 1)

($200 x (0.08 + 1)

= ($200) x (1.08).

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 till* period, the amount in the account,
1 year later is equal to the product of the
original amount and a number equal to-one
plus the "rate of interest (1 + r):

-*This principle applies not only for the first year, bdt 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.
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S200

Starting
Amount

x IS1

AmOuni After First Year

x

Amount After Second Year

x $1.08

Amount After Third d-Year

-Figure 3. The Compounding of $200 for 3
YearswItliInterest Rate 8%.

Now consider the case where $1 is deposited in a bank

account that earns interest at a particular rate. (By using

the letter r for rate, the formula obtained will be,applica-

ble for all rates.of interest.) The principle stated previ-

ously still.applies,, although the multiplication is.much sim-
.

pler since the original amount is $1. Figure 4 is similar to

Figure 3, although the original, amount is $1 and the interest

/Ate is expressed as.r.

S1

Starting
Amount

x 1 + r -x + '11

Amount After First Year

Amount After Second Year
J.

Amount After Third year

Figure 4. The Compounding of $1 for 3
Years with Interest Rate r.
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It should be clear that the dollar amount present after
P

year ip.simply (1 + r). Similarly, the amount present

,after 2 years is (1 + r) x (1 + r) = (1 = r)2. Note that

this process can continue beyond .3 years for any length of

time. All that 4s required ip to multiply the amount in the

beginning of last period by (1 + r). In the special case of

$1, the amount in the .account after a number of time,periods.

0

follows:

FVn($l) = (1 r)n

where:

FVn($1) = Future value of a present amount $1

after n time periods (usually years)

in a-bank account.

r = Interest rate.

= Number of t. periods the dollar

accumul es.

1

F

Equation 3 .

4 C.

EXAMPLE C: FUTURE VALUE OF $1.

Given:

Find:

Solution:

One dollar has been
N\
deposited in a bank account,

earning 8% interest.

The amount in the account after 3 years.

FVn($l) = (1 + r)n s'

= (1 + 0.08)3

= (1.08)3

= $1.26.

Page 14./Et-02
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FUTURE VALUE OF AMOUNTS GREATER THAN $1

Whenwotking with original amoints of more than $1

(which will norMallybe the case), consider the following:

The process that has been described previously will occur

with each dollar originally present. Therefore, all one

must do is calculate the future value of $1 over the same

c pecio , '-n-ter

this figure by the original 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.

ert

HOW TO READ THE'FUTURE VALUE OF $1 TABLE'

0

a

Table 1 gives,the future value of $1 accumulated for a

given number of time periods (years) at a given interest

rate.\ This table, called Compound Sum of $1 Table, becaUse

of the compounding process that takes place, is used as

Find the -approoriate interest-rate column__

Find the appropriate time-period column.

Find the entry where .ye,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

larwalue of that amount. Fot this reason, an entry frop the

61
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TABLE 1. COMPOUND SUM OF $1.
.

Number of
Periods
(Time). ,

.

.

Rate of Interest

6% 7% 8i 9%

1 ) 1.0600 1.0700 1.0800 1.0900

2 1.1236 1.140 1.1664 1.1881

3 1.1910 1*.2250 1.2597 1.2950

4 1.2625 1.3108 1.3603 1.4116

1-

-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 bevorked now by using the preced-

ing section,of the Compound Sum of $1 cable.

The appropriate column to use is the one under 8%, and

the appropriate 'row to use 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

accumulatt-to $1-.-2597.'--Therefore--, the

in the account, after 3 years, is given by (1.2597) x $50 =

$62.98. (Due to the rounding 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 ba present amount ($P), which

draws interest at a rate r for n'time periods, can be given

as follows:

0
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where:

FVn($P) = $P x (1 + r)n Equation 4

r

FVn($P) = Future value of a present amount ($P)

after n time periods.

r = Interest rate.

n =Number of time peitudsthe amount $P

_ accumulates_at interest rate r.

Recall from Equation 3, however, that part of Equation

4 (1 + r)n is equal to the compound sum of $1, which re-
-,

ceives interest' at a rate r for n time periods. This amount

for differenttime periods and interest rates is what com-

pris-es the entries in the Compound Sum of $1 Table. This

amount is also the Future Value Interest Factor (FATIF)''for

the appropriate number of time periods and the appropriate

interest rate. Therefore, Equation 4 can be 'rewritten as

f011ow:

FVn($P) = $P x FVIF (n year, r) Equation 5

where:

FVn($P) = Future value of a present amount $P after

that amount ha's accumulated in a ba k

'account for a_g.iven number of years with

a given interest rate.
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f.

C

FVIF (n years, r) = Future value of interest factor,

or the future value-of $1, if it

accumulates for n'years=when the

interest rate is 4% (the samp.n
1

and r rodlich'apply.to the amount

SP).

EXAMPLE D:-- FUTURE -VALUE OF AN AMOUNT- GREATER TAN $1.,

Given: An,amount of $26,500 is\placed in a bank account

with an interest rate of- 9 %.

Find: The amount in the account after 4 years.

Solution: Recall Equation 4 as folloWs:

FV4($26,500) = $26,500 x FVIF (4 years, 9%)

From Table 1, PVIF (4 years, 9%) is obtained

to be 1.4116. Therefore,

FV4 = $26,500 x 1.4116

= $37,407.40.

Th-ePV-IF method fur de-te 1.-n g futur -e- value ----knvol-v es_

much easier calculations.and shbud be used whenever possible.

OBSERVATIONS CONCERNING THE FUTURE VALUE OF A FIXED AMOUNT'

Close examination of the more complete=COmpound Sum of

$1 Table at the 'end of this module (Data Tab e 1) will reveal

two facts:

Page WEE-02
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1>

Amounts accumulate faster at highet interest rates.

Longer time periods result in greater accumulation.

The first fact applies because a higher interest rate means

that a larger, Tercentage of the original amount` will be earned

each year.. Since. the accumulation of 1 year will also earn.

interest in subsequent years, the total amount will accumu-

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

applies because earnings,from each additional year of inter-

est add to*th'e total sum. The relationships among rate tif

interest, accumulation-, and--time'are given in Figure 5 and

illustrated n Example E.

O

0
O 30.00
,44u..
i-
cn 25.00
w

w
I- 20.00

m 15.00

>
10.00

z

m 5.00
2
0-

."4

15% p

5%

Inme maga= ~maw IIMINIONNOINIOrgaMilf

O 2 4 6 8 10 12 14 18 18 20 22 24
YEARS

Figure S. Future Value of $1.
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EXAMPLE E: FUTURE VALUE OF A FIXED
AMOUNT GREATER THAN $1.

0. Given: A business decides to buy two solar collector

panels at $1000 each and has the optioh of pa*--.

ing $2000 now or $3000 5 years. from n9w. 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 Jo'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):

FV5($2000) =

=

=

$2000,x

$2000'

$3221.

FVIF (5 years,

1.6105

10%).

FVIF ( years, 10%) is ob d from Data Table

1. T us, the.future valu he $3000 Payment

in 5 years less than th- 000 payment now,

and the busin s could wait 5 years and pay

$3000 to mini ze'the CQSV Instead of.paying.

$2000, now, the business ould put the $2000 in-

a banaccount drawl 10% interest per year.

After 5 years, the business would have $3221

in the.accounteand-could pay the $3000 and use

the remaining $221 fol: something else. If the

$2000 is paid now, the business, in effect, loses

$221.

Page 20/EE-02

fr



1

COST ESCALATION'
I

24"
444. 4

A very useful and important application of future value

is the concept of cost escalation. Cost escalation is 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

point to -the possibility of their-:continued-in-

crease in the future. If the price of some Arm 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 happehs to an amount of money 'that

is deposited in a bank account drawing interest at an inter-

est rate equal to that percentage. Intboth cases the origi-

nal amqurtt is increased by a. constant percentage each year.
.

.5uppose the price of gasoline is 65 cents per gallon. If the

,price is expected to rise 15% during the next year, then the

amount of the increase will equal $0.65 x 0.15 = $0.0975.

Thus, the price of gasoline after 1 year would be $0.65 +

$0.0975 (approximately) = $0.75 per galleon. Future value

interest factors can be used in calculations of this nature,

and the process is exactly the same as. that used to find the

future- value of a fixed-amourrt-;--The--pibcess will also work

for values less than $1. The following equation (Equation 6)

can .-Used when-the rate of price increase is known:

Price f a ceEtain N-

* ite a er n years Present price FVIF.
wq the i'c'e is of the item .

x
(n years, r)

incr.easing"r per
year Equation 6

EE02/Page 21
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where:

FVIF (n years, r) = Entr the Compound'Syp of

$ which gives the,valy

of if it iS,increased by r

per year for n Npars.

EXAMPLE F: ESCALATION °T ENERGY COST.

Given: The price of natural gas in Louisiana is $2.50

per 1000 f3 and ill incr=ease 12% per year for

the next'410 years.

Find: O'The price .of natural gas in Louisiana after the

following years:

a. 1 year.

b. 6 years.

c. 10 ylkars., ,
.

Solution.' /.a. Price of natural gas ,

after 1 year when
=
Price now x FVIF

it is increasing 12% (1 year, 12%)
per year A

b. Price after -6
yeaxs

c. Price after 10
years

= $2.50 x 1.120.0

=$2.80.

2.50 I 1:973-11-

= $4.93.

0.50 x 3.,.058

= $,.76.
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Example F iiluitrates that cost increases are signifi-

;cant, especially when the price, more than triples in 10,years,

When the costs and cost savings of an energy project are be-

ing calculated, the possibility of rising prices must be con-

sidered. It afso 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 less than that

of energy prices. The future-price of anything can be deter-

mined with the preceding techniques, if the rate of price

increase is known. With regard to energy, information con-

cerning the rate of price increase sometimes can be obtained

.from utility companies and other energy producers.

CONCLUSION

Example E and the total concept of the time value of

money point to the fact'tha energy costs should always be

compared with dollar amounts' of the same time period,. In

most energy projects, the time period used is not some year

in the future, but the p,reent. 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.

*PRESENT VALUE OF A .FIXED AMOUNT

ny amount of money tote received attsome point in the

future is equal to the comppuOjum of another smaller amount

associated with the present. Thi 'mailer amount in the pres-

ent is called the present value (V) of at futurd\amount.

,' A
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A'good.way to visualize present value is to view it as the

"reverse" of the future value proc'ess.

In an earlier case, the future value of $50, drawing
,

interest at a rate of 8% for 3 rears, was calculated to be

t$62.98. (That is, $50 in the present 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 futuie amount, given an interest rate and time

period. Therefore, in the preceding case, the 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 with some earlier

time period, it is said that the amount has been discounted,

and the interest rate used is called the ,discount rate.

r

DERIVATION OF A FORMULA FOR PRESENT VALUE
Me

A fOrmula for calculating 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)7 $P x (1 + r)n

Algebraically, it is possible to divide both sides of an

equation without destroying the equality. In this instance,

dividing both sides of the equation by (1 + r)n yields the

following:

Page 24/EE-02
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FVn($P)

(1 + r)n $P Equation 7

Note that on the right side of Equation,4, (1 + r)n is divided

by (1 + r)n, and the terms cancel one another.- Andther more

convenient way to write this equation is as follows':

PVn.($F) (1$F4. r)n

where:

Equation 8

PVn($F) = Present value of some future amount $F

to be received in n time periods:.

r = Interest rate.
.//

n = Number of time periods.

T4 reason .Equation 7 was rewritten is-because the amount

being dealt within present value calculations is associated

with the futures($F) rather than the present "($P). With

Equation 8, the present amount needed to 'result 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.

V 71
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EXAMPLE G: A PRESENT VALUE OF $i.

Given: One dollar is to be received in 4 years. The

interest rate is 4 %..

The present value of this amount.Find:

Solution:

FITY(SF) (1

$F

r)

1
FVn($1)

(1

$

+ 0.04)"

$1.
TT=

- Pvn($1) 85 cents:

(Equation 8)

Therefore,.if 85 cents is deposited in a bank

account and receives 4% interest per year, the're

will 'be $1 in the account after 4 years.

HOW TO READ THE PRESENT VALUE OF $1 TAB

.
A's in the case of the compound- sum Table 1) , there

is also a table from which'theprifent v. $1 can be

read for various time perioas.andllinterest r- s, as shown ,

in Data Table 2. Theprocedure for using this table is the

same as the procedure used with the .filture valUe table:

Find the appropriate interest-rate column.

Find the appropriate time period row.

Find the intersection of the AmIrnd column and

read the entry.

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

discounted at'the given interest"rate. A section,of the

Present Value of $1:Table is illustrated in.Table 2.
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TABLE 2. PRESENT VALUE OF $1.
I

Number Of
Periods

gate of Interest .

(Time)
.0

2% 3% 4% 5%

, 2 1, 0.9612 0.9426 0.9246 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

For Example G, the appropriate column to use is the one

under 4%, since the ielevant interest rate in that examples

is 4%. The appropriate row to use is the one labeled "4,"

since the relevant time period is 4.years. 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%, approximatery 85 cents.

PRESENT VALUE OF AMOUNTS GREATERTTHAN $1

Table 2 can also be used to calculate the present value

of.future amounts greater than $1. Notice that for a given
0 .

amount greater 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 interest rate,

In the table locate the present.Nalue of $1 for this

time period and interest rate. This is the PVIF.,

EE-02/Page 2.7
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Multiply this PVIF by the original future amount.

The prOduct is the present value of that amount.

Since the entries from the Present Value of $1 Table

can be used to multiply by a future amount to get its present

value, these entries 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 foe4the present value of a

future amount FVn($M) is given as fdllows:

'where.

PVn($F) = $F x PVIF .(n yedrs, Equation 9

PVn($F) = Present value of a future amount

$F to be received in n years from

the present.

$F = Sbme future amount associated with

a time period n years from the

present.

PVIF (n years,,r ) = Present value of $1 to be received

in n years when the interest rate

is r also called the Present

Value Interest Factor.

This latter method (Equation 9) is much easier to use

than that described by Equation 7.

Page 28/EE -02 24
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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 a estimated that

the compressor can be sold for $2'00. The inter-

est rate is 4%.
...

Find: The present value ofNthe selling price.

Solution: From Equation 8, recall the following:,

PVn($F) $F x PVIF (5 years, 3%)

PVn($200) = $200x 0.8262

= $172.52.

Thus, $200, to be received 5 years from now,

is worth only $172.52 today.

Previously, Example E showed aiPusiness that had the

choice of paying either $2000 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 presentvalue Of

$3000 5 years from now, discounted at 10%, is equal to

(3000)/(1.10)' = c$3000) x (0.6209) = $1862.70. The figure

(0.62,09), in this case, is just the present value of $1 to

be received in '5-years, discounted back at 0%. ,(The figure

0.6209 was obtained from Data Table 2.) The implieation of

these calculations is that paying $3000 in 5 yedrs, when the

relevant interest rate is 10%,' is exactly the same as paying'

$1862.70 now. Given the choice of paying $.2000 noW'or

$1862.70 now, the obvious choice would be to. ay 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 nowand1 in

effect, would result. in $3000 in 5 yea & Therefore, the

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 aslociated with choosing the $3900

plan were equal.to.$221, to be received in 5 years. The

present value of this amount, when the interest rate is 10%,

is equal to ($221x (0.6209) = $137.22 which approximately

is equal to the savings obtained by the other method. (The

slight difference between the two amounts is due to rounding

of numbers.)

The important implication of this example is that the

preSent value-calculation andt'he compound sum calculation

to the same dollar amount, and; in bath cases, the dollar

amounts werei converted to comparable tine periods.

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) reveals 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 issmaller the farther in the future it is to

be received. .
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Thelfirst fact is explained as follows: The present valUe

(original amount) is smaller at higher interest rates the

reason being that each year the higher interest rate result

in .a larger percentage of the amount being added to'the sum.

The second fact is applicable because a longer time period

gives:the original amount more time to accumulate. The more

time the original amount has to accumulate, the smaller the

amount can.be when it beg ins to accumulate. The relation-

ships among present value, rate of interest, and time are

illustrated in Figure 6.
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Figure 6'. Present Value Of $1.
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SHORTER TIME PERIODS

v

Occasionally, 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 Sy of $1 Table (and, thus, the

Present Value of $1 Table)AThese situations apply to time

periods, not just years. . The\important thing to remember

when using this table is thatcthe interest rate must always

correspond to the time period. For instance, an interest

rate of 8% per year is not the same as an interest rate of

8% pti- month. The easiest way to convert an interest rate

expressed in years to a shorter time period is to use the

figures given previously. For instance,an interest 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

lowing example (Example I) shows how this technique can be
7

useful:
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)EXAMPLE I: SHORTER TIME PERTS AND COST ESCALATION.

Given:

. Find:

A homeowner's electricity bill in January, is ,$35.

rising at the Tate ofThe price of electrhcity is

12% per year.

The homeownerls bill in June (5 months later),
.

assuming the use of the same amount of electric-

_ ity and that iftes increase monthly.

Solution: An interest rate/of 12/12 = 1% per month; there-
..

fore, the bill will increase at the rate of 1%

per tinie/Period for five time periods. Recall

Equation 6, and use the word "months" instead

of "years," as follows:

Electricity bill after Present FVIF (5emonths,
5 months when it is = bill x 1% per month)
increasing 1% per
month

$35 x 1.0510

= $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.
.

Thes techniques must be firmly un erstood by the energy

specialist.

I ..

3/4
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EXERCISES

1. 440t steam-tracing line has a one-eighth inch diameter

hole from which steam is escaping.- The plant uses 540

million Btus' per year to heat the steam lost through

this hole.

a. At $1.20 per million Btus (MBtu), what is.the

cost of the leak to the plant?

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

the cost to the plant next year if the leak is

unrepaired? .

If the inflation rate is 6%, what would be

the cost to-the plant 4 years from now if

the leak is unrepaired' What is the present

value'(PV) of that cost?

d. Complete the' chart in Figure 7.

e. Use the chart in Figure `7 to answer the

411(yi:Ag.questions:

(1) WhiCh alternative, A,. B, or. C, has

c.

the grA:atest total losses?

..(2) Which alternative has the greatest

'sum of PV of losses?

(3) What factors cause the s4m of PV

of losses to differ from total losses?

It
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YEAR
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.

A B

.

, C

PV
ANNUAL LOSS
B $1.20/1413tu

yearly
6t - r

ANNUAL LOSS x INIF x PV1P - PVE
Buin with $l.20 /MBtu yearly
an, escalated 4t/year r 6%

ANNUAL LOSS x PRP
Begin with $1.20/Nlltu
and escalated 8%/year

x PV11, PV
yearly
r .. 6%.

:1

2

3

4S,
6

Total ,Losses

Sum of PV
of Losses

,

.

111

.

.

.

9=-

Figure 7. Annual Loss Chart.
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DATA.TABLE 1: FUTURE VALUE OF $1 (FVIF).

7

1

Pecio4 .1% 2% 3% 4% 5% 8% 7% 1% 9% 10% 12% 14% 151% 16% 111% 20% 24% zax 32% 36%

1 1 0100 1 0200 10300 1 0400 1 0500 1 0800 1 0700 1 0800 1 0900 1 1900 1 1200 1 1400 1 1500 1 1600 1 1800 1 2000 I 2400 1 2800 1 3200 1 3600
2 1 0201 10404 1 0609 1 0816 1 1025 1 1236. 1 1449 1 1664 1 1881 1 2100 1 2544 f2996 1 3225 1 3456" 1 3924 1 4400 1 5376 1 6384 1 7424 1.8496

? 1 0303 1 0612 1 0927 1 1249 ,1 1526 1 1910 1 2256 1 2597 1 2950 1 3310 1 4049 1 4815 1 5209 1 5609 1 6430 1 7280 1 9066 4 2 0972 2.3000 2 5155

4 1 0406 10624 1 1255 1 1699 1 2155 1 2625 1 3108 1 3605 1 4116 1 4641 1 5735 1 6890 1 7490 1 8106 1 9388 2.0736 2 3642 2 6E144 30360 3 4210

5 1 0510 '1 1041 1 1593 1 2167 1 2763 1 3382 1 4026 1 4693 1 5386 1 6105 1 7623 1 9254 2.0111' 2 1003 2 2878 2.4883 2 9316 3 4360 40075 4 6526

'"?' 6 10615 1.1262
1° 7 1 0721 1487

3 1 0829 1 1717

9 1 0937 1 1951

101 1 1046 1 2190

1 1941 1 2653 1 3401 1 4185 1 5007 1 5869 1 6771 I 7716 I 9738 2 1950 2 3131 2 4364 2.6996 2 9880 3 6352 4 3980 5 2899 6.3275
I 2299 t 3159 1 4071 1 5036 1 6058 1 7138 I 8280 1 9487 2 2107 2 5023 2 6600 2 8262 3 1855 3 5832 4 5077 5 6295 6 9826 8 6054
1 2668 13686 1 4775 1 5938 1 7182 1 8509 1 9926 2 1436 2 4760 2 8526 3 0590 3 2784 3 7589 4 2998 5 5895 7 2058 9 2170 1'1,703

13048 1 4233 1 5513 1 6895 1 8385 1 9990 2 1719 2 3579 2 7731 3 2519 3 5179 38030 4 4355 5 1598 6 9310 9 2234 12 166 15.916

1 3439 e 1 4802 1 6289 I 7908 1 9672 2 1589 2 3674 2 5937 3 1058 3 7072 4 0456 4 4114 5 2338 6.1911 8 5944 11 805 16 059 21 646

a-.

1 1157 1 2434 1 3842 1 5395 1 7103 1 890 2 1049 2 3316 2.5804 2 8531 3 4785 4 7262 4 6524 5 1173 6 1759 7 4301 10 657 15 111 21 198 29 439
12 .1 1268 I 2682 1 4258. 1 6010 1 7959 2 0122 2 2522 2 5182 2 8127 3 1384 3 8960 4 8119 5 3502 59360 7 2878 8 9161 .43 214 19 342 27 982 40037
13 1 1381 I 2936 1 4685 1 6651 I::56 2 1329 2 4098 2 7196 3 0658 3 4523 4 3635 5 4974 6 1528 6::58 8 5994 10 69i 16388 24 758 36 937 54 451

14 1 1495 1 3195 1 5126 1 7317 I 9799 2 2609 2 5785 2 9372 3 3417 3 7975 4 71 6 2613 7 0757 7 9875 10 147 12 839 20 319 31 691 48 756 74 053

15- 1 1610 1 3459 1 5580 1 8009 2 0789 2 3966 2 7590 3 1722 3 6425 4 1772 5 4736 7 1379 8 1371 9 2655 11 973 15 407 25 195 40 564 64 358 100.71

16 1 1726 1 3728 .1 6047 1 8130 P 11329 2 5404 2 9522 3 4259 3 9703 4 5950 6 1304 '8 1372 9 3576 10 748 14 129 18.488 31 242 51 923 84 953 136 96

i 1843 .1 4002, 1 6528 19479 2 2920 2 6928 3 1588 3 7000 4 3276 50545 6 8660 9 2765 10 761 72 4q 16 672 22 186 38.740 68481 112 13 186 27

19 1 1961 1 4282 1 7024 2 0258 2 4066 2 8543 3 3799 3 9960 .1 7171 5 5599 76900 10 575 12 375 14 362 19 673 26.623 48.038 85 070 148 02 253 33
19 1 2081 1 4568 75351 2 1068 2 5270 3 0256 3 6165 4 3157 5 4417 6 1159 8 6128 12055 14 231 16 776 23 214 31 948 59 567 108 89 195.39 344 53

20 I 2202 . 1 4859 18061 2 1911 2 6533 3 2071 3 8697 4 6810 5 6010 6 7275 9 6463 13 743 16 366 19 460 27 393 38337 73 884 139 37 257 91 468.57

2 1 1 2324 1 51S 1 8603 2 27:: 7 7860 9 3996 4 1406 5 33/38 a 1008 7 4002 10 803 15 687 :8 824 22 574 32 323 46 005 91 591 178 40 340 44 637 26

22 1 2447 1 5460 19161 2 3699 2 9253 3 6035 4 4304 5 4365 6 6586 8.1403 12 100 17861 21 644 26 186 38 142 55 206 113 57 228 35 449 39 866 67

23 1 2572 I 5769 1 9736 2 4647 3 0715 3 8197 7405 5 8715 7 2579 8 9543 13 552 20 361 24 891 30 376 45 007 66 247 140 83 292 30 593 19 11;8 6

24 .1 2697 1 60E4 20528 2 5633 3 2251 4 0489 5 0724 634:2 7 9111 9 849T 15 178 23 212 28 625 35 236 53 108 79 496 174 63 374 14 783 02 1602 9

25 1 2824 1 6406 2 0938 2 6658 33864 4 2919 5 4274 6 8485 8 6231 16834 17 000 26 461 32 918 40 874 62 668 35 398 216 54 478 90 1033.5 2180 0

2; 1 2953 1 6734 M586 2 77.25 3 5557 4 5494 5 8074 73964 93992 11 918 19 040 30 166 37 856 47 414 73 948 114 47 2:: 51 612 99 1364 3 2964 9

27 1 3082 1 7069 2,,213 .213834 3 7335 4 8223 6 2139 7 9:1 10 245 13 110 21 324 34 389 43 535 55 000 87 259 137 37 332 95 784 63 1800 9 4032 2

28 1 3213 1 7410 2 2979 29987 3920f 5 1117 8 6488 8 6271 II 167 14 421 23 883 39204 50 065 63 800 10296 16484 412 86 1004 3 2377 2 5483 8

29 1 3345 1 ?758 2 3566. 3 1187 4 1161 5 41847 7 1143 9 3173 12172 15863 26 749 44 693, 57 575 74 008 121 50 197 81 511 95 1285 5 3137 9 7458 0

.30 1.3478 1 9114 2 4273 3 2434 4 3219 5 7435 7 6123 10 062 13 267 17 449 29959 50950 68 211 85 849 143 37 237 37 634 81 1645 5 4142.0 10143
o.

40 1 4889 2 2080 3 2620 118010 7 0400 10,285 ..14 9)4 21 724 31 409 45 259 93050 1 :.: :.: 267 86 378 72 750 37 1469 7 5455 9 19426 68520

50 1 8446 ''2 5916 4 3839 7 1067 II 467 15420 29 457 46 901 74 351 117 39 189 00 700 13 1083 6 1670 7 3927 3 9100 4 46890

60 t 8167 3 2810 5 8916 10 519 .18679 32 987 57 948 01 25 17609 304 48 897 59 2595 9 4383 9 7370 1 20555 56347.
;.. .FI/IF > 99.999
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DATA TABLE PRESENT VALUE OF $1 (PVIF)
01110.00..

Podod
. (

1

2

3

4

5

6

7

.8

9

10

11

16

17

18

19

2d

25

30

40

50

60

1% 214 3% 4% 5% 6% 7% 8% 9% 10% 12% 14%

9901 .9804 .9709 .9615 9524 9434 .9346 9259 9174 ,9091 8929 8772

9803 9612. 9426 9246. 9070 8900 .8734 8573 8417 8264 7972 7695

.9706 9423 9151 8890 8638 8396 8163 7938 772 7513 7118 6750

9610 9238 8885 8548 8227 '7921 7629 7350 7084 6830 6355 5921

9515 9057 8626 8219 7835 J473 7130 ,.6806 6499 .6209 5674 5194

9420 8880 8375 7903 7462 .7050 6663 6302 5963 5645 5066 4556

9327 8706 81314.7549 7107 6651 6227 5835 5470 5132 4523 3996

9235 8535 7894 7107 6768 6274 5820 5403 .5019 4665 .4039 .3506

9143 8368 7664 7026 6446 5919 5439 002 4604 4241 3606. 3075
.9053 8203 7441 6756 6139 5584 8083 4&32 4224 3855 3220 2697

8963 8043 7224 6496 5847 5268 4751 4289 3875 3505 2815 2366
8874 .7:5 7014 6246 5568 4970 4440 3971 3555 3186' 2567 2076
8787 .7730 .6810 6006 5303 4688 4150 3677 3262. 2897 2292 1821

8700 7579 .6611 5775 9051 4423 3878 3405 2992 2633 2046 1597

.8613 .7430 6419 5553 4810 4173 3624 .3152 .2745 2394 1827 1401

8529 .7284 6232 .5339 4581 3936 3387 .2919 2519 .2176 1631 1229

.8444 7142 6050 '5134 4363 3714 3166 2703 2311 "1978 1456 1076
8360 7002 5874 4936 4155 3503 2959 2502 2120 1799 1300' 0946

8277 6864 5703 4746 3957 3305 2765 2317 1945 :1635 1161 0827
8195 6730 5537 .4564 3769 3118 2b84 2145 1784 .1486 1037 0728

.7798 60954" 4776 3751 2953 2330 1842 1460 .1160 0923 0588' 0378

7419 5521 4',.20'3083 2314 1741 .1314 0994 0754 0573 0334 0196

_6717 4529 3068 2083 1420 0972 0668 0460 0318 0221 0107 0053

6080 3715 .2281 1407 0872 0543 '0339 0213 0134 0885 0035 0014

5504 3048 1697 0951 b935 0303 0173 0099 0057 .0033 0011 0004

I

15% ,1616 18%

8699 8621 8475

7561 7432 7182

6575 6407 .6086

5718 5523 5158
4912 4761 4371

4323 .41CW1,'. 3704

.3759 ° 3538 3139

3269 .3059 2980
2843 2630 .2255

2472 2267 1911

.2149

1069.
5

.1413.

229

.1954, .1819

,0629

0808

0703

0611

20% 24% 28% 32% 36%

.8333 .8065 .7813 .7576 7353

6944 .6504 .6104 5739 5407

.5767 .5245 .4768 .4348 3975

'4823$ .4250 .3725 .3294 2923.

4019 .3411 .2910 1495 .21t9

3349 .2751 .2274 .189d .1580

2791 2218 .1776 1432 .1162

2326 .1789 .1388 .1085 .0854

1938 .1443 .1084 0622 0628..

1615 1164 0847 0623 0462

.1346

1122

X938
0757

.0662

.0517

0472
.0357

.0340.

.0250

0935 .0610 .0404 .0271 0184

0779 0492 .0316 .0205 0135

.0649 .0397 .0247 .0155 0099

A0641 .0320 .0193 0 0118 .0073

0451 0258 ..0150 .0089 0054

0376 .0208 0118^6 0068 0039

0313 0168' 0092 0051 0029

0261 013.5 .0072 0039 0021

0105' 004600071 .0010 0005

0042 .0016 .0006 0002 .0001

0007 0002 0001

0001

)685J372
1452 1163

1252 0985

1079 0835

0930 A
0802 r.rr

0508

0431

0514 .0365

0304 0245 0160

0151\ 0116 )0070
,0007 0026--- 0013

0009 0006 0003

0002 0001

The factor is zero to four,decimal places
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GLOSSARY

Compounding: The proces-s in which the interest of an amount
OT- money earns interest itself in subsequent years.

Cost escalation: The calculation of the impact of in?lation
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 tp calculate the
present value of future income.

Future value: 'The dollar figure an amount of money will be-
come if invested at a 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 grew to if invested at a specified interest

rate. It is equal to (1 + r)t.

Interest: Dollar amount borrower pays lenderifor the use of

lendei's money.

Interest rate: Figure indicating the portion of the principal
that must be paid in interext over each time period.

Present value: The value now of a 5UM to be paid or received

lat a specified, future data,.
\ 4

Present value interest factor: A number that, when metti..-

-plied by a iuture amount:Will yield the initial amount
pf money that would grow to,the.future amount if invested:,

at .a specified interest rate.. It eqpals 1 .

.. t,
(1 + Tit

, . I
-Principal: The amount of money borroWeLd to replace, install,

or modify an energy system.:

Tithe period: The length of time, usually a year, associated

with interest rates.
r) .

..me value of money: 'The concept that a dollar is worth more

/1 today than in the future because a do-liar-received today

can be invested to yield more than a dollar in the future.

4

h
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3.

INTRODUCTION

This module discusses 'the techniques that can be 'used

in.the analyiis of cost and cost savings of energy projects

and is an extension of the techniques presented in previous
o

moduleN In Module EE-01, "Fundamentals 'of Energy Cost

Analysis.," aldistinction was made.tietween one; time costs

and recurring costs. It was learned that one-time costs

involve one simple, direct payment, whereas recurring costs

can involve a,number of iayments over a period of time.

Module -EE-02, "Financial Parameters of Energy Economics,"

introduced techniques which can be applied .to one-time costs.

The techniques presented i this module primarily apply:

to recurring costs' and cost savin and to different situa-

tions wit4 regaYd to when and.how often costs -and cast .sair-

'ings occur.. With the skills that can be learned from these

techniques, the energy specialist =will be able to compute

t e present value of costs and cost savings, an important

sideration in energy projects. The relevace,of the con-

cept of present value is emphasized throughout the friodule.

PREREQUISITES

The student should have a good understanding of basic

algebraic functions and shouldeRave completed Modules EE-01.

and EE -02. of Energy Scoymics.,

fE,

90

r-s
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OBJECTIVES

,

Upon completion of this module, the stpdent should be

'able to:
...

1. Define the followeng terms:

40- 1.

a. Annuity,.

b. ,Irregular low al costs and cos savings.
t

2. Given the prope information, compute the following:

a. The.sum of an annuity of any amount.

b. The present value of an annuity of any amount.
.

c. 'ripe present value of an unending annuity of any

amount.

d. The present value of an irregulariflow of cost

savings.

3. Extend the concept of present value to iricludeiscost

escalation.

4. Explain -the importance of preentkralue in the evalua-

tio of the cost and cost savings of energy projects.
1

1
* s

-e

0

4

,41)
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SUBJECT MATTER

I

CQ16T OF AN ANNUITY

Most projects that the energy specialist will encounter

involSre a series of co't savings,4as opposed to a one-time

amount as per the present value equation. For instance, a

microcomputer system that automatically adjusts the tempera-
,-

tures of unoccupied .areas of a building 'in order to conserve

energy 7-add thereby reduce heating and cooling costs .will

not generate one-time savings but, rather, an annualStream

of savings over the life,of the system. This fltw of dollars-

must be standardized:ecause 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 th4n.the

$4000 saved the secondr5i; the $4000 saved the second year

will be more valuable than the $4000 salted. the third year;

and, go on. The present va.fVe of this flow of savings' must

be'ea2Culated so that it can be compared to the'cost.of the

microcomputer system.

Analysis of this nature makes use of the concept of 'an ..

annuity. An annuity'lgsimply a pattern of cash flow that
.

is equal in peach year every year the same dollar amount

is received or spent. First, the way in which an annuityt

accumulates, or;sums, to a future value will be consider4;f

then, this ,analysis will be extended to develop a formula
.

for the calculation of the'present value of an annuity.

r 192-

0,

,
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ACCUMULATION OF AN ANNUITY

Consider accompany debating the purchase of :a micro-

computer system.. This_yltem has an estimated life of 4
,

.

years, with cost savings of $4000per year. Thus, the sav-

ings forma 4-yeaf annuity of $4000. SUppose,thaf these

savings are deposited 'a 1:anOaccount drawing an % raie

of interest per year, d that the total dollarjptlue of the
. .

account at the end f 4 year is to be calculated. The pro-

cedure for the ac mulation of 'this annuity is as follows:

At the end of tire first .year, $4000 i cost ;savings i-s

deposited in the account. During the
C,..
next year,'this

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

cumulate& $4320.

, At the. end of the second year, the cost savings from

cl4 the second year ,are added to the account to bring the

total to $8320: This amount' earns $.8320 x 0.08 =

-5665-.60 in interest the third year which brings the -,

amount in the account to $8985.60.

At the end of the third year, to cost savings from

the third year are added to the account to bring the

. total to,$12.,985.60. This amountAearns $12,985.60 x .

0.08 = $1038.8.5 interest during the fourth yeas,. This
'

'

S

brings the total to $14,024.45.

At the end of.the fourth year, the'savings apm the

fourth.year are added to brAng the total to $18,/024.45.

Since 4 years have elapsed, .this marks the end of the

annuity, This figure ttotal) is the future value of (

'the cost savings, associate0U114the installation 'of.

. the microcomputer system.
.

Another way 4o View the compounding of, this annuity, is

to examine the number of years' each amount of cost savidgs,---)

. Page 4/EE-03
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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 can draw

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

TABLE 1. SUM OF AN ANNUITY ($4000, 4 YEARS, 8%).

End of Amount

Appropriate
Future Value

Interest Factor Future.
Number of

Years
Year Deposited Compounded' (FVIF)* Value

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 = "$18024.40

*The FVIF figures were obtained from Data Table 1.

SUM OF AN ANNUITY OF $1 FORMULA

The special cage of an annuity of $1 will be considered

in order to generalize the preceding Process into a formula,_

This is the receipt of $1 per year for,a given number of

years (designated as n) with an applicable interest rate r.

At the. end of the,,f-efif year, the dollar deposited will earn

interest .for '(1-1) years and, at the end ltf fhe.second year,

will earn interest for (n -2) years. This.pattefn continues

94

4
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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*.d4osited,at the end of the).astyear 'will earn

no interest since the.time period\is pSst. This process is

shown in Table 2. :

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

Deposited End
of Year ,

_Amount Deposited
in Account

Years Interest'
Earfted

.

.

"

1

2

3

4 .0

.

.

n-1
,

n

r $1
.

.

' $1'

$1

01
.

,

$1

$1 .

.

n-1 P

n-2

n-3

n-4

.

,

1

Note:
.

Periods indicate possible, sequential
missing numbers.

4

. ,
The total amount in the bank account

.

at the end of'n years

'can be-calculated by determining the future of these amounts,

as follows:

Page 6/EE-03
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FVAn ($1) = Future value of $1 n-I periods later

+ Future value of $1 n-2 periods later

60

+ Future value of $l'one period later

+ $1.

*Note: The ellipsis above indicates ssinfr numbers.

C

Whemever ... (the ellipsis), is used, it simply signifies

-that a series of numbers or words is not being written. For'

instance, instead of writing 1, 2: 3, 4,, 5, 6, 1, 8,J9, 10,

if is'much easier to write 1, 2, ..., 10 with the under-

standing that Al of the missing numbers are included. In

the left hand column of Table 2, the .. (in a vertical line)

signifies all the numbers, between 4 and n-1, whatever n-1

might be. If n is 50, then n-1 is , and t :.,,signifies

the numbers 5 through 49. In many cases, su h as the ane

above, this method ismore convenient. Similarly,if the n

On Table 2) is 7, then n-11S 6, and the ellipsis

simply signifies the - dumber The use of this technique is

__made possible beCLise n is a va b thatiCan'take'on many
t

values.

Therefore, the following may be written:

f

.where:

FVAn($1) = Sum (or future value) of a

, after it has been Raid- for n ti

ro= Interest rate.
,

ti

FVAn($1) = (1 + r)11-1 + (1 + r) 11-`

+ (1 r) .,1 + 41
4

Equation 1

uity $1

e petiods"...
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XAMPLE A: FUTURE VALUE OF AN AANUITY OF $1.

Given:

Find:

SolutiOn

.
One dollar is deposited in a bank account at

the end ,o!: the year for 4 consecutive years..

ThC.interest rate is 4%.

The futufe value of the annuity aftex 4 years.

Use Equation 1 as follows:

FVA4($d) = (1 + .T)3 + (1 r) 2 + (11+ r)' + 1

= (1 + 0.04)3, + (1 + 0.0492

+ (1 + + 1

= (1.04) 3 + (1t04)2 ; (1.04) 1. + 1.

= 1.125 + 1.081 + 1.04 + 1

= $4.246

FVA4($1) = $4.25.

THE') SUM .(FUTURE VALUE) pF AN ANNUITY OF $1 TABLE

Admittedly, performing calculations of this nature

could become verrtedious. Forturtately, a tableexists for

finding the sum (future value) of an annuity of $1 for dif!

ferent interest rates and .time periods.(see Table 3 for-an 4.

example) . .The steps in ,the use of Table 3 are as follows:

. -Find the column that corresponds to the appropriate

interest rate.

Find the row that corresponds to the number of time

periods in which-payments will be made.
%

Find the intersection of the row and 'theilcolumn and

read entry. ,T4is is the sum of an annuity of $1 ,

for the appropriate number of periods and interest rate.

Page 8/U-03,
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TABLE 3. SUM OF AN ANNUITY OF $1 TEk TIME PERIOD.

,Numbet
of.

. ,

_

Rate of Interest
Periods
(Tim 1% 2%

,
3% .44%

.

1 1.0000 1.0000 1.00.00 1.0000

2 24100. 2.0200 2.0300 2.0400

*,, 3 3.0301 3.0604 3.0909 3.1216

4 4.0604 4.1216- 4'.1836 . 4.2465

For example, the sum of antannuity of $1 per year for 4

years when the interest rate is 4% is obtained by find-

ing the intersection of the 4% column and the time row

labeled "4." This entry is $4.2465, which is the value

sought. A more extensive table tht can be used to find

the future value of an annuity of $1 is located in theback

of thismoaule (Data Table -3).

SUM OF AN ANNUITY OF MORE THAN 11 PER YEAR

What if the annuity is more than $1 per year? Each

dollar in the annuity will have the same value as the sum

of an annuity of $1 after the given number of time periods_

(which accumulates at the given interest rate). Therefore,

'all that is required is to find the, sum of the appropriate

$1 annuity, follow0 by the multiplication of this number

by the original' doll'ar 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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often Calged the'Future Value Interest Factor of an Annuity.

This term is abbreviated FVIFa, where the subscript "a"

indicates that an Annuity, rather'than a single athount

is involved. The equation, for finding the future value 4

an annuity'grealter than Wis as follows:

FVAn($M) = $M x FVIFa(n years, r) Equation 2

where:

FVAn($M) = Future value (sum) of an annuity

of $M,.whieh accumulates fo n

years at r.

, $M = Amount of the annuity.

FVIFa(n years, r) = Future value of'an ann ty of $4,,

which accumulates for,n years at

r. This is also called the Future

Value Interest Factor of ap, Annuity.

(This can be obtained' from Tata

Table 3) .

n = Number of, year the, annuity is re-

ceiyed'.

r = Interest rate:

The process'ok finding the appropriate FVIFa to compute the

sum ,of an annuity of more than $1' is demonstrated in ..E?cam-

pig B.
#

Page 10/EE-03
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ENOPLE B: SUM OF AN ANNUITY OF' MORE THAN $1 PER 1-7EAR,

Given: Each of the elevators in a building is equipped

with.. 3.00 watts (W) of. fluorescent lighting,

although only 3D W are needed. The lights, burn

24 hours per day (24 hid) , '365 days per year

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

kilowatt hour (kWh) ;and the interest rate'Es

8%. 4

Find:' The cost savings p year resulting from the
4

reduction in watts in one elevator and the fu-

.
ture value,of these cost savings after 4 years

Solution: The lights burn 24 h/d and 365 d/hr+ therefore

24 x 365
.h h

=`8760 7F.electricity usage

watthour (WhY.
8760 x 270 W saved = 2,365,200 yr

And, since 1 kWh = 1000 Wh, savings in electric-

ity = 2,365.2 kWh/yr.

Since the cost of electricity i $.Q.03/kWh,..the

cost savings per year are,given by the'follow-

ing:

2,36
kWh

5.2 x $0.03/kWh = $70.96-per ye4r cost
yr savings.

Thus, the savings associated with this project

fo .n annuity of $70.96 per year. With an 8%

st rate, the future value of this:anhIlity

4 Years is obtained follows.(usig

4-00

. .

,,EE-03'/Page 11
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_Example .B. Continued.

FVAn($70.96) = $.70.96 x FVIFa(4 years, 8%)

= $76.6 x 4.5061.

FVA($70:96) 7 $319.75.

- The value for'FVIFa(4 years, 80) was obtained

from Data Table 3.,-(back of Module).

PRESENT VALUE OF AN ANNUITY'

Whereas,the idea of the sum of: an annuity seldom is

used in energy project decisions directly,
4 it is useful in

understanding one of the most important concepts 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 present 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 answers this question: What fixed

amount toaay will accumulate after the given number of years

to exactly the same amount as the sum (future value) of the

annuity?

CALCULATION OF THE PRESENT VALUE OF AN ANNUITY

The present value of,an annuity can be, calculated in

the following way: Each amount that is added to the annuity

each year is .discounted back-to.the present.. These individ-

ual amounts should then be summed to obtain the totaf present

value of the annuity. At this point, Example C will be help-

ful.

Page 12/EE-03
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XAMPLE'Ci THE PRESENT VALUE OF AN ANNUITY.

Given: A plan tOr,educe-the electricity cost,associated

with lighting involves the-replacement of bulbs

of a certain wattage with_-bulbs- of a lower wat-

tage in every hallway of a hotel. This system

has an expected life of 8 years, and this pro=

cess will:save $1300 per year for the 8-year

period. The interest rate is 6%.

Find: The present value of the cost savings .

Solkition: The cost savings form an annuity of $1300 per

year for 8
A

years. The cost savings associated

with each year will be discounted individually

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

O

Each present value:c4culation is identical to those

calculated in Module EE-02. This process is .shown in Table

1. (The PVIF figiinp'wQre obtained from Data Table'2.)

TABLE 4. THE- PRESENT VALUE OF AN 8-YEAR ANNUITY OF
$1300 WITH I.NTEREST RATE 6%.

Year Cost Savings PVIF Present Value

1 $1300 0.'9434, $1226.42
2 . ,, $1300 0.8900 . $1157.0b
-3 WOO 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

'iPresent Value of Annuity = $8072.87

1
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PRESENT VALUE OF AN ANNUITY OF $1

Just as it'was in the case-of the sun of an annuity,

it would be useful ,at this point- to examine the special case

Of an annuity of $1. This value can be calculated in aiman-

ner similar to 'that used in Table 4, except that the amount

in question is $1 instead of $1300. In this case, the pres-

ent value of the cost savings of each year is lust the ap-

propriate entry from the Present Value of $1 Table (the

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

ity of $1 for n years when the interest rate is just the

sum of the present values of'the cost savings for each year

is as follows: ,

tt,

t,

--)

PVA1.01) = PVIF (1 year, r) + PVIF (2 years,.r)

+ PVIF (n years, r) Equation '3

where:

1VAn($1) = Present 'value of an ann'uit'y of. $1 for n time

periods.

n =INumber of time periods the annuity is re-
,

ceived.-

r = Interest rate.

PVIF = Prepeat value interest 4f ctor ('the' present

value of $1) associated th the given in-,
,

terest rate and yeai in the futures

Note'th t PVIF (1 rear, r) is jut the present value of $1A
.

received after 1 year; the --PVIF (2 yea , 'r) 'is.the-present

value of $1 received aft 2 years; andfso on

Sr
w

Page 14/EE-03'
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values of the cost savings of each year are*summed, the

result is the piesent'valUt of the annuity. .

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

Given: One dollar per year is to be rqceived at the

end of the next 4 years. The interest rate

is 6%.

Find: The present 'value of. the annuity, using 'Data

Table 2.

Solution: ,Use Equation 3 as follows,:

PVA4($1) = PVIF (1 year, 6%) + PVIF (2 years'',

%) + PVIF (3 years, 6%) + PVIF

(4 years, 6%)

= 0.9434 + 0:8900 + 0.8396 + 0.7921

PVA4($1) = $3.4651:

46

4

THE PRESENT VALUE OF AN ANNUITY OF $1
IL

TABLE

a

The Present Value of an Annuity of $1,Table (Data Table

4) is simply /a collection of the preceding sums for'manyi

possible time,periods and interest rates. The procedure fore

reading Data Table 4 is as follows-:4-

Find the colu4rmn corresponding to the appropriate in-

terest rate.

Find the row corresponding to the appropriate number

Of years.

Find the pgint where the row and column intersect. and

read the entry. This is the present value figure.

e,

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

In an annuity larger.than $1, each dollar will accumu-

late exactly,like the annuity of $1. Therefore, the method

of obtaining the present value of an- annuity of-more than

$i is as follows:

Find the Present value of an annuity of $F that covers

the same number of time periods and has the same in-

terest rate.

Multiply this number by the amount of the larger annu-,

ity.

Because this procedure.can be used, the entry from th!Pres-

ent Value pf an Annuity of $1 Table is often called the

Present. Value Interest Factor of an Annuity. This term is

abbreviated PVIFa, Where the subscript "a" means the number

applies to an annuity rather than a fixed amount. The ?ol-

lowin'g equation c'dirbe used to find the present value of an
roe

ammity of an amount, $M:

. where:

PVAn($M) = $M x PVIFa^(n years, Equation 4

-

PVA11($M) = Present value of an antuity of $M

that is received for n time perio

'$M = Amount of the annuity (of eachjay-

ment).

n = Number of time perio.ds (years) the

j
= Interest -rate.,r

annuity-accumulates.

Page 16/EE-03
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PVIF
a
(n year, r) = Appropriate present value interest

factor (obtained from Data T'able 4),

or the present value of an annuity,

of $1 that accumulates for 'time

periods when the interest rate is '1.

.)per time period!.

Example E dimonstrates how Equation 4 is used.

EXAMPLE E: CALCULATION OF THE PRESENT VALUE OF AN ANNUITY,

Given: Energy conservation measures whiCh will result

in savings of 000 per year for years. The

interest rate'is 9%.

Find:, The present value of the annuity formed by the'se

cost saving-s:"

Solution: First, ,examine. the Pre'sqnt Value of an' Annuity

of $1 Table. (Pa"rt of Data Table 4 i-s-repro-
,

ducedchere for convenience as Table'5.)

TABLE 5. THE PRESENT VALVE OF AN ANNUITY OF

Number
of

Payment 7% 8% 9% 10%

3.3872

4.1002

4.7665

5.3893

3.3121

3.9.927-

4,6229

5.2064

4

'3.2397

3.8897

4.4859

5.0330

3.1699

3.7908

4.3553

4.8684

106
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. 1

ExampleE. COntinued.

8 ''''
, ,

vo.....
. .

In this case, the appropriate collitio is 9% and
- , !

the appropriate row is for 5 year(s (time peri-
, .,

od): The entry Where the rdia and column in-

-tersect is 3.807-, therefore, the present value
.
. /L.

the annuity, formed by the cost savings 'as-'

sociated with the conservation measure, 'can be
6 . .

calculated by using Equation 4 as 011.ows;

PVAs($70q) .=,$700 x PVIFa (5. years, 9%)

= $700 x 3.8897

TVAs($700) = $2722.79,

(The PVIFa figure, was obtained from Data Table

4.)

ANALYSS OF ENERGY. PROJECTS,
USING PRESENT VALU5:0IF AN ANNUITY,

6 In general, the, energy specialist should employ these,

conceIots of energy economics 1When,any course of action is

under consideration which involves monetary costs indror

cost's savings. Once the casts and costisvings (benefit'i)

have been determined, they can be converted to, present value

and compared ,with one another to determine' if the project is

Worthwhile --,that is, if-the coat savings 9f the,Oroject'are

greater than its costs in present value terms. :11-le follow-
,

.ing.example (Example 1) is a detailed example of' horithe

preceding techniques can be smployed in-tfie,arialysis/ of an

energy project.

1
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EXAMPLE F: PRESENT VALUE' OF 'ANANNUITY OF COST SAVINGS.

Given: A building occupies 5100 sq6are feet (5.1 .x 103

ft2) of floor space, and the number of degree-
,

days/yr is 2363. A 10°F reduction in the tem-

perature of the building at night during the

colder part of the year would save 20,000 Btus

per square feet (2 x 10" Btu/ft2) of floor space

per ye/tr. 'The heating system is fueled by natu-

ral gas, and each cubic foot (ft') of natural

gas has 1000 BtUs of heat energy, -The price of

natural gas is $2.57 per thousand cubic feet

($2.57/M ft3). The heatinglunit will,be opera-

tional fpr an additional 20 years, and the in-
,

terest rate 10%.

Find: The cost savings per year associated with this

conservation measure, and. the present value of

the annuity of cost savings. 4

Solution: 2 x 10" Btu /ft2 /yr 10.2 x 107 Btu/yr total
x 5100 ft2 heat savings.

Since each cubic foot of, natural gas .has 1500

Btus Of heart content;

10:2-x 10 Btu/yr 10.2 x 10" yr
100.0 Btu /ft3 natural gas vings.

Natural gas cost is,$2.57 /M ft3 = $0.00257/ft3,

1-0.2 x 10' ft3/yr x $0.00257/ft3 = $262.11
savings per
year.

These yearly cost savings form a 20-year annuity

of $262.11 per year.:

therefore, Equation can be used to calculate

the present Aalue as follows:

108
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Example F.. Continued.
4_

PVA20($262.11)

PVA20($262.11)

=

=

=

$262.11 x PVIFe(20

$262.11 x 8.5136

$2 1.50.

years, 10%)

Therefore, ,this technique of turning down the

thermostats by.10 degrees during the colder part

of the year Tesults in cost savings. with' a pres-,

ent value of $2231.50../

PRESENT VALUE OF AN UNENDING ANNUITY OF COST SAVINGS

In many Cases, the. cost savings generated by an energy

conservation project will be permanent. f these savings

Are the Same amount each year, they form sort of "unending"

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

calculate-by using the following equation:

"AUnending(SM) SP

where:

PVAune 4ing ($M) =. Present value Of an annuity, of $M

per year for every year in the future.

$M = Amountiof the annuity.

r = Relevant.percentage interest rate.

This technique can be d4ful in situations where nothin

purchased but method of doing something is altered. it

is helpful loo t e following example (Example' G)':

'4

Equation 5

Page 20/EE-03
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gXAMPLE G: PRESENT VALUE OF AN UNENDING ANNUITY.

Given: As the light bplbs in the ha1l8 of an Office

building burn, out, they are to` be replaced with

ldwer wattage bulbs wuich will,continue to pro-

vide sufficient illumination. This Process will

result in cost savings of $300 per year for each

subsequent yeer. The interest rate is 7%.

Find: The present value ,of these cost savings.

Solution: These cost savings form an unending annuity of

$300 per year. Therefore, Equation 5 is.appli-
\

300
P

3unending(9 0.07
00)

PVAunending( $300) = $4285...71.

0

The caIcu/ation of the present value of an unendin annuity

is possible because the cost' savings have smaller resent

values the farther away in time they occur. At most interest

rates (excepttvery small ones) cast savings'beyond 50 years

will have very sm I present values compared to their orig-
.

'inal value.' Th efore, dependihg on the interest rate, all

cost savings that occur beyond. some year in the future have

present values that awe almost zero and do not need_to be

onsidered%

110
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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. In many cages, this situation is not realstic

since costs. are 'constantly changing. The energy specialist

must be able to eal with the situation where the flow of

cost savings cha ges from one year to the next. This type

of fluctuation,.called an irregular flow of cost savings-,

is dealt with in the following manner:- The present'va ue

is calculated by taking the sum of'the present valu

the savings associated with each year. This process is

demonstrated by Example-

f

EXAMPLE H: PRESENT VALUE OF AN IRREGULAR
FLOW COST SAVINGS.

Gi en: A retail store occupies -2.4 x 10" ft2 o.f floor

space and is open,for bu*Siness 3720 h/yr (12 h/d,

Monday through Saturday). For lighti4g, 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 emoval of two lamps from, every ojit7Tight

fixt g n the, store has been recommended. This

change wou d reduce illumination to 82.5 foot-

candles, which would maintain adequate illumina-
.

tion for store operation. the cost of electric-`

ity will be 3.4 cents per kWh for'the next 5
/
- years, at which time it will increase to 4 cents

per kyh. The relevant interest "rate is 10%.--

Page 22/EE-03
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Example H.' Continued.

The annual cost savings associated with--this

project, and the present value of these savings

over the next 10*years. ,

Solution: 375 . Number of fixtures
T -.where change is made.

40 W per lamp x 2 80 W saved per fixture
lamps chadged per whei.e change is made. ,

fiXture

Therefore,

*attip Conserved
375T fixtures x 80 W/fixture

= 15',000 W.

Since 10.00 W = 1 kW, the savings can also be

expressed ag'follows:

1.5000'' 15 kW.
1-000

Now, since the store is open 3720 h/yr, the

amount of energy saved per year i$ given by the

15 k* x 3720 h 55,800 kWh.

Tho cost savings for each.of the first 5 years

Are given as follows:
.0N

.55;8001S:1112.- $0.034/kWh = '$1897.20/yr.
O

Yr

After the fifth year,-whenthe price of elec-

tricity will increase, the annual cost savings

will be as follows:

55,800 kWh x $0,04/kWh = $2.322/yr.

`51
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Example. H. Continued.

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

-of $1897.20/yr for 5 yeaxs, followed by another

-year annuity of $23i2/yr. The present value

of these,co-s,t s4vings_qtay be determined by find-
,

-ing the present Glue of the cost savings asso-

ciated with each year (a series of fixed amounts)

and then taking .their sum. This process is shown

inTable 6.

A

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

Year
Cost

Savings
PVIF

(D,ata Table 2)
Pre4ent.
Value

1 $1897.20 0.9091 $1724.74

2 1897.20 0.8264, 1567.851,

3 1897.20 \ 0.7513 . 1425.37

4 1897.20 0.6830 1295.79

5° 1897.20, 0.6209 1177.97

6 2322.00 '0.5645 1310.77

7 2322.00 0.5\32 1191.65

8 2322.'00 0.4665 1083.21

9 '2322.00 0.4241, 984.76

10 2.322.00 0.3855 r .895.13

, . Total Piesent Value $12657.24
of Cost Savings

/lc

Page 24/EE-03
1J3

0

z$.



COST ESCALATION 'AND PRESENT VALUE

The most likely instance 'of an irregular flow of cost

savings is when energy costs increase, resulting in a greater

'potential cost savings each year. In this situation the

cost savings of -each year in the future are computed, using

the-cost escalation method presented in Module EE-02,"Ffnan-

cial Parameters Of Energy Economics." Then the present value

of each year's cost savings are added together (in the same

manner they were added in Example H of this module). The

following example (Example I) should make this procedure

easier to understand:

V

EXAMPtE COST-ESCALATION AND PRESENT VALUE.

Given:
0

Energy c onservation measures will result in

-savings 'of 3.6 x 108 ft3 of natural gasper, year

for 4' years. The price, of(natural gas is now_

$2.50/M ft3 and is expected to rise at a rate of
I

6% per year for the'next 4 years. The interest

rate, is 12%.

Find: The cost .savings associated with each of the

next 4-years andfthe total present value of the

savings.

Solution: Cost of natural Cost of'. FVIF (1 year, 6%)

gas after year° = natural = (obtained from
g.e 4 gas now Dag Table 1)

I

= $2.50 x 1.0600

= $2.65/M

Cost savings $2.65/M ft3 x 3.6 x 108 ft3
of_fiyst year

= $954.1
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Example I. Continued.

Cost of naturakl
gas after
2 years

Cost savings
of year

Cost of natural
gas after
3 years

Cost savinie
of third year

= $2.50 x 1.1236

= $2.81/M ft3.

= $2.81/M ft3 x 3.6 x 108 ft3

= $1011.60.

= $2.50 x 1.1910

= $2.98/M ft3.

= $2.98/M ft3 x 360 M ft3

= $1072.80.

Cost of natural
gas after = $2.50 x 1.2625
4 years

2 $3.16/M ft3.

= $3.16/M,ft3 x 360 M ft3

= $1137.60.

The present value of the cost savings of each

year is calculated and summed in Table 7.

Cost savings
of fourth year

TABLE 7. PRESENT VALUE OF COST SAVINGS.

.

Year
Cost PVIF'

- = Present Value
Savings'x_(Data Table 2) of Savings

1 $.954.00 0.8929 . $ 851.83,E ' .

2 1011.60 0.7972 &06.45

3. 1072.80 0.7118 - 763.62

.,,

4 1137.00 6.6355' 722.94

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

$,3144.84

a

tr
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CONCLUSION

The purpose of the techniques presented in this module

is to, give the student the ability to assess accurately the

costs and cost savings associated with Proposed energy pro-
.

jects. These' techniques and their underlying principles are

central to the types of analyses the energy specialist must

perform%

01%

r
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EXORCISES

'\r

.

1. In a plant where the value of steam isl$1.20 per million
.

. _

,--) 1;
.

. --Jc

Btus, a leak estimated to be one eight )11 of an inch in ")...

diameter was found in a steam,traCing $ine operating at
A4

100-'psig. The steam lass was at an an ar `rate of 540
v,

. million Btus (Figuie 1): , i........,

. 1

4000

3000

20_00

1000

0
0.025 0.05 0 1 -0.25 0.50 0:75 10

HOLE SIZE. UN.).

Figure 1. Heat Loss from Steam Leaks.:, 2

, 4

a. Determine.the annual savings associated with the

repair:of the leak. .

be, Assuming a 15-year life of replieand an interest

rate oft W, wha. t is the present value of the say-
*

irigs a7sociated with the repair ofthe ,steam-feak?

2. The'potential for saving energy lby regularf- monitoring.

boiler efficiency is;illuStrated by the detection, of a
k

Sete ioz°at baffle ihthe bailer wnich haaan estimated

repair cot of $1500 but-w4sted fuel' costing $40.50/d.I
f
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This manufacturing plant hadoil-burning boilers pro-

ducing approximately 100,000 po,unds of-steat per hour.

The °boilers were Modern and were equipped with

wide-range, fiow,-metrerini,. combutt4n. control. The

total systems were cai.efully set upi the combustion
.

was tested by the manufacturelhs representatives, and
'49

the installed boiler efficiency was determined.

A routine was set up to take integrated steam-
,

flow and oil-flow reaiings and to compke the boiler'
25::

efficiencies each day. ,A.rlanning chart Prof the daily

efficiencies was made so that perfofmance could be

compared, at a glance, with the original efficiency._

This procedure' worked well -for 'several years, with
. .

gradual degradation'showing the-need'for periodically

calling in the Control manufacturer's service engineer

for a combustion control tune-up.

During one periodvthe efficiency of one of the

boilers,, which generatedA0,000 lb of steam per.hol.w,

began tb decrease 'rapidly, dropping about 2% over a

2-week period. An analysis of other readings showed'

that the average flue -gas temperature,for that toiler

had deteriorated, causing the sigh 'flue -gas temperatule

and the resulting lower efficiency.

This' boiler had a total- daily steam flow of
be

1,440,000 lb, and each pound of steam absorbed 980 Btus

of heat in the boiler. TheAotal daily oil flow to

this boiler was 12,700 gallons:OfikOil/w4th a heating.

value of 139,300 Btu/g"al.' Thus, the boiler. efficiency

can be expressed as,followS:

- Page 30/EE-(113
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Sa

'Efficiency, %

v./

= 79.8%.

- heat absorbed
hedt input

f f1 440 GOO lb steam/d x 980 Btu/lb x 100%
121700 gal oil x 139,300 Btu/gal

Rate of heat less at a,decrease of 2% in efficiency

' Was- as- follows:

Heat input at 79.8% efficiency

= 12,700 gal/d, 139,300 Btu /gal

= 1769 Wtuid.

Heat -input at 7,7.896 effidiency

1,440,000 10.d. x
0.778

= 1814 MBiu/d.

Heat loss

At a -f

MBtu/dA

t of $0:90/MBtu, the-loss is as follows:

Cost of loss .

= 45 MBtu/d x $0090/MBtu

= $4(7%50/day.

Estimated repair cost for /I)

SUGGESTED ACTION

Establish a program to monitor boi er efLcitency,

1!)tool to control. energy waste.

SOURCE: An equiphipnt manufacturer:
1

T

$

119
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4

a. Assume that the boiler is in operation 365, d/yr..

and that the life of the repair is i year. The

interest rate is-10%. Should th,e,SeAir be done?

. b. Suppose that the cost of fuel is esca4ting.at

1% per month. Calculate the present value of the

cost savings. from 1 year of operation..

c. If'the minimum Iife'jof the repair is 2 years,

what is the, maximum amount Stile manufacturing plant

should be willing to pay for repairing the baffle?

Page 32/EE-03
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DATA TABLE 1.. FUTURE VALUE. OF $1'(FVIF).

P4od 1% 2% 3% 4% 5% ,6% 7% 9% 9% 104% 12s% 14% 16% 16% 11156 20% 24% 28% W. `39%

70)00 1 0200 1 0300 1 0400 1 0500 1 0600 1 0700 1 0800 1 0900 i 1000 1 1200 1 1400 1 1500 1 1600 1 1800 1.2000 1.2490 12800 1.3200 1.3600

1 0201 1 0404 1 0609 1 0816 1 1025 1 1236 1 1449 1 1664 1 1881 1.2100 1.2544 1 2996 1 3225 1 3456 1.3924 1 4400 1.5376 1 6384 1 7424 1.8496

3 10303 10612 1 0927 1 1249 1 1576 119:0 I 2250 I 2597 1 2950 133)0 1 4049 1 4815 1 5209 1 5609 1 6430 1 7280 1 9065 2 0972 2.3000 24155

4 I 0406 1 0824' 1 1255 1 1699 1.2155 1 2625 1 3108 1 3605 1 4116 1 4641 1 5735 1 6890 1 7490 1 8108 1.9388 2 0736 2 3642 2 3 0360 311210

5 19 05)0 1 104) 1 1593 1 2)67 1 2763 13382 14026 4 1 4693 1 5386 1 6105 1 7623 1 9254 2 0114 2 1003 2.2878 2 4883 2 9316 3 4 4.0075 4 6526

6 113615 1 1262 1 1941. 1.2653 1 3401 1 4185 1.5007 I 5869 1 6771 1 7716 1 9738 2 1950 2 3131 2 4364 2 6996 2 9860 3 6352 4,398A 52899

7 I 0721- I 1487 i 2299 I 3159 i 4071 1 5036 1 6058 1 7138 1 8280 1 9487 22107 2 5023 2 6600 2 8262 3 1855 3 6832 4 5077 5 6295

8
9

1 0829 1 1717 1 2668 1 3686

1 0937 1 1951 1 3048 1 4233.

1 4775

1 5513

1593.9
I 6895

1 7)82
1 8385

1 8509
1 9990

1 9926
2 1719

2 1436
2 3579

2 4760
2 7731

2.8526
3 2519

3 0590
3 5179

3 2784
3 8030

3 7589
4 4355

4 2998 56695
5 1598 6 9310

7

9 2
0 II 703

10 1 1046 1 2190 1 3439 1 4802 116299 1 7908 19672 2 1589 2 3674 25937 3 1058 3 7072 40458 4 4114 5 2338. 6 1917 4 8 5944 11 16 059 21.646

yr
11 1 1157 $1 2434 1 3842 1 5395 1 7)03 18983 2 1049 2 3316 2 5804 2853) 3 4785 4.2262 4 6524 5 1173 6 1759 7 4301 10 657 16 Ill 21 198 29 439

12 1 1268 1 2682 1 4258 1 6010 1 7959 20122 2 252 2 5182 2 8127 3 1394 (8960 4 8) 79 5 3502 5 9360 7 2876 8 9161 13 214 19 342 27 982 40.037.

13 .1 1381 1 2936 1 4685 1 6651 1 8856 2 1329 2 4098 2 7196 313650 3 4523 4 3635 5 4924 6 1528 6 8858 8 5994 10 699 16 386 24 758 36 937 64 45)

14 1, 1495 1 3995 1 5126 1 7317' 1 9799 2 2609 2 5785 2 9372 3 3417 3 7975 43871 6 2613 7 0757 7 9875 10 147 12.839 20 319 31 691 48 766 . 74 053

15 r 1610 - I 349 95580 .9 8009 .2 0789 2 3966 2 7590 3 1722 3 6425 4 1772 5 4736 7 1379 8 1371 9 2655 ,11 973 15 407 25 195 40 564 '64 358' 100 71

16 1 1726 1 3726 1 6047 1 8730 2 Ins 2 5404 2 9522 3 4259 3 9703 4 5950 6 1304 8 1372 9 3575 10 748 14 129 18488131 242 51,923 84 953 136 96

17 1 1643 1 4002 1 6528 1 9479 .2 2920 2 6928 3 1588 3 7000 432 0645 6 8660 9 2765 10 761 12 467 16.672 22 186 38 740 66 461 112 13 186 27

18

19

1 1961 1 4282 1 7024 2 0258
1 2081 14568 '1 7535 2 1068

2 4066
2 5270

2 2543
3 0256

3 3799
3 6165

3.9960
4 3157

4 7171
5 1417

5
6 1159 . 861 8

10 en
12055

12 375
14 231

14 462 2139 673

214
26623 48 038
31 948 59 567

85 070
108 89

148 02
'195 39

253 33
344 53

20 1 2202 1 4859 ) 9361 2 1911 2 6533 3 2071 3 8697 4 66)0 5 6044 6 7275 96963 13 743 16366 19 460 27 393 38337 73 au 139 37 257 9) 468 57.

21 1 2324 1 5157 18603 '2 2788 2 7866 3 3996 4 1406 50338 6 )088 2 4002 10803 15 667 18821 22 574 32 323 46 005 91 591 178 40 340 44 637.26

22' 1 7447 1 5460 1 9161 2 3699 2 9253 3 6035 4 4304 5 4365 6 6586' 8 1403 12 100 17 861 21644 26 186 38 142 55 206 113 57 228 35 449 39 866 67

23 1 2572 1 5769 19736 2 4647 3 0716 3 8) 97 .4 7405 5 8715 7 2579 8 9543 13 552 20 361 24 891 30 376 45 007 66 247 140 83 292 30 693 19 11786

24 1 2697 1 6084 2 0328 2 5633 32251 4 0489 5 0724 6 3412 7 9111. 9 8497 15 176 23 212 28 625 35 236. 53 108 79 496 174 63 374 ) 4 783 02 1602 9

25 1 2824 16406 2 0938 2 6658 3 3864 4 2919 5 4274 68485 86231 10834 17000 26 461 32 918 40 874 62 668 95 396 21654 478 90 1033 5 2180 0

26 1 2953 1 6734 2 1566.4 2 7725 3 5557 -, 4 6494 5 8074 7 3964 9 3992 1.1 9)8 19 040 30 166 37 856 47 414 73 948 114 47 268 51 612 99 A64 3 2964 9

27 1 3082 1 71369 2 2713 2 8834 3 7335 4 8223 6 2139 7 9881 (10 245 13 110 2) 324 34 389 43 535 55 000 87 259 137 37 332 95 784 63 1800 9 4032.2

le 1 3213 1 7410 2 2879 2 9987 3 9201 5 1117 6 6488 8 627, 11 )67 14 421 23883 39 204 50065 63 BOO 102 96 P6484 4)2 86 1004 3 2377 2 64832

' 29 1 3345 1 7758 2.3566 .3 1187 4 1161 5 4184 7 1143 9 3173 12172 15 863 26 749 44 693 57 575 74 008 121 50 197 81 511 95 g.1285 5 397 9 7468 0

30 1 3478 1 A11* 2 4273 3 2434. 4 32)9 5 7435 7 6123 10 062 13 267 17 449
,

29959 50950 66 211 85 849 143 37' 237 37 634 81 1645 5 41'42 0 10143

.
40 1 4889' 2 2080 3'2620 4 8010 '7 0400 10 285 '14 974 21 724 3)409 45 259 93 050 18888 267 86 378 72 750 37 1469 7 54659 19426 66520

50 1 6446 7 6916 4 3839 '7 1067 11 467 18 420 29 457 .46904 74 357 1)7 39 289 00 700 23 10133 6 1670 7 3927 3 9100 4 46890

60 1 8167 3 2810 5 8916 10 519 18 679 32 987 57946 101 25 17609' 304 48 897 59 25969 383 9 73701 20555 56347
fV1F > 99.999

.., 1 r.1..
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DOA TABLE 2. PRESENT VALUE OF $1' (pvin.

Period 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 12% 14% 15% 16% '518% 20% 24% 28% 32% 36%

. 1 .9901 9804 .9709 9615 .9524 .9434 a346 9259 .9174 9091 .8929 .8772 .8696 .8621 8475 8333 .8065 7813...7576 .7353

2 :9803 .9612 .9426 a246. .9070- 8900 .8734 8573 .8417 8264 .7972 .7695 7561 7432 .7182 6944 6504 6104 .5739 6407

3 .9706 .9423 9151 8890 .8638 .8396 £163 .7938 7722 7513 .7118 .6750 6575 .6407 6086. ..5787 .5245 4768 .4348 .3975

'4 .9610. a238 '.8885 .8548 .8227 .7921 7629 7350 .7084 6830 .6355 .5921 5718 5523 5158 4823 4230 .3725 .3294 .2923

5 .9515 %9057 8626 8219 .7835 7473 7130 6806 6499 6209 5674 .5194 4972 4761 4371 4019 411 -.2910 .2495 .2149

6 .9420 .8375 .7903 7462 7050 6663 6302 5963 5645 5066 4556 4323 4104 .3704 .3349 .2751 .2274 1890 .1580

7 9327 8706 8131 .7599 7107 6651 6227 5835 5470 5132 4523 3996 .3759 ,3538 3139 .2791 2218 1776 1432 1162

8 .9235 .(154 .7894 .7307 16768 .6274 5820 5403 1 5019 4565 .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 6139 .5584 5083 4632 4224 3855 3220 2697 -2472 2267 .1910 1615 1164 0847 0623 .0462

11 .8963 8043 .7224 .6496 .5847 5268 4751 4289 3875 .3505' 2875 .2366 .2149 1954 1819 0346 .0938 0662 C472 .0340

12 .8874 7885 .7014 6246 5568 4970 4440 3971 .3555' 3186 ',2567 2076 1869 1685 .13742, '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 .6419 .5553 4810 4173 3624 3152 2745 .2394 1827 1401 1229 .1079 .0835 .0649 .0397 0247 .0155 .0099

N i'
16 8528 .7284 4232. .5339 4581 .3936 3387 .2919 2519 .2176 1631 1229 1069 0930 1.0541 . .0320 .0193 0118 .0073

17 8444 7142 6050 .5134 4363 .3714 .3166 .2703 .2311 1978 1456 1078 0929' ,0802

'0708
0600 0451 .0258 .0150 .0089 .0054

18 .8360 7002 5874 4936 .4155 .3503 2959 .2502 .2120 1799 1300 0946 .0808 .0691 0508 .0376 .0208 .0118 .0068 .0039

19 0277 6864 .5703 4746 3957- 3305 .2765 .2317 1945 1635 .1161 0829 .0703 0596 ,0431 0313 0168 0092 .0051 .0029

20 8195 .6730 .5537 4564 .3769 .3118 .2584 2145 1784 1486 1037 0728 0611 0514 0365 0261 0135 0072 .0039 .0021

25 .7798 .6095 4776 .3751 ":2953 .2330 1842 1460 1180 0923 0588 .0378 .0304 0245 .0160 0105 .0046 0021 0010 0005

30 7419 .5521 4120 3083 .2314 .1741 1314 0994 0754 0573 .0334 .0)96 0151 0116 0070 0042 .0016 0006 .0002 .0001

40 6717 4529 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 i.5504 .3048 .1697 .0951 .0535 .0303 0173 0099 0057 0033 .0011 .0004 0002 0001
..

*TM facto.' os zero to tout &mat pieces.
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DATA TAT 3. FUTURE VALUE OF AN ANNUITY OF $1 (FVIFa).

Number of
Potiods 1% 2% 3% 4% `S% . 6% 7% 1% 5% 10% 12% 14% 15% 14% 11% 20% 24% 21% 32% 36%

1 , 1 0000 10000 1 0000 1 0000 1 0000 133000 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 10000 10000 10000 10000 1 0 0 0 0 . 1 0 0 0 0 1 0 0 0 0 1.0030 1 00002 2 0100 2:0200 2 0300 2 0400 2 0500 2 0600 2.0700 2 0600 2 0900 2 1000 2 1200 2.1400 2 1500
,3

2 1600 2.1800 2 2000 2 2400 2.2800 2 3200 2.360030301 3 0604 30909 3 1216 3 1525 3 1836 ,3 2,49 3 2464 3 2781 3 3100 3 3744 34396 4725 3 5056 3 5724 3.8400 3 7778 39164 4 0624 4 20964 0604 4 1216 4 1636 4 2465 4 3101 4 3746 4 4399 4 5061 4 5731 4 8410 4 7793 4 9211 9 9934 5 0665 5 2154 5.3680 5 6842 8.0156 6 3824 6.72515 5.1010 5 2040 5 3091 5 4163 5 5256 5 6371 5y7507 5 8666 .59847 6 1051 6 3528 6 6101 6 7424 i1.1 8771 7 1542 7 4416 8 0484 8 6999 9 3983 10 146
8 6.1520 6.3081 6 4684 66330 6 8019 6 9753 7 1533 7 3359 7 5233 7 7158 8 1152 8 5355 8 7537 8 9775 9 4420 9,9299 10 990 12.135 13 405 14 7967 7,2135 7 4343 7 6625 7 8983 8 1420 8 3936 8 6540 8.9228 9 2004 9 4872 10 089 10 730 It 066 41413 12 141 12 915 14 616 16.533 186e5 21 1268 a 2857 8 5830 8.8923 9 2142 9 5491 9 8975 10 259 10 636 11 028 11 435 12 299 13 232 13 726 14 240 15 327' 16 499 19.122 22.163 25 678 29.7319 9 3886 9 7546 10.159 10 5432 11 026 11 491 11 978 12 487 13 021 13.579 14 775 16 085 16 785 17 518 19 085 20.798 24 712 29 369 34 896 41.43510 10 462 10949 .11 483. 12006 12 577 13 180 13 816 14 486 15.192 15.937 17 548 19 337 20 303 21 321 23.521 25 968 31 643 38 592 47061 57 351

11 566 12.168 12 807 13 486 14 206 14 971 15.793 16'645 17 560 18 531 20.654 23 044 24 349 25.732 28 755, 32 190 40 237 50 398 63 121 7899812 12 682 13.412 14 192 15 025 15 917 16 869 17 888 18 977 20 140 21 384 24 133 27 270 29 001 30 850 34 931 39 580 so 894 65 510 84 320 108 4313 13 809 14 680 15 617 16 626 17 713 .18 882 20.140 21 495 22 953 24 522 28029 32 088 34 351 *786 42 218 48 496 ¢4109 84852 112.30. 148 4714 14 947 15 973 17 086 18 291 19 598 21 015 22 550 24 214 26 019 27 975 32 392 37 581 40 584 4'5 672 50 818 59 195 80 496 109 61 149 23 202 9215 16.096 17293 18 598 20023 21 578 23 276 25 129 27 152 29 360 31 772 37 279 43 642 47 593 .,51 659 60 965 72 035 100 81 141 30 197 99 276.97
16 17 257 18 639 20.158 21 824 23 657 25 672 271388 30 324 33 003 35.949 42 753 50 980 55 717 60 925 72 939 87 442 126 01 181 86 262 35 377 6917 18430 20 012 21 761 23 697 25 940 28 212' 30840 33.750 36 973 40 544 48 883 59 117 66 075 71 6'73 87 068 105 93 157 25 233.79 347 30 514 6618 meta 21 412 23 414 25 645 28 132 30 905 33 999 37 450. 41 301 45 599 55 749 68 394 75 838 64 140 103,74 tea I 1 195 99 300 25 45944 700.9319 20 810 22 840 25.116 27 671 30 639 33 760 37 379 41 446 46 018 51 159 63.439 78.969 68 211 98 603 123 41 154 74 24403 38532 607 47 954 2720 22.019 -24 297 26870 29 778 33 066 36.785 40 996 45 762 51 160 57 275 72 062 91 024 102 44 115 37 146 62 186 68 303 60 494 21 802 88 1298 8
21 23 239 25.783 28 676 31969 35.719 39 992 44 865 50 422 56 784 64 002 81 693 104 78 118 81 134 84 174 02 225.02 377 443 633 59 1080,7 1767 3.22 24 471 27 299 30 536 34 248 38 505 43 3'92 49 005 55 456 -82 873 71 402 92 502 12043k 137 63 157 41 206 34 271 03 489.05 811 99 1401 2 2404 623 25 716 28.845 32 452 38617 41 430 46 995 53 436 60 893 69 531 79 543 104 60 138 29 159 27 183 60 244 48 326 23 582 62 1040 3 1860 6 3271 324 26 973 30.421 34 426 39082 44 502 50 818 58 176 86.764 76 789 88 497 118 15 158 66 184 213 97 289 49 392.48 723 48 1332 6 2443 8 4449 925 28243 32 030 36 459 41845 47 727 54 864 63 249 73105 84700 98347 133 33 181 87 212 79 249 21 342 60 471 98 898 09 1706 8 3226 8 6052 9
26 29 525 33 670 38 553 44 311 51 113 59 156 68 676 79 954 93 323 109 18 150 33 20833 245 71 29006 405 27 567 37 1114 6 2185.7 4260 4 8233027 30 820 35 344 40 709 47 084 54 669 63 705 74 483 87 350 102,72 121 09 169 37 238 49 283 56 337 50 479 22 681 85 1383.1 2798 7 9624 7 11197 928 32 129 37 061 42 930 49 967 58 402 88 543 80 697 95 338 112 96 134 20 190 69 272 88 327 10 392 50 566.48 819 22 1716 0 3583 3 7425.6 15230 2. 29 33 450 38 792 45 218 52 968 62 322 73 639 87 348 103 96 124 13 148 63 214 58 312 09 377 16 -.458 30 669 44 984 06 2128 9 4587 6 "9602 9 20714 130 34 764 40 568 47 575 50084 66 438 79 058 94 460 113 28 136 30 164 49 241 33 393 78 434 74 530 31 790 94 1181 8 2640 9 5873 2 12949 28172 2
40 48886 60 402 75 401 95 025 ,120 79 154 76 199 63 259 05 337 88 442 59 767 09 1342 0 1779 0 2360 7 4163 2 17343 8 22728. 693774 50 64 483 64 579 112 79 15268 209 34 290 33 406 52 573 76 8t5 Oa 1163 9 24000 4994 5 7217 7 10435 21813. 4549760 81 669 114 05 16305 237 99 353 58 533 12 813 52 1253 2 1944 7 3034 8 7471 6 18535 29219 46057 . .
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4

DATA TABLE 4. PRESENT VALUE OF AN ANNUITY OF $1 (PVIFa).

12'7

Hareem of
payments 1% 2% 3% 4%,' 6% 5% 7% 6% 6% 10% 12% 14% 15% 16% 11% 20% 24% 2111. 32%

1 0 9901 0 9804 09709 0 9615 0 9524 0 9434 0 9346 0 9259 0 9174 0 9091 0 8929 0 8772 0 8696 0 8621 09475 0 8333 0.8065 0 7813 0 7576

2 1 9704 1 9416 1 9135 -1 8861 1 8594 1 8334 1 8060 1 7833 1 7591 1 7355 1 6901 1 6467 1 6257 1 6052 1.5656 1 5278 1 4568" 1.3916 1.3315

3 2 9410 2 8839 2 8286 2 7751 2 7232 2 6730 2 6243 2 5771 2 5313 2 4869 2 4018 2 3216 2 2832 2.2459 2 1743 2 1065 1.9813 1 884 1.7663

4 3 9020 3 8077 3 7171 '3 6299 3 5460 3 4651 3 3872 3 3121 3.2397 3 1699 30373 2 9137 2 8550 2 7982 2 6901 2 5887 2 4643 2 2410 2 0957

55- 4 8534 4 7135 4 5797 4 4518 4 3295 4 2124 4 1002 3 9927' 3 8897 3 7908 3 6048 3 4331 3522 3 2743 3 1772 2 9906 2 7454` 2 5320 2.3452.3

6 5 7955 5 6014 5 417/ 5 2421 5 0757 4 9173 4 7665 4 6229 '''4 4859 4 3553 4 1114 3 MP 3 7645 3 6847 3 4976 3 3255 3 0205 2 7594 2.5342

7 6 7282 6 4720 ' 6 2303 6 0021 5 7864 5 5824 5 3893 5 2064 5 0330 4 8684 4 5638 4.2883 4 1604 4 0386 3 8115 16046 3 2423 2.8370 2 6775

8 7 6517 7 3256 7 0197 6.7327 6 4632 6 2098 5 9713 5 7466 5 5348 5 3349 4 9676 4 6389 4 4873 4 3436 4.0776 3.8372 3 4212 3 0758 2 7860

9 8.5660 8 1622 7 7861 7 4353 7 1078 6 8017 6 5152 6 2469 5 9952 5 7590 5.3282 4 9464 .4.7716 4 6065 4 3030 4 0310 3 6655 3 1842 2 8681

10 9 4713 8 9826 8 5302 8 1109 7 7217 7.3601 7 0736- 6 7101 6 4177 6 1446 6502 5 2161 5 0188 4 8332 4 4841 4 1925 .3 8819 3 2689 2 9304

11 10 3676 9 7888 9 2526 8 7605 8 3064 7 8864 7 4987 7 1390 6 8052 6 4951 5 77 5 4527 5.2337 5 0286 4 6560 4.3271 3 7757 3 3351 2 9776

12 11.2551 10 5753 9 9540 9 1851 8 8633 8 3838 7 9427 7 5361 7 1607 6 8137 6 944 5.6603 5 4206 5 1p1 4 7932 4 4392 3 8514 3 3868 3 0133

13 12 1337 11.3484 10 6350 9 9856 9 3936 8 8527 8 3577 7 9038 74869 7 1034 4235 5 8424 5 5831 t. 3423 4 9095 4 6327 3 9124 3 427: 3 0404

, 14 13 0037 12 1062 11 2961 10 5631 9 8986 9 2950 8 7455 8 2442 7 7862 73667-6.6282--60023_51245--5_4676 5-0361_ -4 6106 3 9616 3 4f67 30609

15 13 8661 12 8493 11 9379 11 1184 10 3797 9 7122 9 1079 8 5595 8 0607 7 6061 .6 8109 6 1422 5 8474 6 5755 5 0916 4 6755 4 0013 3 4834 3 0764

1. '
16 14 7179 13.5777 12 5611 11 6523 10 8378 10 1059 9 4466 8 8514 8 3126 7 8237 6 9740 6 2861 6 9542 5 6685 6 1624 4 7296 4 0333 3 5026 3 0382

17 15 5623 14.2919 13 1661 12 1657 11.2741 10 4 773 9 7632 9 1216 8 5436 8 0216 7 1196 6 3729 6 0472 5 7487 5 223 4 7746 4 0591 3 5177 3 0971

18 16 3983 14 9920 13 7535 12 6593 11 6896 10 8276 10 0591 9 3719 8 7566 8 2014 7 2497 6 4674 6 1280 5 8178 5 732 4 8122 4 0799 3 5294 3 1039

19 17 2260 15 6785 14 3238 13 1339 12 0853 11 1581 10 3356 9 6036 8 9509 8 3649 7 3658 6 5 61982. 5 8775 6 152 4 8435 .N.4.0967 3.5386 3 1090

20 148 0456 16 3514 14 8775 13 5903 12 4622 11 4699 10 5940 9 8181 9 1285 8 5136 7 4694 6 1 6 2593 5 9288 5 3527 4 8696. 4 1103 3 5458 3 1129

25 22 0232 19 5235 17 4131 15 6221 1.10939 12 7834 11 6536 10 6748 9 8226 9 0770 7 8431 6 8 6 4841 6 0971 ,6 4669 4 9476 4 1474 3 5640 3 1220

30 .25 8077 22 3965 19 6004 ,17 2920 15 3725 13 7648 12 4090 11 2578 10 2737 9 4269 8 0552 7 6 5660 6 1772 5 5168 4 9789 4 1601 3 5693 3 1242

40 32 8347 27 3555 23 1148. 19 7928 17 1591 15 0463 13 3317 11 9246 10 7574 9 7791 8 2438 7 1 6 6418 6 2335 .5 5482 4.8966 4 1659 3 5712 3 1250

50 39 1963 31 4236 25 7298 21 4822 18 2559 15 7619 13.8007 12 2335 10 9617 9 9148 8 3045 7 1327 6 6605 6 2463 5 5541 4 9995 4 1666.. 3 57114

60 44 9550 34 7609 27 6756 22 6235 18 9293 16 1614 14 0392 12 3766 1.1 0480 9 9672 8 3240 7 1401 6 6651 6 2482 5 5553 4 9999 4 1667 3 57
33 1125c250
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1

GLOSSARY

4 e 4

Annuity,: The recurring receipt or expenditure of a constant
aollar 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.

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
yields the future amount an annuity will grow if

invested at a specified rate.

Irregul r flow of cost savings: A change in-the flow of
cos 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.

Unending annuity: A constant stream of funds-that has an

unlimited life.

*G.

4
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INTRODUCTION

In many cases, money must be spent to implement/or'con-

tinue an energy conservation program, butIteeXact amount

of money - required -can vary, d.ependin'g.on the,, -size of the pro-
.

ject and other factors For instance, buying and installing

insulation in a large home would be a more costly project

than repairingseveral sMall leaks in a natural gas line.

Since energy (fuels) casts money, anything that saves

energy saves money.. The more money an eller,* conservation
. .,

project costs, Ahe more money it must save and; therefore,

the moretenergy it must save. The important consideration

concerni.ngany energy conservation project is how its ciolt

savings compare with its cost's. in present-value terms An

energy specialist, therefore, must.be able to determine accu-

rately the cost of an energy project andthe cost savings it

will generate, and then convert these Tigures.to present

value. By now, the student should be familiar with ,the cal-

culation of present value whet costs and cost savings are

given.p

This module explains several concepts, techniques, and

factors which can be helpful in the accurate determination
..

of costs-and cost savings. Present-value techniques are only

as good as the cost estimates on which they are based; there-%

for , theenergy Specialist must be concerned with the accu-

racy of cost and cost-savings4figures.

In this module,'the student is introduced'to several

factors that can affect the actual level of the costs and

cost savings of riergy projects. Often the actual level is

not whatit initally appears to be. The.irocess of borrowing

money to finane an energy project is disclssed, 'and the im-

pact on costs is demonstrated. Taxes and their effect on

costs and cost savings are explored. Finally, the concept of

12/
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tat

life-cycle costing 4s presented. In all cases, the student

is introduced eb techniques that adjust for these factors in

cost and cost-saving determinations.
Ca.

PREREQUISITES

The student should have a good understanding of basic

algebraic functionand should have cOmpleted,Modules EE-02,

and EE -03 of Energy Economics.

OBJECTIVES
1r

2

Uponcompletion of this module,,the student Should be

able to:

'I. Define the following.termv:

a. Investment.

b. Down payment.

c. Installments.

d. Outstanding balance.

e. Tax deduction.

f. Marlinal tax rate.

g. Tax credit.

h. Life of investment costing period.'

i. Engineering, design, and development costs..

j. Product costs.

k. 'Operating cost.

1. Life-cycle cost. N

2. Given the appropriate information, Compute the following

a. The dollar effect of a tax deduction:

b. The dollar effect of a tax credit.

Page 2/EE-04 J
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,
3. nplain the effect of tax deductions and.cTedits on

the following:

a. Costs.

.b. Cost savings: A

4. betermine how much'of an installment payment applies

,to each of the following:.

a. Interest.

b. Reduction of principal.

5. Classify the costs of an energy project into
,

the

appropriate life-cycle costing categories, and rise e

the information to calculate the total cos.o..f own'ing

and operating an object or_system.

6. Analyze the way in which the costs of an energy project

relate to the cost savings it generates in present -value

terms.

7. -'De seribe the use of marginal analysis in the evaluation

of energy projects

I.

EE-04/Page 3*
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SUBJECT MATTER

FINANCES OF AN INVESTMENT

Whenever money is spent by an individual or by an orga-

nization on a project (system) or a product with the purpose

of reducing costs or otherwise making money; the object of 't

that expenditure is -called 'an investment. 'The process of

purchasing and installing the system or product is called'

making an investment. The size of the investment the

amount -of. money spent varies widely,' depending on the na-

ture of the'particular project,. When the investment is lark

often the person or business will borrow the money that is

needed because there is not enough-"idle cash" (money in the

bank,..that is qt being used for-anything else) available to

purAase the detired'equipment or system.. Obtaining money

to pay for an investment in energy cogservation is called .

financing the investment. Money for investment is normally..

borrowed from a bank although other organizations-, such,as

savings and loan companies, and insurance Companies, will also

lend money. It should be noted, however, that financing is

often obtaided- from inter l 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 boriower

for theuse of the lender's Money. The amount of interest

paid per year is usually some percentage of the amount bor-
.

rowed. This pefcentage is called the interest rate. A loin_

is usually paid 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 grocess of repaying a loan is shown

in Figure 1.,
c-

1-

135

-

E-04/Page



a.

MONEY -4

IS

BORROWED

-

SERIES OF

MONTHLY OR
YEARLY PAYMENTS

MAN BE AMY NUMBER)

TIME

Figuy'e 1. How a Loan is Repaid.

a

MONEY
IS ,

COMPLETELY

REPAID

I

'In most cases only part of the money.needed to begin

an energy conservation project is borrowed. Uspally, part

is paid initially and the remainder is borrowed. When this

happens, the initial amount paid is called the down payment,

and the payments to be made later 'are called installments.

Each ,installment consists'of two parts: (1) the interest

charge, and (2) the amount paid to reduce the total amount

borrowed.. The total amount borrowed is called the principal. .

Thus, the following equation can be stated: ,

Amount \of,

installm
Interest

Amount paid to

charge
+ reduce the 'Equation 1
principal.

VI 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 4istallment is given'by the

following equation:

Page 6 /EE -04
lab



Interest charge
Outstanding
balance when Interest

_portion of
installment

payment is rate,
made / Equation 2

After the interest charge has been determined, the #emaining

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 with every payment. This means
the interest charge will be different each
month, so the total payment will be differ-
ent each month.

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

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

forms o repayment.

EXAMPLE A: OUTSTANDING BALANCE REDUCED BY THE SAME AMOUNT.

Given;\ Three thousand dollars is borrowed to pay for

home insulation. The interest rate is 10%. The

outstanding balance of the loan is to be reduced

by $1,000 each year for 3 years.

Find: The,,interest charge and total installment-for

each of.the next 3 years.

-t\

gh-04/Page 7



Example A. Continued.

Solution: First year Outstanding Interest
interest = balance when x

rate
charge payment is made

= $3,000 x 0.10

= $300.

Amrstount
in-
of

Interest Amount principal
fi =

stallmdht charge is reduced

= $300 + $1,000

= $1,300.

autsi-anding balance at-the end-of the first--

year is $2,000,i

Second year
interest = $2,000 x 0.10
charge = $200.

Amount of
=secondin- 1200 + $1,400--

stallthent
= $1,20q.

The outstandiqg 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
stallment

= $1,000.

The outstanding balance at the end of the third

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

Page 8 /EE-04.
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EXAMPLE B: CONSTANT INSTALLMENT AMOUNT.

Given:

Find:

Solution:

Three thousand dollars is borrowed to pay for.

home insulatiidn. 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.

First year
interest = $3,000 x 0.10
charge

$300.

Amount the
outstanding = $1,000 $300
b'alance is
reduced $700,.

The outstanding balance at the end of the first

year is $3,000 - $700 = $2,300.

Second year
interest s= $2,300 x 0.10
charge

= $230.

Amount the
outstanding = $1,000 $230
balance is
reduced = $770%

0,
The outstanding balance at the end af the,second"

year is $2,300 - $770 = $1,530.

Third year .

.

interest = $1,530 x 0.10
charge = $153.

. . 14i

A
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Example B. Continued.

.\

Amount tiw
outstanding $1,000 -'$153
balance is
reduced = $847.

The, outstanding balance at thq,, end of the third .

year is $683

Fourth year
interest
charge

= $683 x 0.10

= $68.30.

The outstanding balance can be reduCed to zero

with one installMent:

Amount of. Interest Amount principal
Installment charge is reduced

= $.68.30 +.$683 . %

= $751.30.

Thus, the:loan can be repaidwiththreeS-1,000

installments, followed by an installment of

$751.30. The loan would take 4 years to repay.

It is obviou6 fiom the-calculations given in Examples A,

and B that the form of repayment can make a substantial dif-

yerence.in the amount of money that is paid back per year and

--"in the length of time the payments must be made. It is impor-

tant_to recognize that these payments are "costs" of an,energy

conservation project. each of these costs occurs at some

point in time, and the exact time each payment is made

very important because .of the time value of money. The
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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-

rowing and lending process.

4

TAXES ,

.Taxes can, have an important effect on costs because

taxes apply, to different 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 used 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 not have to be paid on that particular part. This.

pdlticular,part of-the ilicome-is-deductible-5--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-

ular,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, howevier, not all income

1.i taxed equally; greater amounts of income are)taxed at

highe,rates.

141
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EXAMPLE C: TAXES, TAX BRACKETS, AND DEDUCTIBLE INCOME.

Given: An individual is in the 25% tax bracket and

has earned $20,000.. Of that income, $5,000

was spent on deductible items.

Find: The amountof tax the individual must pay.

Solution: Amount Total' ,.Deductible
subject to -
tax

income expenses

c= $20,000 7 $5,000

= $15,000.

Tax which Amount
must be = subject x tax rate
paid to tax

= $15/000 x 0.25

= $3.750;
I

The tax rate that,applies to the last dollar of income earned

is called marginal tax rate. The marginal rate schedule for

an individual could be similar to the one shown in Table 1.

TABLE 1.' MARGINAL TAX RATES.

1st $2.,000 -

2nd $2,000 -

3rd $2,000 -

4th 12;000 -

,5th $2,000

6th $2,000 -

15% through $2,000),

19% ($2 001 through$4,000)

\22%'($4. 001 thrdugh $6,000)

25% ($6,001 through $8,000)

28%,($8,001'thraugh $10,000)

32% ($10,001 through $12,000)

-
.Page 12/EE-04
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Therefore, if a pers n with a marginal rate schedule like.

the one in Table 1 e ned $11,000 per year, the marginal.tax

rate on The last doll r earned would be 32%.
t'

EXAMPLE D: THE MARGINAL TAX RATE.

Given: An individual earns $10,500 per year and has a

deductible expens of $1,500. (Thelrate schedule

given in Table 1 s applicable.)

,Find: The after-tax cost of the $1,500':deduction.

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

ofthe expense would be taxable at 2'8%, so the

savings of the, deduction are P,000 x 0.28 = $280.

The total sa*.rings of the tax deduction are $160 +

$280 = $440. Thus,. the actualc-o-s-ti-s---$-1,-50D--

$440 = $rioo.

Whenever the marginal rate schedule is available, it should

be used instead of the average rate.
. ,

One important deductible expense is the interest paid on

borrowed money. In other words income used to pay interest

is not subject to federal income tax. If an individual is in

the 30% average tax bracket, then 30%.of that person's income

must be paid each year to the federal government. When this

individual borrows yhey to financean energy conservation

project, the interest payments are deductible and will lower

-EE- _04_/Page 13
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the actual cost of the project by reducing taxes paid.

example, if income-that is, used to pay interest were taxable,

then, of every one dollar earned, only 70% could be used to

spay 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 amountearned 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

a_payment of $500 beillt deductible when different tax rates

are applicable. /-

TABLE 2. 'SAVINGS OF TAX DEDUCTION.

Relevant
Tax
Bracket

Amount That Must Be
Earned If Pafment Is
Taxable

Amount If
Not,TaRable

.

,

'Savings of
TaR Deduction

10% .$ 555.56 $500 ,'$
t
55.56,

20% 625.00 560 125.00

30% 714.--29 500 , , 214.29

. 4-0% 833.33 I 500 333.33'

50% 1,000.00 500 '' 500.00
. .

Table 2 shows the obvious: that higher tax rates result

in more savings when an expense is deductible. ,People in

. higher brackets normally must pay a higher tax'; but when they

'do not have to pay the t (that is, the expense is deduct,

ible), then the savings is greater.



CORPORATIONS AND TAXES

Tax situations vary with ,diffeisent individuals and orga-
.

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-

nessesare 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 corpDfations earn quite a bit more than that

every year.) This fact can make the effect Of taxes on costs

and cost saving much easier to determine.

.Most business expenditures resulting from general opera-

tions are'tax 'deductible. Consequently,°the cost of business

investment in energy conservation is partially offset by tax

savings.. The financial benefit of lower energy bills is-also

affected by taxes,'as shown in Exam

d

EXAMPLE E: CORPORATIONS AND TAXES..

Glven: A corporation plans to sqt its. thermostats

higher in the summer months in its office_

building, and the savings in electricity will

be $4,200 per year. -The corporation pays 46%

of its income in taxes.

Find:. The actuda savings per year of the project.

b

ii5
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Example E. Continued.

o-

Solution: Since the corporation pays 46% af its income

in taxes, and siftce the electricity bill is a

business expense and, therefore, tax deductible,

when the corporation saves $4,200/ r,in expenses,

that $ ,200 bgcomes taxable. Thus, the corporal

tion's tax bill Would increase by $4 200 x 0.46

= $1,912/yr. The -actual savings is $ 00

e
$1,932 = $2,268/yr.

Example E implies an easy way to compute the actual

cost .savings per year* of an'energy project ,when tax°C4bnsid-
,0

',6ratl.ons,are'involved. ThiS[figUre is giVen by .the following

jotmuft:

Actual:'Obst
OiriginaI

-

dollar

\

`Applicable
savings = lx La.-

) Equation 3-
per year . savings tax rate ;9

per year. '

For _instance, consider the situ on in Example E as follows:

_ St SP.
Actual Cost
Sayings ; $4,20W (1 0.46)
Per = $4420 .(0.54)

4age 16/EE-04
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Equation 3 can be used for businesses or individuals;

it is essential, however, that the applicable tax rate be

known. 4

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 smaller.

Actual cost can be computed in a method exactly like

used in Equation 3.

TAX CREDII

AciiraI Original
cost cost

x (1 Tax rate) Equation 4

Occasionaly the government wants to encourage 'spending

en this is the case, a tax creditLI

is ofterirnstituted. A tax credit is a reduction in the tax

bill an individual or bu mess 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%060 - $600 = $3,400. Tax credits

can be expresd.a.s either a dollar amount or a percentage of

some other amount. Whenever a tax credit is associated with

an energy, project, it reduces the: cost of the project, .be-

cause money that otherwise would have bee ' aid in taxes can

ti e' used for something else. This cOncept should become

clearer with the 'following example ZExample F) :

ai4

147
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EXAMPLE F: TAX CREDITS.

Given: An individual buys insulation to install in his

or her home with personal Money (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.$1,0 O.

Find: The actual cost of the insulatto

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 foi the insulation,

$300 less is paid in taxes; Therefore, the total

amount spent is $1,000 - $300 = $700.

It should be clear at this point that- tax considerations

have a significant impact on both the costs and cos savings

of energy projects. This particularly applies to bu inesses,

where the costs are tax deductible and the cost sa ngs ate.

taxable. Often these considerations can completely change

the way the costs of an energy project compare to its cost

sa'ving's in present-value terms, and-for this reason, they are

very important.

1
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EXAMPLE G: CORPORATIONS AND TAXES.

Given:

Find:

A corporation purchases a microcomputer for.

- $15,000. The corporation is in the 46% tax

bracket.

The actual cost of the microcomputer to. the

company.

Solution: The microcomputer is a business eipen4e and is,

therefore, tax deductible. If income were not

spent on it, the income would be taxable; there-

fore, 4,6% of the'$15,000 would have been spent

anyway in the form of taxes. The actual cost is

54% of %15,000. Using Equation 4, the following-

may be written:

Actual = $15,000 x (1 0.46)
cost

$15,000 x 0.54

= $8,100:

LIFE OF AN INVESTMENT

Whenever the total cost and cost savings of an energy

project are calculated, some knowledges needed of how long,

the system or device will be working. An estimate of this.

figure can be obtained in a numbeer of ways. Often the lanu-

facturer of the equipmefit will have data regarding its, ex-

pected life. The way in which the expected life of an invesf-

ment is determined depends on the information available. It

should be emphasized that it is much better to underestimate

the life of an investment than overestimate it. If the equip-
.

ment lasts longer than it was supposed to, then the result is '

149
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additional cost sayings.' Howter, if a p1iece of-equipment

stops working before it's supposed to, ghen it will not

generate all the cost savings it should. In the latter case,

the cost of the project mightactually.b greater than the

cost savings, making the project unadvisable.

LIFE-CYCLE COSTING

Life-cycle costing is a technique that is useful in

determining the total cost of owning and using anenergy

conservation .device' such as a microcomputer' system. Energy

conservation projects can have coss'of4any different kinds:

purchase cost, installation cost, maintellance cost, labor

cost, anc so forth. Life-cycle costing bakes all of the

costs of an energy project and divides them into three cate-

gories- fty engine-ering-, -de-sigh,- and development costs;

(2) total const uction costs; and (3) operating costs. These

categories are fined as follows:

1. Engineering, design, and development costs: This

category includes all costs of making the project

workable; including the costs of designing, pro-

ducini, and applyipg the project to a given situ-

ation.

2: Construction: Includes the purchase price, in-
,

stallation, and all othercosts needed to get the
1

project into operation..

3. °Relying costs: Once the system is installed,

,.these are the costs of keeping it going. Such

.costs include maintenanoe, personnel, and so forth.

. Page 20 /EE-,04
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Several of these costs and the way they relate are shown in

Figure 2.

UFE CYCLE COST

ENGINEERING
COST

PROJECT
-ANALYSIS

.....401 CONSTRUCTION
COST

HARDWARE
PURCHASE

DESIGN OF
EQUIPMENT

FINANCE

,INSTALLATION

4

CKOUT

1 DEUVERY AND
TRAINING )

1

OPERATION COST

PERSONNEL

MAINTENANCE
**4:

A

INDIRECT COSTS

ENERGY AND
UTIUTIES

Figure 2. Elements of.Life-Cycke'Cost.

It should be pointed'out that not all factors listed in

Figure 2 apply to every energy conservation project. In fact,

in some instances a system or device simply Will,beb.sught

.and installed; therefore, no engineering or.de'sign costs are

involved. Opthe other hand, occasionally a system will have

to be modified for application to 4a 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

il
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installation of a solar-heating system to supplement a fuel-

oil-powered system in the. sate home might involve some design

work. A situation may-also arise where there.is some type of

cost that does not fit into one of thecategories shown in

Figure 2. In all cases, howeiver, the costs of an energy con-
.

servation project can be.classified as follows: enginpering

costs, construction costs, or operating costs.

The process of life -cycle costing is useful'because it

pro-yid-esa gaudmethod of Lomp4Liugdifferelii.proj-eLts which
a

have the "same function. A cooling system powered by electric-

ity has the same function as one powered by natural gas to

prov)4e a comfortable environment. The decision that is made

concerning which kind of system to use w411 depend on the"'

costs of each. The determination and analysis of these costs'

t\is not always an easy ma'ter,. however, because- not all costs

occur at the same time. n this,case,present:value tech-

niques become'necessary. A system must be designed before

it.is installed, so the design cost will occur before the
.

installation cost; a system must be installed before it ds

operated, so operation casts occur after installation costs.-

Figure 3 shows (1) when costs In the different categories

occur and (2) how the magnitude of each type of cost changes

over a period of time.

-Several things -should be no-ticed--about- Figure-3. There--

is some difference between the end of the costing period (the

period of time over which the costs are calculated) and the

end,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 underestimate the pe-

riod (as is done in Figure 3) rather than to overestimate it.

If the product:will last until the end of the costing. period,

then it will perfori all that is required of it to be

Page 22/5E-04

152:



t-o
O
a

ENGINEERING. DESIGN.`" AND
DEVELOPMENT COSTS CONSTRUCTION COSTS

OPERATING COSTS

STARTUP

..
1

END OF COSTING I

PERIOD/
DESIGN-AND CONSTRUCTION OPERATION / PRODUCTION

Figure 3. Stages of Life2CNcle Cost.

profitable since the decision to implement it was based on

the..'assumption thatiit would last until the end of the,cost-
..

ing period. It should also be noted that not all costs in

each category ooeur at one point in time. Operating costs

occur as long as the system is 'led, and engineering and con -

st'ruction costs cover shorter time periods, tending torise

and fall in magnitude.

To do a life-cycle costing analysis,, the following data

are'needed:

Cost elements

--Operating prolie---data regarding exactly what the_
system will do

Utilization factors to what exten,t the system will
be used.

Costs at current prices

What costs are likely to be in the future adjust-
ing current Prices for inflation with cost-escala,7 .

tion techniques

-.Costing period .on life

153
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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 Fib

compared to the life-cy,cle costs of other projects with the

same goal or function. This com'arison can be used to help

determine what should be done. The technique of life-cycle

costing is simply a method of incorporating all relevant

costs into the decision-makirig process. Following is a de-

tailed example of how life -cycle cost is determined:

EXAMPLE H: LIFE-CYCLE COSTING.

Given: An individual is,considering 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/ft2. The down Paymentwoul4 be 20%r

the design-and construction cost, with the re-

maining amount borrowed and paid back over a 20-

,year 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). the
. -

interest paid on the borrowed money is tax de-

ductible,,4nd the individual is in the 38% tax

bracket. DifIntenance costs for the system is

$100 for the first year and should be escalated

at 6% per year over the 20-year life of the

system.. The discount rate that should be used

in determing present value is 8%. '

Page 24/EE-04
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Example H. Continued.

Find: The present value of the total cost of owning

the system.

Solution: Total cost
associated with = ($15 /ft2 x 400 ft2) + $1,000
the present

= $6,000 t $1,000

= $7',000.

Down payment .= 20% of,original cast

= 0.20 x .$7000

$1,40-0.

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 calculated. Each

year in the future involves maintenanceT)sts and

repayment of,Tart of the loan (the interest on

vhich is tax deductible). Table 3 gives the cal-

culation of the present valve of the costa of each

year. When this is ded to the:down payment, the

total cost of:owning th system is obtained (in

presedt value terms)-

EE-04/Page 25_
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TABLE 3. PRESENT VALUE OF SOLAR-ENERGY SYSTEM COSTS.

A B'' C D E F C II I

Year

Outstanding
Balance at
end of year

Interest
Cost

(B x 0.09)

Amt. applied
to Principal
($613 - C)

Interest cost

after tax
C x (1 - 0.38)

Maintenance
Cost esca-
lated at-6%

Total.

Cost
(D +E +F)

-,
PVIF

Present

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 '429.27 112.36 541.63 0.79,38 429.95

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 445i29 167.71 443.79 133.82 577:61 0.6302 364.01

7 4,778.9e 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 4,179.42 376.15 236.85 470.06 168.95 639.01 0.4632 295.99'

11 3,0942.57 354.83 .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*0 213.29 720.40, 0.3405 245.30

15 2,761.93' 248.57 364.43 518.54 226.09 744.63 0.3152 234.72

16 2,397.50 . 215.78 397.22 531.00 239.66 770.66 0.29i9 224.96

17 2,000.28 180.03 432.97 544.59 254.04 798.63 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..29 500.95 613.57 302.56 915.93 .2145 196.47

Present value of hiture costs .$ 6,134.12

.
.

,-
Down payment 1,400.00

Present value of the cost of owning and operating solar-energy systr $ 7,534.12



EXAMPLE I: DETERMINATION OF COST SAVINGS.

Gpen: In Example H, suppose that the backup energy

source has a cost of $8/10' Btu and .is to be

escaated at 10% per year for each of the 20

years.. The annual energy load of the house is

152.83 x Btu. If 4001ft2 of collector area

is installed, it will supply approximately 43%

of the energy needs ofthe-home. The discount

rate is still 8%.

Find: 'The present value of the. cost savings associated

with the installation of this system.

Solution: Energy saved per year =143% x Energy load

= 0.45 x 152.83 x IV, Btu

= 65.72 x 106 Btu.

The cost savings per yea -can be computed by

escalating the energy price for each of the

next_29__years and then multiplying the .price

by the above figure. This is done, in Table 4,

where the present value is also taken.



.41

TABLE 4. PRESENT VALUE OF COST SAVINGS.

A B C D .

,

E F

-
..., _

%Annual Present

- Price of Energy Dollar Value

Energy Saved Savings PVIF of Savings

Year' (106 Btu) (106 Btu) (B x C) /(8 %) (D x E)

1 $ 8.00- 65.72 $ 525.76 0.9259 $ 486.80
______2_ 8.60 578.34 -0.8573 495.81-65.72

3 9.68 65.72 636.17 0.7938 504.99

4 10.65 65.72 699.92 0.7350 514.44

5 . 11.71 65.72. '769.58 0.6806' 523.47

6 12.88 65.72 846.47 0.6302 v 533.44

7 '14.17 65.72 931.25 0.5835, 543.38

8 . 15.59 65.72 1,024.57 0.5403 553.58

9 17.15 65.72 1,127.10' 0.5002 563.78

10 18.86 65.72 1,239.48 0.4632 574.13

11 20.75 65.72 1,363.69 0.4289 584.89
12 22.82 65.72 1,499.73 0.3971 595.54

13 25.11 65.72 -1,650.23 0.3677 606.79.

14 -27.62 65.72 .< 1,815.19 0.3405 618.07

15 30.38 65.72 1,996.57 0.3152 ,629.32

16 33.42 65.72 2,196.36 0.2919 641.12

"17 36.76 65.72 2,415.87 .2703 653.01

18 40.44 65.72 2,657.72 0.2502 664.96

19 44.48 - 65.72 _ -2,923.23 0.2317 677.31

20 48.93 65.72 3,215.68 0.2145 '689.76

Total Present Value of all cost savings $11,654.59-
, .

In comparing the results 'of Example I with Example H;

one can see that the cost savings of'the projeCt\are greater

than its costs. Befor,e the project is imp'emented, the costs

and Cost savings of alternatives should be investigated.

Primarily, the alternatives in this instance are collector

areas of different sizes. As can be recalled from studying
.
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the marginal analysis techniques. presented in Module EE-01,

"Fundamentals of Energy Cost Analysis," the marginal cost -of

adding a number of square feet of collector space should'be

compared clic) the marginal cost savings, and thes"best" Collec-

tor area- would be where the marginal cost equals the marginal

cost savings. The process could go the other way: the cost

savings associated with a smaller collector area in the

form of reduced installation cost =might be greater than the

value of the lost_energy,..In this case,. the number of .square

feet should be decreased until margirial cost equals mdfginal

cost savings.

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 energy projects will,be made.

160
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1
EXERCISES

4

1./ Computation of Payment Schedule.

A general contractor is building a pew 80-home

subdivision for which 80 new central air-conditioning

(heating and cooling) systems must be purchased. "If

purchased 'from CoMpany A, the units would cost $87,000.

Company A is willing to provide the units for 10% down,

and a payment schedule as follows (based on 15% interest

Year

NN,

Payment Due,Dec. 31

1

2

3
4

5

6

$23,000.00
23,000.00
23,000.00
2a,000.00
23,000.00
2,776.66

Company B will provide similar units for nothing

down and $26,000 per year for 5 years.
4

a. Complete the following payment schedUles, dis-

counting at 10%:

i -

.
COMPANY A

.

Year Payment
Interest

Cost
Amt. Applied.
to Principal Balance

Present Value
of Payment

0 $ 8,700.00
1 23,000.00 -

2 23,000.00 , ,

3 23,000.00 _

4 23,000.00
, 5 23,000.00

.6 ' 2,776.66, .....,

:Total PV from A' = f

0

161
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COMPANY B

Year Payment PV of Payments

I $26,000.00
. .

.

2 26,000.00

. 3 26,000.00 ,

4 26,000:00

5 26,000.00

--TataIPV of-cost
from B = )

From which company should the units be bought?

If the Contractor is in the 46% tax bracket, calcu-

late the follovingaOttional columns of the con-.

tractor's schedule:

(Year

Interest Cost
After Tax

Amt. Applied Total Cost

. to Principal of Payments
(same as above)

PV of
Payments

1

2

3

4
,

5'
.

.

6 .

.

d. Tax have what effecton e,total costs of a

company?

2. Tax Rate and Tax Credits.

'A major farm machinery. company has determined that

it is losing 80.93 billion Btu/year through chimney

stacks in its Oroductionvlant, as shown in Figure 4.

Its-engineering department knows that some of this heat

could be saved by the installation of recuperators. The

potential fbr heat recovery is shdp as follows (Figure

4):

Page 32/EE-04
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1. No 6 Belt Anneal 83,287 Btu/h burners.

Recovery factor estimated ac 3 z what is 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 burners $4,500.

2. No 3 Bolt & Nut Furnace 701,734 Btu/hr 13 burners
701.734 Btu/yr x 24 hrs x 310 days/yr 1,000,000 x

0.30 factor x $2.35/MM Btu $3,680.74/yr.

Est Cost S900 per burner x 13 burners $11,700.

3. No 4 Bolt & Nut Same as Item 2.

4. 3 Lindberg Heavy Duty Paceiakers. 6,488,017 Btu/hr

18 burners.

6,488,017 Btu/hr x 24 hrs/day x 310 days/yr= 1,000,000 x
0.30 factor x $2.35/14! Btu $34,030.95/yr.

Est Cost $900 per burner,x 18 burners $16,200..

5. No 14 Bearing Race Furnace 6 burners.

4,351 MM Btu/yr x 0.30 factor x $2.35/1!1t Btu

$3,067.46/yr.

Est Cost $900 per burner x6 burners S5,400.

6. No 3 Bearing Race Furnace 16 burners.

.7,590 MM Btu/yr x 0.30 factor x $2.35/M41 Btu

$5,350.95/yr.

$900 perburner x 6 burners $5,400.

7. No 2 Bearing Race Furriace 6 burners.

5,515 MM Htu/yr.x 0.30 factor x $2.35/"4! Btu
$3,888.08/yr.

Est Cost _$900 per burner x 6 burners $5,400.

8. 8 HOW-Pusher Furnace.

4,232 MM/Btu/yr x 0.30 factor x S2.35/M2t Btu

$2",983.56/yr.

Esc Cost $900 per burner x 17 burners $15,300..,

ummary:

Energy Saved 228-.167 therms\o-fsa

__Dot1Ars Saved S53..619-34 per year

Estimated Cast 175;600.

Is

a

. .

.Figure 4. -Calcurations Showing the Savings.by,
Use-of Recuperators on Furnaces.

Note: The estimated of'the recuperators is 10
years.

d,
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4It

a. If the cost of the fuel

what is the net pr

recuperators(Di

value is defined a

alates at 15%/year,

alue of instailing the

g at 10%)? Net pres9nt

"the present value of benefits

minus the present value of costs."
10.

.

.

C . D , E ,

.

, Escalated
Fuel Cost
Savings

at 15%/yr PVIF

.

PV
'Fuel cost

Savings

- -

PV Cost of
RecuperatorYear

1 .,

2

4

-

'3

5

6

7

8

10

.a.ft

yr
'

.

.

414,

(/

I

i

.,,

.

,

.

,

. .

..,

,

.

.

Total PV of
FueYCost Savings

Totl
Recuperator

.
.

[

PV of
Costs

CALCULATIONS:

Column

Year 1

Year 2

Column

'Column

Page 34i\EE -04

B: Previous

= $53,619.34

= $61,662.24

etc.

From Data Table 2, 10%.ratedl,

D = B X C

E = $75,600 cost from Figure 4

Year Cost x 1.15

x 14t5 =' $`61,662.24

x 1:15 = $10,911.58

164



. b. The farm machinery company is in a 46% tax bracket

1 and,is eligible for at$20,000 investment tax

credit. What is the after-tax 'credit? What is

the after-tax net PV of installing the recuperators?

Total Cost Savings (after tax) =

TCS x (1. 0.46') + $20,000 =

Total Costs (after tax) =

TC x (1 -. 0.46) =.

NPV (after tax) ,= TCS (AT) TC .(AT)

40.

165
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DATA TABLE 1. FUTURE VALUE OF $1 (FVIF).

law104 1X 2% 3% 4% 5% 6% 7% 5% 5% 10% 12% 14% 15% 16% 11% 20% 24% 211% 32'71 36%

1 1 0100 10200 10300 10400 10500 10600 10700 1 0800 I090() 1 1000 I 1200 I 1400, 1 1500 1 1600 1 11300 1 2000 1.2400 12800 13200 1 3600

2 I 0201 10414 1 0609 1 0816 1 1025 1 1236 I 1449 I 1664 1 1881 I 2100 I 2544 I 2996 I 3225 1 3456 1 3924 1 4400 1 5376 16304 1.7424 1 8496

3 I 0303 1 0612 1 0927 I 1249 1 1576 1 1910 1 2250 1 2597 1 2950 1 3310 1 4049 1 4815 1 5209 1 5609 1 6430 1 7280 1 9066 2 0972 2 3000 2 5155

4 I 0406 10824 I 1255 I 1699 I 2155 I 2625 I 4108 I 3605 1 4116 I 4641 I 5735 167390 I 7490 113106 I 9388 2 0736 2 3642 26844 30360 3 4210

5 10510 1041 1 1593 1 2167 1 276.1 1 3382 1 4026 t 4693 I 5386 1 6105 1 7623 1 9254 2 0114 2 1003 2 2878 2 4883 2 9316 3 4360 4 0075 0 6526

6 1 0615 1 1262 1 1941. I 2653 1'3401 1 4185 1 5007 1 5869 I 6771 17716 1 9738 2 1950 2 3131 2 4364 2 6996 2 9860 38352 4 3980 5 2899 6 3276

7 1 0721 1 1487 .1 2299 1 3159 1 4071 1 5036 1 6068 1 7138 1 8280 1 9487 2 2107 2 5023 2 6600 248262 3 1855 35832 4 5077 5 6295 6 9826 86054

8 1 0829 1 1717 1 2668 1 3686 1 4775 1 5938 1 7182 1 8'509 1 9926 2 1436 2 4760 2 8526 3 0590 3 2784 3 75139 4 2998 5 5895 7 2058 9 21/0
4

II 703

9 1 0937 1 1961 1 3048 I 4233 1 5513 1 6895 1 8385 1 9990 2 1719 2 3579 2 7731 3 2519 3 5179 3 8030 4 4355 5 1598 69310 9 2234 12 166 15 916

10 1 1046 1 2190 1 3439 1 4802 36289 I 7908 1 9672 2 1589 2 3674 2 5917 3 1058 3 7072 4 0456 4 4114 5 2338, 6 1917 '8 5944' 11805 16059 21646

II I 1157 1 2434 1 3842 1 5395 I 7103 1 8983 2 1049 2 3.116 2 5804 2 8531 3 4785 4 2262 4 6524 5 11730 6 1759 7 4301 10657 15 III 21 198 29439

12 1 1268 -1 2682 I 4258 1 6010 I 7959 2 0122 2 2522 2 5102 2 8127 3 1384 3 8960 4 0179 5 3502 5 9360 7 2876 8 9161 13 214 19 342 27 982 40.037

13 1 1381 1 2936 1 4685 1 6651 1 8854 2 1329 2 4098 2 7196 3 0658 3 4523 4 3635 5 4924 6 1528 613858 8 5994 10 699 16 386 24 758 36 837 54 451

14 1 1495 1 3195 1 5126 1 7317 19799 2 76(X 2 5785 2 9377 3 3417 3 7975 4 8871 :6 2613 70757- 7 9875 10 147 12 839 20 319 31691 41) 756 74 053

15 . 1 4610 1 3459 1 5580 1 8009 2 0789 2 3966 2 7590 3 1722 3 6425 4 1772 5 4736 7 1379 8 13/1 9 2655 II 9/3 15 407 25 195 40564 64 358 100 71

16 1 1726 1 3728 I 6047 1 8730 2 1829 2 5404 2 9522 3 4259 3 9703 4 450 6 1304 8 1372 9 3576 10 748 14 129 10 488 31 242 51 923 84 953 13596

17 I 1843 1 4002 1 6528 I 9479 2 2920 2 6928 3 1588 3 7000 4 3276 50545 6 8660 9 2765 10 761 12 467 16 672 22 186 38 740 -66461 112 13 186 27

18 1 1961 1 4202 1 7024 2 0258 2 4066 2 8543 3 3799 3 9960 4 7171 5 5599 7 690(3 10 575 12 375 14 462 19 673 26 623 40036 85 070 146 07 25333

19 1 2001 1 4568 1 7535 2 1068 2 5270 3 0256 3 6166 4 3167 5 1417 6 1159 8 61213 12 055 14 231 16 776 23 214 31 848 69567 108 89 195 39 344 53

-20 1 2202 1 4869 I 8061 2 1911 2 6533 3 2071 3 8697 4 6610 5 6044 6 7275 9 6463 13 743 16 366 19 460 27 393 38 337 73 864 139 37 257 91 468 57

21 I 2324 I 5157 1 8603 2 2788 2 7860 3 3996 4 1406 50338 6 1088 7 4002 10 803 15 667 10 821 22 574 32 323 46005 91 178 40 340 44 637 26

22 1 2447 1 5460 1 9161 2 3699 2 9253 3 6035 4 4104 5 4365 6 6586 8 1403 12 100 17 861 21 644 26 106 38 142 55 206 13 57 22815 44939 866 67

23 1 2572 1 5769 1 9736 2 4647 3 0715 3 8197 4 1405 5 8715 7 2579 13 9543 13 552 20 361 24 891 30 376 45 007 66 247, 14063 292 30 593 19 1178 6

24 1 2697 16084 2 0328 2 5633 3 2751 4 0469 5 0724 6 3412 7 9111 9 8497 15 178 23 212 28 625 35 236 53 108 79 496 179 63 374 14 783 02 1602 9

25 1 2824 1 6406 2 0938 2 6658 3 3864 4 2919 5 4274 6 8405 8 6231 19104 17'000 26 461 32 918 40 874 62 668 95 396 216 54 478 90 1033 5 2180 0

26 1 295) I 6734 2 1566 2 7725 3 5557 4 5494 5 8074 7 3964 9 3992. I1 918 19 040 30 166 37 856 47 414 73 948 114 47 268 51 612 99 1364 3 2964 9

27 1 3082 I 7069 2 2213 2 8834 3 7335 4 0223 6 2139 7 9881 10 245 13 110 21 324 39 389 43 535 55 000 87 259 137 37 33295 784 63 1000 9 4032 2

28 1 3213 1 7410 2 28 79 2 9'387 3 9201 5 1117 6 64: 062'11 11 16 7 74`427 may 39204 50065' -83 800 -302-96----16484---412-86---4004 .--237-7-7

29 1 3345. 1 7758 2,3566 3 1187 4 1161 5 4184 7 1143 9 1173 12 172 15 863 26 749 44 693 57 575 74 008 121 50 197 81 511.95 1285 5 3137 9 74580

.30 1 34/8 I 8114 2 4273 3 2434 4 3219 5 7435 7 6123 10062 13 267 17 449 29 959 50950 66 211 85 849 14337 237 37 634 81 1645 p 414 2 0 10143

40 1 4889 2 2080 3 7620 4 8010 7 0400 10 285 14 974 21 724 31 409 45 259 93 050 18888 267 861' 17872 750 37 1469 7 5455 9 19426 66520

50 1 6446 2 6916 4 3839 7 1067 II 467 18 420 29 457 46901 74 4367 117,39 289 00 700 23 1083 6 1670 7 3927 3 9100 4 46890

60 I 8167 3 2810 5 8916 10 519 18 679 32 987 57 946 101 25 176 03 304 48 897 59 2595 9 43839 7370 1 20555 66347
*FV1F > 99,899
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GLOSSARY

Construction costs: the costs of getting a workable project
into operation.

- Costing period: The period of time over which energy invest-

ment costs Ste calculated. It is determined by mange-
ment.

A,

Down payment:- The initial amount paid out of internal funds
for an energy project.

4 Edgineering, design, and deVeloOment costs:
The costs of

makipg a project workable.

Installments: A regular payment equal to the interest charge
plus some amount to reduce the principal of a loan.

, 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-
,

tipue to functio),

Marginal tax,rate: The percentage tax on the last dollar of

earned income.

Operating costs: The costs of 'keeping an energy system going.

Outstanding balance: The-principal of a loan minus all pay-
ments made-to reduce the principal.'

Tax briacket: The most recent tax rate for a person or

. business.

Tax credit: An expenditure which directly decreases a cor-

poration's tax b 1.

Tax deductible: Describe an expenditure which decreases a

corporation's taxable income:

Tax rate: The amount of taxes that 'must b,e paid dividtd by
the tatal income subject to taxes.

*.
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INTRODUCTION

'The goals of the energy specialist are to encourage

aximum energy-use productivity, economicatfficiency, and

cost minimization. These goals are accomplished by proper

application of certain economic'principles and techniques

'in a number of different situations. In most,instances,

the principles and techniques of energy economics will be

applied when some course of action related to energy produc-

tion, conservation, and use is under consideration. A num-

ber of factors must be considered with regard to any partic-

ular energy project. Some of these factors are identical

for all projects; some apply only to specific kinds of pro-

jects; and some apply only to unique situations.

This module presents several techniques that are used

in the analysis of ways in which costs and cost savings

of energy-conserliation projects relate to one ahother. The

calculations involved in these techniques are explained'

and demonstrated, and the information needed to perform

each calculation and the-resultgpf each calculation are

emphasized, as well as when each method should be used.

With these techniques, the specialist will be able to analyze-

accurately theeconomic effects of energy-conservation pro- r

jects or groups of projects.

.

PREREQUISITES

The student shouldhave a good understanding of-basic

algebraic functions and should have completed Modules EE -01;

EE -02, EE-03, and EE-04 of 'Energyjconomics..

171
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. OBJECTIVES

Upon completion of this module,.the student should be

able to:

1. Define the following-terms:

a. Replacement project.

b. Original project.

c. Mutually-exclusive projects.

d. Net cot savings.

e. Payback period.

f. Capital recovery factor.

I g. Benefits.

h. Benefit-cost ratio.

i. Net present value.

j: Internal rate of return.

2. Distinguish between original projects and replacement

projects and tell whether a group of projects is

mutually-exclusive.
. ,

*
.3. State what information is needed to calculate or deter-

mine the following:

a, Capital recovery factor.
,

b. Amount of cost savings needed per year to recover

original, cost.

c. New Lost Savings.

, d. Net present value.

e. Internal rate of return.

f. Payback period.

- 4- State the nature of the information provided by the

following methods:

a, Payback period.

.b: Benefit-cost analysis.

c., Net present value.

d. Internal rate of return.
t

. .

Page 2/EE-05
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4

5. Given the proper information, calculate the following:

a. Payback period.

,b: Benefit-cost ratio.

c. Net present value.

d. Internal rate of return.

6. Utilize the above methods when the cost 'savings per

year form an irregular how that is, when they are

not the same amount every year.

7. Ftxamine a group of energy conservation projeats and,

through economic,analysis, determine which should be

implemented. '
5

4'

EE-05/Page 3
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SUBJECT MATTER

REPLACEMENT 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

changes or modifies an energy-related system already in

use. An example of a replacement project is redticing the

ventilation in a building by changing the air vents in each

room. An original project inv
i

ollLes- the production and /

installation of an energy related system where the function

to be performed by the system i performed for the first

time when the system is impleme ted. Two example's of original

projects 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

1 to examine a projecl and determine whether it is a replace-

ment project or an original project.

With an original prOject, there are turo factors to

consider: (1) exactly what needs to be done, and (2)` what

different ways of doing it are available. If a new building,

is to be heated, for instance, there are a number o alterna-

tives available. It is the function of the ener,gy specialist

to ensure' that th%e new system is. .as economical as possi8le

With a replacement project; there also aretwo important

cons_iderations: (1) can the replacement project save money,

and (2) what alternatives are there. Once again, the energy

`specialist 'mist 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 implementing

replacement projeaks and original4ojects.

EE-05/Page 5
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MUTUALLY - EXCLUSIVE PROJECTS

Two or more energy conservation projects are,mutually-

exclusive if they perform t-e same function., For instance,

a solar-heating system with 400 square feet of collector

spade and one. with 600 square feet of collector space are

mutually exclusive pr jects since they both can heat a home

or building. Whenevertwo or more projects are mutually -

exclusive, only one should be implemented. "In a case where

more than one'Ql/-the projects are profitable, then the most

profitable one should be chosen. In other words, the solar

stem 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 profitihle pro-

ject should be implemented.

NET COST SAVINGS PER YEAR

A concept that is sometimes useful in the analysis

of energy projects is- the concept of net cost savings ftr

year. This technique considers each year separately and

determines the costs and cost savings of that year. Then

the following formula is used

Net cost savings Cost savings Cost in
for year n in.year n yearn

Wage 6/BE-OS

. Equation 1



This technique is acceptable- because.thq casts and cost .

savings occur in the, same time period and are comparable.

Once the net sayings are found, they can be discounted back

and compared to the original cost of the energy project.

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.

Find: The net cost savings per year of the project.

Solution: Use Equation 1:

Net cost
savings/yr

= Cost savings/yr costs/yr

= $800,- $100

= $700 /yr.

It should be noted that the costs and 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.

PAYBACK PERIOD

One common way to evaluate the costs and cost savings

of an energy project is called the payback-period. The

payback period is defined as "the length 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 inv stment.': If the savings each year

are donstant, the following formula can be used:

Payback'_ Initial.cost
period Net savings/yr

9

Equation 2

EXAMPLE B: PAYBACK PERIOD WHEN SAVINGS
EACH YEAR ARE EQUAL.

S:

Given: An individual instaqlt a microcomputer in his

or her home to encourage energy conservation.

The system has an original cost of $40Q0 and

will generate net-after-tax savings of $500 per

year.

Find:, The payback period of this investment.

Solution! Use Equation 2.

Payback Initial cost
period Net savings /yr1

$4000
$500/yr

8 years.

If the savings each year are not constant, then Equation

2 is not applicable. In this case, the savings from each

year are added until their sum equals he original invest-

ment. The year when 'the cost savings eq al the cost is

the payback period. The following exampl should make this

more. clear.

Page 8/EE-05
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EXAMPLE C: PAYBACK PERIOD WHEN SAVINGS
EACH YEAR ARE NOT CONSTANT.

I

Given:

Find

Solution:

In his example, suppose thaFt net cost saving.
fy

are $500' for the first year ,and will increase

12% each year thereafter,Vereas.the original

price of the system remains at $4000.

The payback period of this investment.

Consider the following table: f

TABLE 1. PAYBACK PERIOD WITH AN.IRREGULAR
FLOW OF CGST SAVINGS.

Year
Original savings c.

(1st year
Escalation
FV1F 12%

Actual savings
for year

Cumulative sa'vtligs
at end of >fear ,

0 $ son Given $500.00 .4$ 500.00

1 SOO 1.1200 560.00
**

1060.00

2 500 1.2544 627.20 1687.20

3 SOO 1.4049 " 702.1.145 , 2189.65

4 SOO 1.5735 786.75 3176.40

.5. '"' 500 1.7623 881.16 4057..T6

O

As Table 1 shows, the total cost savin, of the

project become equal to i19 cost at the end of

the fifth year. Thus, a rough estimate -of t4,

paytack_period.is 5 years.

Once the payback'period has been determined,, it can '

be examined in lfght'of the expected life of the investment

and the amount of money being spent. If the payback period ,

is a. short period .of time, the investment can _be considered

.attractive.

. 178
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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 net cost saving's of the fifth year- axe counted

equally`with thbse of the first year. Doing this tends

.i.toioveTstate the actual amount of net cost savings. Second,

the method igno res net cost savings beyond the payback period.

tAn°fpveStment might be rejected.ashaving a payback period

that istoo lengt hy,.although,°in reality, it could have

generated substantial savings after the payback period -which

would have made it profitable=,. In general, the payback-
, .-

petiod:methodshould be used only as a quick, 'first metho

of looking at inyesttent proposals. It should never be

`used as the onlAbasis of acceptIhg t,r rejecting an energy

conservation project.

. ---

-CAPITAL RECOVERY FACTOR

1 _,

-.The capital recovery factor is a numb'er that shows
,what p- centage-of the original cost of an investmentmust.

°.
be ge erated each' year in net cost siings4Or.the original

amount'spenh to be recovefed.' Theterm "dapital",isused

, to describe.the original'amount of money spent on the energy
o

conservatf'on project..1 This technique is similar to the

paybacli. petiod method ip that its emphasis is on recovering

the ortg4nalcost of the'project: Howbvef, it does account

for the time- value 'of, Money and . can be_ used:NITI a technique

knokn'as berieiitIcOSt analysis, to determine, the

of a proposed investment. Thit technique assu 'that .the
V v-0.

net costoavings,of.each ye'ait. will be identical, Alit follow-
.

,
- ... . ! ' -

ing formula can b'e used to obtain the amount` of cost saving's
.. .

1 needed per. year iosrecover the origi8n al amount i4ve;ied..;
1

. .

--_
'4 . ! d

. 4A °
(

- ,,Page i0 /E£' -'0i'
.

,
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Net cost savings Amount of Capital
needed/yr to = original X recovery Equation 3
recover original investment factor
investment

To obtain'the appropriate capital recovery factor,

the following information is needed: the lifeof the invest-

-. ment and the applicable interest rate. This information

can be used to Obtain the capital recovery factor from a

Capital Recovery Factor Table similaf to the one shown in

Table 2.

TABLE 2. CAPITAL RECOVERY FACTOR.

Years
. ,

Interest Rate (%)
.

10% 12% 4 - 15%

5 . .0.2638 0.2774 0.2983

8 0.1874 0.2013 0.2228
12-

10 0.1628, 0.1770 0.1992

15 6.1315. 0.1468 Q.1710

20 0.1175 0.1339 0.1598

25 0.1102. 0.1275 0.1547

30 0.1061 0.1241 0.1523

2,

.
.

. -

,

-The proce4s of finding the net 'Cost savings needeA
. , . -

%

per year 'is demonstrated'in-Example D. .

1.44°

A
1

8 I

4
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EXAMPLE D: USE OF THE CAPITAL RECOVERY FACTOR.

Given:

%Find:

An energy conservation project-withanexpected--

life of 24 years has aiY original cost Of $3300.

The interest rate is 10%.

The net sayings needed per year to recover the

original $330.0. .

Solution:- Table 2 shows that, the capital recovery factor -

st .

associated with 20 years and,109ois 0.1175.

. Ther re, Equation'3 can be used as, follows:. %

Net cost savings (7
Amount of Capital

recover v iginal
needed/yr to

= original x recovery,

investme
investment factor

nt

= $3300,x 0.1175

= $387.75.

So, if the project merated'net cost savings of

$387.75/yr for 20 years, then the prescnt value

of the savings would eopyl $3300,if discounted

at a rate of 10%.

_71

1

BENthT-:COST ANALYSIS

The net cost savings of an energy project are often

called the benefits of the project. rf the actual net cost

savings per'year are identical aVd known, they can be used

to compute"the benefit-cost ratio. The, fbrmula for this

ratio is aS5follows:
. -

yQ ,
. , ,:siy

, sz

Page 12/EE-05
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'Benefit-cost Actual net cost savings/yr Equation 4
ratio Net cost sayings/yr needed to

recover origirial .investment . .;

... I . 1 e.

,The -lower part of the formula shown. in Bquation 4 is obtained

by using, Equation 3. If the benefit -cost, ratio is laiger
&

than one, then the net cost savings'oilica project (or its

benefiti) exceed its Cost aTia the inl4stment rs-prof:itable.

On the other.hand, if the number obtained by Equation 4

is less than one, then the net cost savings'neededTer year

are greater than those actually. obtained and the investme4t.

is not profitable. /:

s

O

EXAMPLE E: BENEFIT-COST:4ATIO.

4

Given:' The assumptionithat the project in Example D.

results in net cost savings of $80-0 per:year.

The benefit-cost ratio'a nd determine whether

the Project is profitable or not,.

Solution: Example D shows the net cost saVipgs needed to
rt

recover t e origina investmentlare

$387..75

1.2895.

'8incethe'benefit7Cost ratio_ is greater

one,.tAe i vestment is fiofitable:

r.

ZOO

e

1
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It ihould be noted that if the benefit-cost ratio is.-

exactly equal to one, then the-energy 'project will neither

save money nor cost mone y; it will save exactly as much

as it costs. The benefit-cbst ratio is an excellent way

to illustrate how the cost savings of an energy conservation

project relates to its cost.

NET,PRESENT VALUE METHOD

In Module EE-02; the concept Of present value was pre-1

sented.- If a fixed amount of money or a series of equal,

yearly cost savings (an-ennpity) is associated with A certain

me period, then an--amount associated with the present

which is equal to-the future amount can be calculated.

'The latter figure is the present value of- the fixed amount,

or the annuity. This process is called discounting. Because

an .amount of"mbney in the present is worth more than the
d. ^

"-- same amount" at any point in the future due to the time

value of.money),all dollar amounts associated with an energy

project should be'onverted to the same time period. By.,

using the techniques presented in'Module EE-02 and EE-03,

present-value calculations canb'e used a t:of an 'analy-

that..can lielp determine whether an energy project should

L.

be undertaken.'

DEFINITION OF NETPRAENT.VALUe

_

All energy projects .inVolVe costs arid/or cost-savings..

In, Module EE-02, the .fallowing principle was resented:

If the present value of the-cos'st savings,of.a project exCeeds.
J

t Page 14/EH45,
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its cost, the project is- profitable. In many cases, they

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 tompared'to the present value

of-the cost savings as was done in Module EE-04 with lifer

cycle costing./If the present value of the savings exceeds

the present value of,the costs, the project,is profitable.

Another lay to view this-procesi is as follows: If

the prevent value'of the'cost savings is'greater than the

preseht value of the'costs,' then, 'when the present value

of the costs is subtracted from the present value of the

saving's, the result should be a positive number. TDis dif er-

ence is defined as "net present value."

where.:

NPV = PV (cost savings) - PV (costs) Equation 5

NPV = Net-present value.

PV (Costs) f---Present value of amount in parenthesis.

Equation 5 leads to the following rule:

, .

NPV Rule.i: For a given energy project, if
the nets present' valu% of that
project is greater than zero,
the project is profitable.

4

t

*A/

-1-a4
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CALCULATION OF NET PRESENT VALUE

A
The calculation of net present value is a simple 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 assec'iated with some time period, each
,

amount should be discounted back to the present in the manner

outlined in Module EE -02 (that is, their present values

should be' obtained) . If 'some of these figures form annuities,

then annuity techniques should be used. The present values
t

associated with the costs of each year shZd be summed

to obtaib -the present value of the total cost of the project.

Similarly, the present values associated with the cost savings

of each year should be summed to get the present value of
(

the total cot savings of the project. Then these values

can be use in Equation S to determine the net present value.
,

xample- illustrates this process:

EXAMPLE F: NET PRESENT VALUE.

Given: In a cement plant, three grinding equipment gear
. 0

trains are sprayed manually with gear- compound

every 2 hours, using 4350.gal lubricant /yr. An

automatic oil-miSt system uses only 150 gal/yr,

while still lubricating adequately. Thegear

lubricant cost:.s.$0.2725./lb. The expected lid
/

of the s4'stem is 5.yeirs. The system wouldpost

$7506.to purchase and install. costs
Would be.$450/yr. The interest rate is 9 %.(..

Page'l6PEE-05
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4,

Example F. Continued. ,

Find: The net present value,of installing the oil-
. /

_mist system.

Solution: Gallons saved yr = 4350 gal 150 gal

=.4200gal.

Nowysince there are 8 lb lubricant/gal,

Cost savings yr = 4200 gal x 8 lb/gal'x $0.2725/1b

$9156/yr.

Thus, the costIsavings associated with this pro-

)ect form an annuity of $9156/yr for 5.years.

The present value of this annuity is given as

follows:

PV(cost savings)i= 191 x PVIFa (5 years, 9%)

= $9156 x 3..889

$35,607.68.

The present'vlalue of the costs of

is computed as follows:

the project

PV(maintenance = $450 x PVIFa (5 years, 9%)

costs) = $450 x 3..889

= $1750.05 g

Now, the /31-esentsuPalue of the purchase and in-

stanation cost'is just $7500 since it is done

in the present:

PV (all costs) = $7500 + $1750.05

f $.9256.05

Now, using Equation 5, the following. NPV' is ob-

tained:

NPV = PV (c4t savings) - py (all costs)

= $35,607.68 - $9250.05

$26,357.63

f

186
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Example F. 'Continued-.---

f.

4-

Since the net present valueis greater than zero

(in fact, by a very substantial amount), the

project should b implemented.*

Example F also n be oalcUlated by using the concept

of, net cost savings, as shown previously in Equation 1:

Net cost savings/yr = Cost savings/yr - Cost/yr
) = $9156 - $450

J

Present value of
net cost savings

Net esent value

= $8706/yr.

= Net savings/yr x PVIFa (5 years, 9%)

= $8706 x 3.889

= $33,867...63

°Present va
net cost

ue of
- ,Original cost,

ngs

r $33, 8,.63.- $7500

USEF LNESSOF THE NET PRESENT ALUE (NPV) METHOD

At this point till st lent may not feel that the concept

of net present value is .ny more useful than the cdncepts

presented in Module E 02. Indeed, when analyzing one par-

ticular project, the NPV method_offers no speoKal advantage.

However, the NPV -thod does- beZome most useful when a per-

ticular functio can be performed in more than one way (that

*This exampl- is taken in part from NBSHandbook 115, ; N
Supplement, page 3-59.
)

. ..

/ 4' __
.
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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 of more alternitive projects perform the same func;

tion, the projects are mutually-e.4lusive. And, if the

NPV, of each project in a group of Mutually-exclusive pro-

jects can be calculated, the one with the highest NPV is

the one that should be implemented. In this case, the pro-

ject with the higher NPV has either greater cost savings

or smaller costs - or both.

Suppose that in Example F four different oil-mist sys-

tems were available at differing costs. Each -system-could

reduce costs by a different amount, And each had NPV greater

than zero (total cost'savings exceed total costs in present-

value terms).

TABLE 3. CHOICES AMONG ALTERNATIVE
,OI -MIST SYSTEMS.

- ,

System
Purchase
Price

Maintenance
Cost

Cost
Savings

I .

NPV

1 $3000 ,,-.-- $550 $4000 $10,417.05

2 $50'0-0-- $500 $6000 $16,389.50

3 $7500 $450 $9165 $26,357.63 ,

4 $9(3-8 -0 - $200 $9300 $26,389..90

4

In this example, System 4 would be implemented'since it

has the highest NPV: Once the alternative ways of achieving;.

a goal have been determined, the NPV method can be used

to chooser from among the alternatives.

188
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* At this point,, a few words should be mentioned,con-

cerni4g the cases where there is a group of energy projects

that are not mutually-exclusive. Since each project will

perform a different flIttion, each can be considered indi-

vidually. Thus? each project with an NPV greater than zero

should be implemented. Thiqprinciple, together with the

previously stated one, is expressed as follows:.

NPV Rule 2: -Fr m a \group of mutually-exclu-
s ve projects, only the one with
he highest NPV should be imple-

mented (i.f. that NPV is greater__
than zero). From a group of .

projects that are not mutually-
, exclusive, each project with an
NPV greater than zero should
be implemented?.

1.

J. I

.A group of possible projects that is not mutually-exclusive

is,likely to be the result of an iGense energy'audit.

-Pt should be noted that the net present value of an

energy project with an irregulariflow of net cost savings

can be calculated by simply taking 'the pre1se value of

the net cost savings each year, sumi4ng the , and then sub -

\tracting the origiftal cost of the project.

0

'SHORTCOMINGS OF THE NPV METHOD

41,

Generally, the NPV method i.6s an effective. way 61reach-

ing.decisions or obtaining information about prospective

energy projects. The NPV method does, have one flaw, howeve

' Whenever the present valge is ciaCiti-a;ed (and;- therefore,

Whenever NPV is qalculated), an int-drest rate must be used.

Unfortunately, move than one interest rate,exists in the

economy.at any given time.' addition, the applicable'
%-,
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interest rate can be different for different organizations
, -

and Can change from time to time for the same organization.

Oftentime5, the detOrmination of the,actUal rate to use.

in the discounting process is,a long and complex task beyorid

the concern of the energy specialist. In actual practice,

the interest rate to use in calculations of the nature de-
.

sc4bed 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-ofIthi§kifid will be developer.

A

INTERNAL RATER OF RETURN (IM) METHOD

When the' internal rate-of-return (IRR) method'igiused

to evaluate an energy,Troject, the applicable interest rate

doe5 not need to be known.- The known data regarding costs

and cost savings are used to calculate a percentage figure

(rate) that indicates some information about the monetary

effect of implementing a certain energy pro'ject.

DEFINITION OF,,iNTERNAL RATE OF RETURN

,Allenergy.projets have associated costs and cost

savings. (orna project with no cost such as turning

down the thermostat at night in an office building during

,the,he,at season said that cost = $0.) The IRR

methock deterines a interest rate width, if.used to

discount the net cost savings per'year back to thepre'sent,

N.-
_
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I
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, inractual practice it

is usually "acceptab e" and often "necessary" to approximate.)

In other 1words, the )IRR of a point.is the particular interest

rate which, if used to discount the net cost savings, would

result 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 specified return on the initial amount de-

posited, so will an energy proje'ctgenerate'some return'on
. .

its,initial cost. The higher the internal rate of return

a project, the greater are the associated cost savings

tive to the p pject's-initial cost. Because of this facts

the followina observation can be made:

.IRR Ruke 1: If an 'interest rate used to dis-
count a series of net cost say-

,

ings is Tess 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

4 -

rate used is greater than the
IRRe, 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.

IRR Rule 1 is easylto understand if the oSserAtion

. about discounting made in Module EE -O2 is understood. The

observation was that the higher the interest rate used to '

discount a fixed amount or annuity, the smaller is.its present

value. .In this case,.the search is being made"for the one

'partiduj.ar interest .rate that will, when used to disCount the

cpst savings, result in a pr% esent-value figure equal to,the

J
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do
initial cost of the project (which implies NPV = 0). .Once

that interest rate is found, increasing the discount rate

Makes the present value of cost savings' smaller and, thus,

decreases NPV. Since NPV = 0 when a discount rate, equal to
I

the IRR is used, a- higher discount rate results in a net

present-value figure. less' zero. On the -other hand, a
oq
-smaller interest rate will lead to a higher present value o

cost savings iqth the result being a higher net present
a

value. Since NPV = when a discount rate equal to the IRR

is used, a lower discount rate results in a net present-value

figure greater than zero. These observationsare outlined in

Table, 4.

TABLE 4. EFFECT OF DISCO RATE OIL NPV.:-

r

Given: An ..energy project with a specified internal. rate

of return (IRR).

Interest Rate (r) Vse iMagnitude
to Discount Cost of

Savings NPV

IRR

= IRR

r > IRR

> 0

NPV ..= 0 (bydefillivtion)

NPV-$. 0

St x-

rr
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The facts presented in 'Table 4 have. an important.impli- ,

cation. If the applicable rate of interest (which would be

used to discount q,Rst Savings) is less than the intey44). rate

of return of an energy project, then the NPV'of the project

is greater than zero. Therefore., the project:should be im-
,

plemente Even though the relevant interest Rate is diffi-

ta4determinemanagement will often have, some idea of

A. the relevant range of interest rates. For'examW.e, suppose

the relevant interest rate is known.to be somewhere between

8%'and .14%. 'In this instance, a 'project with a 15% or greater

internal rate of return Should be implemented, regardless of

the.r.elevan.i interest rate. As long as it is chosen in the.

'given range, the NPV of the project will be greter than zero.

If the IRRof the project falls-between 8% and 14%, then man

decidingagement will have to consider other factors in

whether tovimplement the project.. If the IRR .is less than

896, the project Wi11 never-be undertaken.

-Mostlenergy project implementation decisions will be'

made.hy management and not by energy specialists. Because

of this fact, if is often very useful for, the specialist to

be,able to deteKmine the IRR cif a certain project and then

let ma-nagemeht decide what interest rate to use. The prima*

'concerns:of the energy. specialist'are the cos iS and cost sav-
t

ings, of aprOPosed energy conservation project.

4

ff

CALCULATION OF THE INTERNAL RATE OF RETURN (IRR

Thel-nternal rate, of return can be calcu'tated easily.

with the use of the Present Value of an Annuity of $1 'Fable

(Data Table 4). Jhe present value of the net cost savings

of an energy projeciis calculated by 'using this tale when

'Page 24/EE-04° L)3
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the savings are the same for each year; otherwise the savings

would not'form an annuity.. The IRR is the interest rate

',which, if used to discount the annuity formed by the net cost

savings; would result in a' present-Value figure approximately

equal to the initial cost of the project. The following

should be remembered:

. Present value Of Net cost x PVIFa
net cost savings saving /yr

EquatiOn.6

Since the IRR 'results in PV of cost savings, equal to initial

cost, Equation 6 can be rewritten .as follows:
O

Initial cost Net cost Needed .

of project . savingS/yr PVIF
a Equation 7

This entry in Data Table 4 will correspond to the internal

rite of return." Notice that Equation 7 can be modified to

read as f6116Ws:

_

Needed Initial cost Net cost.
PVIFa of project savings/yr

*194

Equation 8
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Using Equation 8, determinp the PVIFa that is needed to re-

sult in PVof cost savings equal to initial cost. Then lo-

cate ;the in Data 'Table 4 (in the appropriate time pe-
,

riodro*) Closest to.the number found,in Equation 8. The

interest rate.asso.ciated with this number is the approximate

internal rate of return. The following,example should make

this concept" more clear.
:1

EXAMPLE G: CALCULATE THE INTERNAL RATE 'OF RETURN (IRR).

The manager of a warehouse is considering the

installation of an air lock at the loading door.

The size of the door-, which is used forrailroad

cars, is ;0 ft x 17,S'ft. The, door is open4for

10 minutes 12 times per day S daysper week.

The inside buildTn-temperature is 70°F. The,

heating, season is October April (30 ,,,reeks)...

The average outside temperature during the heat-

ing season is 38.4°F. The air flow velocity
0

through the open door,ip SOO fpm. Steam; which

supplies-960 Btu/lb, is.used for heating. The

cost of steam is $1.86/1000 lbs. Conversion

.factor: 0,-0183 Btu = 1 ft3 - °F. The cast of

the air lock is $20,010 installed. Assume the

life of the air lock is 30 years.

Firid The internal rate 'of return (IRR) of the purchase

and instaJlation.co t of the air lock.

a'
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a

EA4le G. Continued.

. Solution: *kir entering
door

= 500 fpm x.20 ft x 17.5 ft

Temperature
difference '

between inside
-and outside air

Heat loss

= 175,000.ft3/min.

70°F - 38.4 °F = 31.6 °,F. -

= 175,000 ft3 x 1 min x 0.018.3'

Btu/ft3. °F x 31.6°F'

= 101,199 Btu /min.
ti

Heating cost/ . ,

min of door - = 101,1.99 Btu/min x 1 lb steam/
opening 960'Btu x $1.86/1000 lb steam

7-$0.196/min. '-

= $0.196/min x 12 openings/day x.

10 min/opeming x 5 days/week,

X 30 weeks/yr -

= $3528/yr.

Annual cost.
savings

Thus, the cost savings of:this project for a 30-

year annuity is $3528 per year. Now the process

described in the text will be used to.fincF:the

internal rate of retuT.. Ile initial cost of

roject is $20,000, and the,liet cost savings

ear' are $3528._ Therefore, using Eciufttiron 83'

following is calculate &:

:196
4%
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Example G. Continued.

Proper PVIFa

(30 years, ?%) $20,000 $3528

= 5.6689.

1.

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 urider, 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 equal 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 approximately 17.5%.

7

In the case of Example G, if the relevant interest rate

is' less than approximately 17.5%, the project should be

,plemented. As stressed before, however, the' main concern of
. .

the energy specialist should be in the determination of costs

and cost s,avings° and their uses to calculate NPV and IRR.

This type of data supplied by the energy speciadist will

enable management to make.,more effective decisions, and an

awareness of the information provided by this kind of anal-

ysis s essential to efficient energy use and cost minimiza-

tion.

'Page 28/EE-05
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IRR AND AN IRR'GULAR FLOW OF COST SAVINGS

Whenever the cost savings of an energy project are not

the same each year, then the preceding techniques cannot be

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 cost savings that

is very close tothe original cost of the prof ct, is the

approximate internal rate of return. A good in 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 present value 'of net cost savings is lower than the

original. cost, then a higher interest rate should be tried.

This process can6e time- consuming; however, it should take

no more than three or four attempts to find the correct in-

terest rate.

USE OF IRR AND EVALUATION OF MUTUALLY-EXCLUSIVE PROJECTS

AS mentioned previously, when two or'more rojects that

perform the same function can be implemented, t e one with

the higher NPV should be chosen. "Another way to determine

which project to implement is to calculate :the IRR of each

project. After this is done, the lotoject "with the highest

IRR should-be chosen provided the IRR is high enough to

justify the expenditure. This determination is expressed as

follows:

.
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IRR Rule: Given,a group of mutually-exclu-
sive projects, the one with the
highest, IRR should be implemented
provided that the IRR is high
enough to justify the Cost.of
the project.

COMPARISON OF,METHODS FOR EVALUATING ENERGY PROJECTS

'Each/of the four methods -for evaluating energy projects
4,t

capital recovery'factor and nbenefit-cost analysis, net present

value, internal rate of-return, and payback period provides

unique information about the project under consideration. A.

comparison of the techniques is presented in'Nble 5.

C

TABLE 5. COMPARISON OF PROJECT EVALUATION METHODS.'-

.

Method Needed_ Information . Result

Capit..:

alCapital recov-
factor and

benefit-cost

. 4

Net present
value

.

Internal rate
of return

Payback: period

1

.

Original cost; life.of
investment; relevant
interest rate.

. .
.-

____

.

Original cost; life of,
!investment; relevant
(interest 'rate; net
cost savings per yeai..

'Original. cost; life Of,

net cost savings per
,,

'year. ,

. ,

Origin cost; net
cost salkngs per

. year.

,

Needed cost savings per
year to recover original
investment; ratio that
shows how cost savings
relate to costs:

.
.

How much total present
? value of net cost savings

l
exceeds (or is less than)

ogriginal cost.

Interest rate which shows
how net cost savings-re-
late to original cost.

.

Rough estimate of time
needed to recover original
.cobt. .
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The particular technique used for a.given energy con-

servation project will depend on what information is avail-

able and what end result is required. Often, more than one

technique will be used to provide maximum information. With

the techniques presented in the five modules of this course,

the specialist will be able to properly evaluate the economic

effects of any energy conservation project.

a

1,

r
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EXERCISES

P

1. An energy specialist is examining the possible' cost

savings associated with the'installation of on-line '

microcomputer controls to regulate the combustion pro-

cesses in two steel treatment furnaces Opera.ting in

parallel. The relevant parameters are as follows:

Each furnace has a throughput of 160-tons /day.

Computer control-will result in fuel savings

of 7%.

. The furnacesrequire 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 /gal when burned.

Computers ofthe type that would be installed

have an average life of 8 years.

The cost of purchasing and installing the corn

-"Alter 'system would be $148,400.

Assume...the price of fuel oil is $20barrel.

The furnace's operate 3S0 days/yr.,

The annual operating costs would be $17,146.

a. Find the internal rateof return. (Consider one

-furnace.)-

4. Furna.cestlirOlighput. 160 tons /day x 2000 lb/ton
, of steelArr

.1?
x 3S0'days/yT

= 112,000,000 lb/y.r.,

Energy use of = 112,000,000 lb/yr X 1000
furnace Btu/lb

= Btu/yr.
I

Energy savings/yr Btu/yr x

0.07 savings use'

Btu/yr savings.

201.
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Fuel oil sAved/yr = Btu/yr +.

13B00 Btu/gal...fuel oil
...-

. = gals/yr.
s*

Barrels saved/yr = gals/yr.+ 42.
.

)
.gallbarrel %>.

= barrels` /yr. .

Cost.
rnace
savings/

yll/fu
'barrels/yr-

cos savings/yr
foir two furnaces.

ac $20/bartel.

$/Yr.4:

$/yr/furnace

2 furnaces 4

Shrr.

Net. cost ''$/yr
savings/yr

operating cost/yr

/Yr.

Thus, the cost. savings ,of installing the micro-
. . A

computer form an annuity of $ - per year

for 8 years. The internal rate of. return is the

interest rate. which, if used.to discouftt this.

annuity, would result in'a present value of cost

savings approximately equal to $148,.400.' First,

va

find the entry fromThata Table 4 (the 8-yearcolumn)

which, would lead to the foljowing equation:, .

$4,400 = $

4

Page 34 /EE-O5
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Net cost
Needed entry .

saviAgs/yr
x from Data Table 4:

,-0 years) ...
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)

. .
-,... So,

i .1 . : (
Needed entry Net cost
from Data Table 4.= $48',400 , savings/yr.

(8 years).

The interest rate associated"w,ith this energy is

%, th'el4fore, this is-the IRR.
. .

.
. . .

b. Find the net present value when the interest rate
-16 f '

is 8%.,
../

Proper entry from
Present value of

*
x Data Table 4

net cost savings (8 year, 8%)

= $

Net present,= PV of net

x 5.747

0- l
value cost savings

Initialr cost

-$ - $148,00
$

c. .Find the, payback period when the interest rate is.,

8%. . Find the entry in Data Table 4 (in the 8%.

column) which.makes the PV of net cost savings
..

. equal to $148:400. ci,

. . '....

$48,400 = $ Net-

,

Cost
Proper entry 'from,

savings/yr
xi nta Table 4

. (8%, ?years)
.

,

7

#1

..
,

Proper entryfrom Net cost
$48 400 -', $

Data Table 4"(8%) C , ' savifigsfy
--- %

,
:. - 4 t

The,,tillre'period,(n) which has,a.corresponding entry

.thisclosest to ,ndmlier is , . 'Thi/s is the

payback'period in years.

293 1 EE-05/Page 35

ti

'NJ



1

d. And the capital recovery factor.

Net cost savings /yr Amount -of . Capital
needed to recoup ; = original, x recovery
original investment investment factor

= $48,_400 x 0.1490

Net cost savings / .= $
.yr needed

Do. the actual net cost savings per year exceed

those needed as calculated-by the capital recovery'

factor? What conclusions, can te drawn from the

capital-recovery factor anafysis?
.

wz.

,

, .

2. Ari energy conservation' project with an initial cost of
-4 .

.

$1000 will result in cost sayings of$400 per yearvafor

4 Years.' Find the folalowing:
V

a, Find the internal, rate of return:-
. .

--....,
Needed entry from
Data Table 4* = 4

,(given 4 years) .

The entryrate in the 4-year,row which comes%

closest to this. eAry is . The interst

rate associated with this entry is

This is is the IRR.

b. If the interes4/rate is 100,\Tind the net present

value.

Present vakue of .:. Net cost
x DEntry

from
Ta 4

net cost savings savings/yr
(4

ata
yearsble,.10%)

Page 36 EE-05
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" t

NPV = PV of cost savings

= $
= $

$

- PV of costs

c. If the interest rate ...i..13171.nd

period. Recall Equation 7:

..

A,

Needed entry from
Data Table 4
(given 10%)

cost
Initial

=

the payback

Net cost
,savings/yr

a
The entry in the

to this number is

time period is

payback period.

%

S

.-,

., .

k,-a......,

10% column which comes closest

, and its associated

This is the approximate

f

I

d. 20.5.

Y

)
at

< .

.
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o DATA TABLE 1. 'FUTURE VALUE OF $1 (FVIF).

Period 1% 2% 3% 4% 5% 6% 74 6% 9% 10% '12%. 14% 15% 16% 16% 20% 24% 2 % 32% 36%

1 1 0100 I 0200 1 0300 -10400 105110 I 0600 I 0/00 I 0800 10900 I 1000 .1. 1200 1 1400 1 1500 I 1600 I 1900 1 2000 I 2400 1 2800 I 3200 1 3600
2 1 0201 1 0404. 1 0609 10816 I 1025 I 1236 I 1449 1,1604 1 1881 1 2100 1 2514 1 2996 1 3225 1 3456 1 3924 1 4400 1 5376 1 6384 1 7424 1 8496
3 I 0303 1 0812 10977 1 1249 I 1576 1 1910 1,2250 1 2597 1,2950 I 3310 I 4049 4 4815 1 5209 1 5609 I 6430 1 /280 I 9066 2 0972 2 3000 2 5155
4 1 0406 1 0024 1 1255 1 1699 1 2155 1 2625 I 3108 I 3605 1 4116 ) 4641 I 5735 I 6890 1 7490 1 8106 1 9388 2 0736 2 3642 2 6844 3 0360 3 4210
5 1 0510 P1041 1 1593 12167 12/63 1 3382 14026 1 4693 1 5386 16 10 1 7623 1 9254 20114 2 1003 2 7878 2 4883 2 9316 34303 40075 4 6526

0

6 1 0615 I 1262 1194k 12653 1 3401 1 4185 1 5007 I 5869 16771' 1 7716 1 9738 2 1950 2 31i1 2,4364 2 6996 2 9860 36352 4.3980 5 2899 6 3275
7 1 0721 1 1487 '1'2299 1 3159 I 4071 1 5016 16058 I 7138 1 8280 1 9487 2 2107 2 5023 2 6410 2 8262 3 1855 3 5832 4 5077 5 6295 6 9826 8 6054
8 1 0029 1 1717 1 2068 1 3686, 1 4775 1 5938' 1 7182 1 8509 1 9926 2 1438 2 4 760 2 8526 3 0590 3 2784 3 7589 4 2998 5 5895 7 2058 9 2170 11 703
9 1 0937 1 195) 1 3048 1 4233 16513 16895 1 8385 19990 2 1719 2 3579 2

3 7072 4 0456 4 4114 5 2338 6 1917 86944 I I 805 16 059 21646
I 3 2519 3 5179 30030 4 4355 5 1598 69310 9 2234 92166 15916

10 1 1046 I 2190 1 3439 .1 4802 16289 1 7908 I 9672 2 1589 2 3674 2 5937 3 1 . .

1 I 1 1157 I 2434 1 3842 1 5395 1 7103 I 8983 2 1049 2 3316 2 5804 2 8531 3 4785 4 2262 4 6524 5 1 173 6 1759 7 4301 10 657 15 III 21 198 29439'
12 I 1268 1 2682 I 4258 16010 1 7959 2 0122 2 252? 2 5182 2 8127 3 1384 3 8960 4 8179 5 3502 5 9360 '7 2876 8 9161 13 214 19342 27 982 40 037
13 , 143131 1 2936 1 4685 1 6651 1 88'5 2 1329 2 4008 2 7196 3 0658 3 452.1 4 3635 5 4924 6 1528 68858 8 5994 10 699 16,386 24 /58 36 937 54 451
14 1 1495 1 3195 1 5128 1 7317 I 9799 2 2609 2 5785 2 9372 3 3417 3 7975 4 8871 6 2613 7 0757 7 9875 10 147 12 839 20 319 31 691 48 756 74 053
I& I 1610 1 3459 1 5580 sI 8009 2 0789 2 3966 2 7590 3 1722 3 6425 4 1772 5 4736 7 1379 8 1371 9 2655 I I 973 f 15 407 25 195 401;64 64 358 100 71

e
16 1 1726' I 3728 I 6047 I 8730 2 1829 2 5404 2 9522 3 4259 3 9703 4 5950 fi 1304 8 1372 9 3576 10 740 14 129 18 488 31 242 51 923 84 953 136 96
17 1 1843 1 4002 1 6528 I 9479 2 2920 2 6928 3 1588 -3. 000 4 3276 5 0545 6 8660 9 2765 10 761 12 467 16 672 22 186 38 740 66 461 112 13 186 77
18 , 1 1961 1 4182 1 7024 2 0258 2 4066 2 8543 3 3799 3 4 7171 5 5599 76900 10 575 12 375 14 462 1973 26.623 48038 85 070 148 02 253 33
19 I 2081 1 4568 1 7535 2 1068 2 5270 3 0256 3 6165 4 315 7 5 6 1159 8 6128 12 055 14 231 16 776 23 214 31 948 59 567 108 89 195 39 344 63
20 1 2208, 1 4859 1 0061 2 1911 2 6533 3 2071 3 8697 4 6610 5 6(44 6 7275 9 6463 13 743 16 366 19 460 27 393 38 337 73064 J139 37 257 91 468 57

.. .

21 1 2324 1 5157 1 8603 2 7788 2 7860 3 3996 4 1406 5 0338 6 101311 / 4002 10 803 15 667 18 021 22 574 32 323 46005 91 591 178 40 340 44 637 26
22 1 2447 1 5460 1 9161 2 3699 2 9253 3 6035 4 4304 5 4165 6 6484 8 1403 12 100 1/1361 21 644 26 186 38 142 55 206 113 57 228 35 449 19 866 67
2,1 I 2572 1 5769 I 9738 2 464 / 3 0715 3 8197 4 7405 5 8/15 / 2519 8 9543 13 552 20 361 24 891 30 376 45 007 66 247 140 83 292 30 593 19 1178 6
24 I 2697 1 6084 2 0328 2 5633 3 2251 4 0489 5 0724 6 3412 7 9111 9 8497 15 1/8 21 212 20 625 35 236 53 100 79 496 174 63 374 14 783 02 1602 9
25 1 2824 1 6406 2 0938 2 6658 3 3864 4 2919 5 42 74 6%485 8 6231 10 034 17000 26 461 32918 40 874 62 668 ''95 396 216 54 478 90 1033 5 2180 0

26 1 2953 1 6734 2 1566 2.7725 3 5557 4 5494 5 8074 7 3964 9 3992 I 1 918 19 040 30 166 37 856 47 414 73 948 114 47 288 51 612 99 1364 3 2964 9
27 1 3082. I 7069 2 2213 28834 3 7335 4 8223 6 2119 7 9881 10 245 13 110 21 324 34 389 43 515 55000 87 259 137 37 332 95 784 63 1000 4 4032 2,
28 1 3213 I 7410 . 2 2879 2 9981 3 9201 5 1117 6 6408 0 6211 11 167 14 471 23 883 39 204 50 065 63 800 102 96 16184 , 41286 1004 3 2317 2 5483 8
29 13345 17758 2 3566 3$187 4 1161 5 4184 7 1143 9 3171 12 /7 15 863 26 749 44 693 t 5/ 5/5 74 008 12150 197 81 51 J 95 , 12855' 31375 7458 0
30 1 3478 16114 7 4273 3 2434 4 3219 5/435r 7 6123 10 062 13 267 17 449 29 959 -` 50 950 ip 211 115 849 143 37 237 37 "3481 1645 5 0 10143

40 1 4889 2 2000 3 2620 4 8010 70400 10 285 14 974 21 724 31 409 45 259 93 050 188 88 267 86 378 72 750 37 1469 7 5455 9 19426 66520
50 1 6446 2 6910 4 3839 7 1067 11 467 18 420 29 457 46 901 74 357 117 39 201100 700 23 1003 6 1670 7 39213 91004 46890
60 1 8167 3 2810 .58916 10 519 10 679 32 987 57 946 101 25 176 03 304 48 897 59 2595 9 4383 9 , 7370 1 20555 56347 '

. FV1F > 99,999
..

I
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DATA TABLE 2. PRESENT VALUE OF $1 (PVtF)

Period 1% 214 3% 414 514 614 714 8 %_ 956 1014 1414 1614 1654 18561 2014 2414 2854, 32g, 3614

1 9901 1804 9709 9615 9524 .9434 9346 9259 9174 9091

.1214

8929 8772 8696 8621 .8475' 8333 8065 7813 7576 73532 9803 96,12 9426 9246 9070 8900 8734 8573 8417 8264 7972 7695 7561 7432 .1102 6944 6504 6104 5739 54073 9706 9423 9151 8890 8638 8396 8163, 7938 7722 7513 7118 6750 6575 6407 6086 5787 5245 4768 4348 39764 9610 9238 8885 8548 ,8227 7921 7629 7350 7084 6830 6355 5921 5718 5523 6158 4823 4230 3725 3294 .29235 9515 9057 .8626 8219 7835 7473 7130 6806 6499 6209 5674 5194 4972 4761 4371 4019 3411 2910 2495 2149'

6 9420 8880 8375 7903 7462 7050 6663 6302 5963 5645 5b66 4556 4323 4104 3704' .3349 7751 2274 1090 15007 9327 8706 8131 7599 71..07 6651 6227 5835 5470 5132 4523 ,3996 3759 3538 .3139 2791 2218 1776- 1432 .11628 .9235. 8535 7894 7307 6768 6274 5820 5403 5019 4665 4039 3506 3269 3050 '2660 2326' 1789 1388 1085 08549 9143 8368 7664 47026 6446 5919 5439 5002 4604 4241 3606 3075 2843 2630 2255 1930 1443, 1084 0822 062810 9053 8203 7441 6756 6139 5584, 5083 4632 4224 3855 3220 2697 2472 2267 1911 1610 1164 0847 0623 0462

II 8963 8043 7224 6496 _,6847 5268 4751 4289 3875 3505 2875 2366 2149 1954 1619' 1346 0938 0662 0472 034012' 8874 .7885 7014 6246 5568 4970 4440 3971 3555 3186 2667 2076 1869 1685 1372 1128 0757 0517 .0357 025013 8787 .7730 6810 6006 5303 4688 4150 3677 32A2 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 0905 0779 0492 0316 0205 013515 8613 7430 6419 5553 4810 4173 3624 3152 2745 2394 1827. 1401' 1229 1079 0835 0649 0397 0247 0155 0099

16 8528 -7284 6232 5339 4581 '3936 3387 2919 2519 2176 1631 1229 1069 0930 0708 0541 0320 0193 0118 007317 8444 '7142 .6050 5134 436. 3714: 3166 2703 2311 1978 1456 1078 0929 0802 0600 0451 0258 0150 0089 005418 8361) 077002 .5874 4936 4155 3503 2959 2502 2120 1799 1300 0946 0800 0691 0508 0376 0208 0118 0060 003919 8277 686 .5703 4746 3957 3305 2765 2317 1945 1635 1161 0829 0703 0596 0431 0313 13168 0092 -0051 002920' 8195 .6730 5537 4564
1

3769 3118 2584 2145 1784 1486 o7 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 4120 3083 2314 1741 1314 0994 0754 0573 0334 0196 0151 0116 0470 0042 0016 0006 0002 000140 6717 4529 3066 2083, 1420 0972 0668 0460 0310 0221 0107" 0053 0037 0026 0013 0007 0002 000150 6080 '3715 2281 1407 0872 S5d3 0339 0213 0T34 0085 0035 0014 0009 0006 0003 000160 5504 3048' .1697 .0951 0535 030 0173 0094 0057 0033 0011 0004 0002 0001 )
1
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DATA TABLE 3: SUM OF AN ANNUITY OF $1 (FVIFa).

Number of
Periods 1% 2% 3% 4% 5% 5% 7% % 9% 10% 17% 14% 18% lex 18% 20% 24% 28% 32% 38%

1 1 0000 10000 10000 10000 10000 10000 10000 10000 '10000 10000 10000 10000 1 0000 .10000 10000 10000 10000 1 0000 10000 I 0000

2 2 0100 2 0200 20300 20400 20500 2 0600 2 0700 2 0800 2 0900 2 1000 2 1200 2 1400 2 1500 2 1600 2 1800 2 2000 2 2400 2 2800 2 3200 2 3600

3

4
3 0301
4 0604

30604 30909
4 1216 4 1836

3 1216
4 2466

3 1525
4 3101

3 1836,
4 3746

3 2149 3 2464
4 4399 4 5061

3 2781

4 5731

3 3100
4 6410

3 3744
4 7183

34196
4 9211

3 4725
4 9934

3 5056
50665

3 5724
6 2164

3'6400
6 3680

3 7776
5 6842

3 9184
6 0156

40624
63024

4 2096
6 7251

5 5 1010 5,2040 5 3091 5 4163 552513 56371 5 7507 5 8666 5 9847 6 1051 6 3820 6 6101 6 7424 6 8771 7 1542 7 4416 8 0484 8 6999 9 3903 10 146

6 6 1620 63081 6 4684 6 6330 6 8019 6 9753 7 1633 73359 7 5233 7 7156 8 1152 8 5355 8 7537 8 9775 9 4420 9 9299 10980 12 135 13 405 14 790

7 7 2135 7 4343 76625 7 8983 8 1420 8 3938 8 6540 8 9228 9 2034 9 4072 10069 10 130 11 066 11 413 12 141 12 915 14 615 16 533 18 695 21 126

8 8 2857 8 W6( 8 8923 9 2142 9 5491 9 8975 10 259 10 636 11 028 II 435 12 299 11 232 13 726 14 240 15 327 16 499 19 122 22 163 25 678 29 731

9 9 3685 9 7546 10 159 10 582 11 026 11 491 II 978 12 487 13 021 13 579 14 775 16005 16 785 17 518 19 005 20 798 24 712 29369 34 895 41 435

10 10 462 10 9/19 II 463 12 006 12 577 13 100 13 816 14 486 15 192 15 937 17 548 19 337 20303 21 321 23,521 25 958 31 643 38 692. 47061 57 351

AliII 11 566 12 168 12 807 13 486 14 206 14 971 15 783 '16645 17 560 If) 531 20 654 29 044 24 349 25 732 28 755 ,32 150 40 237 50 398 63 421 78998

12 12 682 13 412 14 192 15 025 15 917 16869 17 888 18 977 20 140._ 2! 384 24 133 27 270 .29 001 30 850 34 931 39 580 50894 65 510 84 320 108 43

13 13 809 14 680 15 617 16 636 17 113 18 682 20 140 21 495 22 9531` 24 522 28 029 32 088 34 351 36 786 42 218 48 496 64 109 84 852 112 30 148 47

14 14 947 15 973 17 086 18 291 19 598 21 015 22 593 24 214 26 019 21 975 32 392 3/ 581 40 504 43 672 50 818 59 195 80 496 109 61 149 23 202 92

15 16 096 17 293 18 20 023 21 578 23 276 25 129 27 152 29 360 31 777 37 279 43842 47 580 51 659 60965 72 035 10081 141 30 197 99 276 97

16 17 257 18 639 20 1 .21 824 23 657 25 672 27 880 30 324 53 003 35 949 42 753 50900 55 717 60 925 72 939 87 442 126 01 181 86 262 35 377 69

17 18 430 20 012 _21 76 23 697 25840 28 212 30840 33 750 36 973 40 644 48 883 59 417 65 075 71 673 87 068 10593 157 25- 233 79 347 30 514 66

18 19 614 21 412 73 4 25 645 28 132 30 905 33999 37 450 4 1 p01 45.699 55 749 68 394 75 036 84 140 103 74 1 2 8 1 1 195 99 300 25 459 44 700 93

19 20 810 22 840 __25 116 27 671 30 539 33 760 57 379 41 446 46 018 51 159 63 439 78 969 88 211 98 603 123 41 154 74 244 03 385 32 607 47 954 27

20 22 019 24 297 26 870 29 778 33 066 36 785 40 995 45 762 51 160 57 275 72 052 91 024 107 44 115 37 146 62 186 68 303 60 494 21 802 86 1298 8

it 23 239 25 783 28 676 31969 35 719 39 902 44 865 513422 56 764 64 002 81 698 104 76 118 81 134 84 174 02 225 02 377 46 633 69 1060 7 1767 3

222 24 471 27 299 30 636 34 248 38505 43 392 49 005 55 456 62 873 71 402 92 602 120 43 13783 -157 41 206 34 271 03 469 05 811 99 1401 2 2404 6

.23 25 716 28845 32 452 .41 430 46 995 53 436 60 893 69 531 79 543 104 60 138 29 159 27 183 60 244 48 326 23 582 62 1040 3 1850$ 3271 336 617
3908224 26 973 3.0 421 34 426 44 502 50 816 VI 176 66 764 76 789 88 497 118 15 168 65 184 16 21? 97 289 49 392 48 723 46 1332 6 2443 8 4449 9

25 28 243 32 030 36 459 41 645 47 727 54 884 63 249 '73,105 84 700 18 347 131 33 181 87 212 79 249 21 342 60 471 98 89809 1706 8 3226 8 6052 9

26 29 525 33 670 38 563 44 311 51 113 59 156 68 676 79 954 -93 323 109 18 15033 200 33 245 /I 290 08 405 27 567 37 1114 6 2185 7 4260 4 8233 0

27 30 820 35 344' 40 709 47 084 54 669 63 705 14 483 87 350 102 72 12109 169 37 238 49 283 56 33750 479,22 681 85 1383 1 2798 7 5624 7 11197 9

.48 ''32 129 37 051 47 930 49 967 58 402 68 528 80697 95.338 112 96 134 20 19060 272 88 327 10 392 50 566 49 819 22 1716 0 3583 3 7425 6 15230 2

33 450 38 792 45 210 52966 62 322 73 639 87,34.. 103 96 124 13 148 63 214 58 31209 377 16 456 30 66944 984'06 2128 0 4587 6 9002 9 20714 I

X30 J4 784 40 568 47 575 56 064 66438 79 058 '94 460 113 78 116 30 184 49 241 33 356 78 434 74 536 31 79094 1181 8 2640 9 5673 2 12940 28172 2

40 48 888 60 402 75 401 95025 120 79 154 76 199 6.1 259 05 337 68 442 59 767 09 1342 0 1779 0 2360 7 4163 2 7343 8 22728 6937r .

50 64 463 84 579 112 79 152 66 209 34 290 13 406 57 573 76 815 08 1163 9 24000 4994 9 7217 7 10435 21813 45497

60 81669 114 06 183 05 237 99 553 58 533 12 913 52 1253 2 1944 7 3034 8 7471 6 18535 29219 46057
FV1fA > 99.999
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DATA TABLE 4. PRESENT VALUE OF AN ANNUITY OF $1 CPVIFd

Numb** of
payment6 1% 2% 3% 4% 6% 6% 7% 9%

..
9% 10% 12% 14% 16% 16% 16% 20% 24% 29% 32%

68772 0 8696 08621.
,,.

08475' 08333 0 8065 0 7813 0 7676

1 0 9901 0 9804 0 9709 0 9615 0 9524* 0 9434 0 9346 0 9259 0 9174 C. 9091 0 89292 1 9704 19416 1 9135 1 8861 18594 1 8334 I 8080 1 1833 1 7691 1 /355 1 6901 I 6467 i 6257 1' 6052 1 6666 1 6278 1 1568 I 3916 1 33153 2 9410 2 8839 2 8286 2 7751 2 7232 2 6730 2 6243 2 4771 2 5313 2 4869 2'4018 2 3216 2 2832 2 2459 2 1743 2 1065 1 9813 18684 1 76634 3 9020 3 8077 3 7171 3 6299 3 5460 3 4651 3 38/2 3 3121 3 2387 3 1699 3 0373 2 9137 2 8550 2 74982 , 26901 2 9387 2 4043 2 2410 2 09575 4 8534 4 7135 4 5797 4 4516 4 3295 4 2124 4 1002 3 9927 3 8897 3 7908 3 6048 3 4331 3 3522 3 2743 3 1272 2 9906 2 7464 2 5320 2 3452
6 5 7956 5 6014 5 4172 5 2421 5 0757 4 9173 4 7665 4 6229 4 4859 4 3553 4 1114 3 8887 3 7845 3 6847 3 4976 3 3255 30206 21594 2 63427 8 7282 6 4720 . 6 2303 6 0021 5 7864 6 5824 . 5 3893 5 2064 5 0330 4 8684 .4 5638 4 2883 4 1604 4 0386 3 8115 3 6046 3 2423 2 9370 2 87758 7 6517 7:1256 7 0197 6 7327 6 4632 6 2688 5 9713 51466 g 6348 5 3349 4 9676 4 6089 4 4873 4 3436 4 0776 38372 3 4212 3 0768 2 78609 a 5660 8 1622 7 7861 7 9363 2 1078 6 8017 6 5152, 6 2469 5 qiii 6 7590 5 3282 4 9464 4 7716 4 6065 4 3030 40310 3 5655 3 1842 2 868110 9 4713 89826 86302 8 1109 7 7217 7 3601 7 0236 6 7101 6 4127 6V4,46 6¢602 6 2161 5 0188 4 8332 4 4941 e1925 3 6819 32689 2 9,34 't11 103676 9 7868 9 2526 8 7605 8 3054 7 8869 7 4987 7 1390 6 8052 6 4951 9377 6 4527 6 2337 5 0286 4 6560 4 3271. 3 7757 3 3351 2 977612 I 1 2551 10 5753 99640 9 3851 8 8633 Q 3838 7 9427 7 5361 J7 1607 6 8137 1944 5 6603 5 4206 5 1971 4 7932 4 4392 38514 13868 3 011313 12 1337 11 3484 10 6350 El 9856 9 3936 8 6527 8 3577 7 9038 r4869 7 1034 4235 5 8424 5 5831 5 3423 4 9095 4 6317 3 9124 3 4272 3 040414 13 003/ 12 1062 I 1 2961 10 6631 9 8986 9 2960 8 7465 8 2442 7 7862 7 3667 5282 60021 6 7245 5 4675 60081 4 6106 3 9616 3 4587 3 060915 13 8651 12 8493 11 9319 11.1184 10 3797 9 7122 94079 8 5595 80607 4 7.061 8 6 1422 5 8474 ..5 5755 5 0916 4 6755 4 0013 14834 3 0764

..,lb 14 7179 13 5777 12 5611 11 6523 10 8378 10 1059 9 4466 8 8514 8 3126 7 8237 6 9740 6 2651 5 9542 5 6685 5 1624 4 7296 4 0333 3,5026 3 088217 15 5623 14 2919 13 1661 12 1657 11,2741 10 4113 9 7632 9 1216 85436 8 0216 7 )196 3729 6 0472 5 7487 5 2223 4 7746 4 0591 3 5177 3 097118 16 3983 14 9920 13 7535 12 6693 11 6896 10 0276 10 0641 9 3719 8 7556 , 8 2014 7 2497 6 4674 6 1280 5 8178 6 2732 4 8122 4 0799 3 6294 3 103919, 112260 16 6785 14 3238 13 1339. 12 0963 11 1581 10 3366 9 6036 8 9501 8 3619 1 3658 6 6604 6 1982 b 8775 ' 5 3162 4 8435 4 0907 3 5388 3 109020 18 0456 16 3514 14 8776 13 6903 12 4622 11 4009. 10 5940 9 6181 9 1285 8 5136 7 4694 6 6231 6 2593 5 9288 5 3527 4 8696 4 1103 3 6468 3 1129
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GLOSSARY

Benefit -cost ,i(5'2 Actual net cost savings per year, di-,
vided.by the net cost savings per year needed to re- .

cover the investment.

Capita;. recovery factor: A number indicating' the percentage
o'f an investment's originaj cost that must be generated
edch year in net cost savings- to recover the original
cost.

'Interna3 raie..of return: The interest rate that causes NPV
to equal.zero when used as a/ discount rate.

Autually-exclusive:- Projects.that Perform the same function.
.

Net cost savings:, Cost savings per, year minus, cost per year.

Net present value: The present vdlud,of cost savings minus
the present value of costs.

Original project: An energy-related system that performs,a
function 'for the first ',time for a giyen business.

a back ferio The length. of time required to obtain net
equa4to the initial investment.cost vin

e iacement

2

ect: A courseof action that changes or
mo ies an energy-related systealready'in use.
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