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A single zone he:

5 unit is being used in a small office building
A variable air volume system retrofit can be purchased and installed for

Mo eBook available a cost of $100,000. The retrofit system is estimated to save 450,000 kilo-

The Fairmont Press, Inc. walt hours per year for its economic life of 10 years. The company uses a
Amazon.com MARR of 10%. If the company pays $0.06 per kWh for electricity, and the
system will have a salvage value of $500 at the end of its life, should the
Find in a lbrary new system be purchased?
Al sellers » The cash flow table for this example is shown below, in tabular form.
EOY Cash flow
0 ~$100,000
1 450,000 kWh ($0.06/kWh = $27,000
2 $27,000
Guide to Energy 3 s
Management 3 $27,000
By B.L. Capehart, Wayne C. Tumer, 4 $27,000
Viam J. Kennedy 5 $27.000
o 6 $27,000
About this book 7 527,000
8 $27,000
» My library 9 27,000
» My History 10 $27,000 + 500 = $27,500

Books on Google Play
oogle Flay 1.8.1 Present Worth, Future Worth, and Annual Worth

EEn A present worth comparison converts all the cash flows o a present
worth value: a future worth comparison converts all the cash flows to a
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Asingle zone heating unit is being used in a small office building. A variable air v “ Signin
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of $100,000. The retrofit system is estimated to save 450,000 kilowatt hours per year for its economic lfe of 0 years. The company uses a MARR of 10% I the co

nomically feasible and cost effective for a given MARR. It is important to
note that the three measures are economically equivalent. This means that
if the AW value were converted to cither FW or PW, the same numerical
value for FW or PW would be obtained. The reader is encouraged to verify
this statement using the factors. The ultimate result is that only one of
these three measures needs to be calculated. However, different organiza-
tions and different people have their own preferences for which of these
methods to use. Since all three are in fairly common use, the authors have
chosen to discuss each of the three methods.

The first method finds the present worth of the project using the
P/ A factor to find the equivalent cash flow of a series of $27,000 annual
savings for 10 years with a 10% MARR, and the P/F factor to discount
the $500 salvage value in year 10 to the present—the start of year 1. The
project cost of §100,000 is a present value since it must be paid at the start
of the project.

PW = -$100,000 + $27,000(P/ Ay, 1) + $500(P/Fyg,10)
= -$100,000 +$27,000(6.1446) + $500(0.3856)
=$66,097

Since the present value of the benefits of the project exceed the present
value of the cost by $66,097, this is a highly cost-effective project.

ey 25
-—— (205 = I L s
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of 100,000 Th retrot system i estimate o 3ave 450,000 kioviat Nours per year fo s econormi e of 0y, The company uSe3 3 WARR of 0% 1 the co
Since the present value of the benehts of the project exceed the present

value of the cost by $66,097, this is a highly cost-effective project.
No eBook available The second method finds the future worth by calculating the equiva-
lent cash flows at the end of year 10. The F/P factor is used to move the

The Fairmont Press, Inc. $100,000 cost to a value at the end of year 10, and the F/A factor is used

Amezoncom to find the equivalent future value of the series of $27,000 annual savings
Find in a library over the project’s 10-year life. The $500 salvage value is already based at
Al sellers » the end of year 10, 50 it can be added in directly.

FW  =-$100,000(F/ Pyg,0) + $27,000(F/ A 1) + $500
==$100,000(2:594) + $27,000(15.937) +$500
=$171,399

The positive future worth of the project also confirms that it is a cost-ef-
Guide To Energy fective EMO.

Management The third method reduces the initial cost and the salvage value to
By Bamey L. Capehart, Wayne C. equivalent uniform annual amounts over the life of the project. The A/P

urner, Wilam . Kennedy.
factor is used for the cost and the A/F factor is used for the salvage value.
Assingle zone heating  Go

About this book

My library
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‘Result 1 of 1 in this book for A single zone heating unit is being used in a small office building. A variable air volume system retrofit can be purchased and installed for a cost Clear search
pr— of $100,00. Th retroft system s estimated to save 450,000 Kilowat hours per yearfo ts economic ife of 10 years. The company uses a MARR of10%. I the co

Economic Evaluation s

No eBook available
AW =-$100,000(A/ Py, 1) + $27,000 + $500(A/F,10)

The Faimont Press, Inc. §100,000(0.1628) + $27,000 + $500(0.0628)
Amazon.com _s10,751
Find ina library Even after discounting the savings at a 10% MARR, there is stll a net sav-
Al sellers » ings of $10,751 per year from implementing this new VAV system.

Since the PW, FW, and AW are all positive, this indicates the project
should be pursued, from an cconomic standpoint.

4.8.2 Benefit/Cost Ratio, or Savings/Investment Ratio

A benefit/ cost ratio (BCR), also known as a savings/investment
ratio (SIR), calculates the present worth of all benefits, then calculates the
present worth of all costs, and takes the ratio of the two sums. The BCR

Guide To Energy

Management t !
By Barney L Capehart, Wayne C. or SIR is another alternative economic decision-making criterion. It is fa-
umer, Wikam J Ketnedy vored by some organizations including parts of the US. Government and
Asingle zone heating  Go. Military—especially the Army Corps of Engineers. A careful definition

of “benefits” and “costs” is important. Benefits are defined to mean all
About this book the advantages, less any disadvantages, to the users. Costs are defined to
mean all costs, less any savings, that will be incurred by the sponsor. With
these definitions, a salvage value would reduce the costs for the sponsor,

My library
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Example 4.11

e oo An energy efficient air compressor is proposed by a vendor. The
compressor will cost $30,000 installed, and will require $1,000 worth of

maintenance cach year for its life of 10 years. Energy costs will be $6,000

per year. A standard air compressor will cost $25,000 and will require $500

No eBook available

The Fairmont Press, Inc. worth of maintenance each year. Its energy costs will be $10,000 per year.

Amazon.com 1f your company uses a MARR of 10%, would you invest in the energy of-
ficient air compressor?

Find in a library

Al sellers » Alternative 1: Energy efficient air compressor

Alternative 2: Standard air compressor

Guide To Energy
Management

By Barmey L. Capenart, Wayne C.
urner, Wilam . Kennedy.
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Economic Evaluation 15
About this book a
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EOY  Alternative 1 Alternative 2
0 $30,000 $25,000
1 $1,000 +$6,000=$7,000  $500 + $10,000 = $10,500
2 57,000 $10,500
3 $7,000 $10,500
4 57,000 510,500
5 $7,000 $10,500
6 $7,000 $10,500
7 $7,000 510,500
8 $7,000 $10,500
9 $7,000 $10,500
10 $7,000 510,500

(Note: In a Life Cycle Cost Analysis, all cash flows are costs,
are ignored.)

nd the signs

Analysis:
LCC(AIt1)  =$30,000 +$7,000(P/ A 1)
30,000 + $7,000(6.1446)

=§73,012

LCC(AIL2) = 525,000 + $10,500(P/ A1)
=§25,000 + $10,500(6.1446)
89,518

The decision rule for LCC analysis is to choose the alternative with the
LCC. Since Alternative 1 has the lowest LCC, it should be chosen.

lowe:
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Example 4.14

A company has energy costs of $25,000 a year for the next three
years. The cost of energy is subject to escalation, and the energy cost esca-
lation rateis 25%. The company’s real discount rate is 4%. Find the present
worth (PW) of the energy costs using a) constant dollars and b) current
(actual) dollars.
2) Constant dollar analysis

The constant dollar cash flow is $25,000/yr for 3 years. Using the real
interest rate of 4% to discount the constant dollar cash flow, we obtain:
PW(constant $) = $25,000(P/Fy ) + $25,000(P/F, ) + $25,000(P/F, )
25,00001.04)1 + $25,00(104)2  $25,000(1.04)2

=$24,038 + $23,114 + $22,205
=$69,377

b) Current (actual) dollar analysis

Two quantities must be calculated before the current (actual) dollar
analysis can be performed, 1) the current (actual) dollar cash flow, and 2)
the combined interest rate which will be used to discount the current (ac-
tual) dollar cash flow.
Current (actual) dollars
Current (actual) $ (yr 1)
Current (actual) $ (yr 2)
Current (actual) $ (yr 3)
Combined interest rate
PW (current/actual $)

Constant dollars (1 + escalation rate)®

$2500001.25)  =$31,250

$25,000(1.25%  =$39,063

$25,000(1.25)3 = $48,828

04+ .25+ (04)(25) = 30 or 30%

$31,250(P/Fy ) + $39,063(P/ Fa)

+ 548 828(P/Fyg 5)

= §31,250(1.30)"1 + $39,063(1.30)°2
+$48,828(1.30)°3

= 524,038 + $23,114 + $22,225

Abdullah Naseer HayRee
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Result 10711 11 book or An energy manager has $5,000 vaiable foday to purchase a high sficiency air conditioner with a e of six years. She would ke {0 know whst Cearsearen

energy cost savings would be needed sach year o ustiy tis project  the company MARR s 10%.

Example 4.5
No eBook available An energy manager has $5,000 available today to purchase a high

efficiency air conditioner with a life of six years. She would like to know
The Fairmont Press, Inc. what energy cost savings would be needed each year to justify this project -
Amazon.com if the company MARR is 10%.
Find in a library P 55:900
Al sellers » 0%

6
@00
This problem is the first type of conversion: find A, given P. Therefore:
0 Reviews A = $5,000(A/Pyg5)
» Write review $5,000(.229)
= §1,148
Guide To Energy Thus, if the air conditioner produces annual energy cost savings of $1148
e oo or greater, the company will earn its MARR at the least. If the savings is
e ot ey greater than $1148, the actual rate of return will be greater than 10%.
An t
energy managerf | Go Example 4.6

About this book A heat pump is expected to produce energy cost savings of $1,500
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Guide To Energy
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By Barmey L. Capenart, Wayne C.
urner, Wilam . Kennedy.
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About this book
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or greater, the company will earn its MARR at the least. If the savings is
greater than $1148, the actual rate of return will be greater than 10%

Example 4.6
A heat pump is expected to produce

ergy cost savings of $1,500
per year over a lifetime of 20 years. What is the equivalent present sum or
present worth for this series of cash flows, if the company MARR is 10%2
$1,500

10%

20

This is the find P, given A problem.
P=$1,500(P/ A 10, 20) = $1,500(8.5136) = §12,770

This $12,770 is the worth in today’s dollars of the series of annual sav-
ings over 20 years. It could also be considered as the incremental cost that
could be paid for the heat pump compared to an electric resistance heater,
and still produce a rate of return of 10% on the investment.
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The term (1 + i)™ is called the present worth factor, (P/F, ), which is
:

read: find P, given E, at i% for n periods (ycars).

No eBook available Example 4.4

An energy manager expects a boiler o last 7 years, and he thinks it

The Faimont Press, Inc. will cost about $150,000 to replace at that time. How much money should

Amezencom the company deposit today in an account paying 10% per year in order to
Find in a library have $150,000 available in 7 years?
Al sellers » For this problem:

F = $150,000

—10%
n=7years
P2
Using Equation 4.5,
Guide To Energy P=$150,000(1.1)7 = §76,974
e e Using the present worth factor (P/Fyg ;) and Table 4-4,
mer, Wik . Kenedy P=$150,000(P/ F) = $150,000(0.5132) = $76,950
o
About this book 16 DISCOUNTED CASH FLOWS: UNIFORM SERIES
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A company needs to begin saving money for the new boiler in ex-
ample 4.4. The company will make a deposit each year for 7 years to a sav-

No eBook available ings account paying 10% annually. How large should the annual deposits

The Fairmont Press, Inc. beif they want to have §150,000 in the bank in 7 years?
‘Amazon.com F = \[159,000

i=10%
Find in a library n 7

Al sellers » A=

This problem is characterized as a find A, given F problem.
A = $150,000(A/F7)

$150,000(.1054)

15,810
Example 4.8
Guide To Energy A high efficiency lighting project for a company is saving $10,000 a
';"Eﬂﬂe{":"'" B year in energy costs. If that $10,000 a year is deposited into an energy man-
e o ey agement savings account paying 10%, how much money will be avail-
able in 5 years to use to replace an old chiller with a new, high efficiency
. Y
model?
About this book A = $10,000
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Example 4.8
A high efficiency lighting project for a company is saving $10,000 a

year in energy costs. If that $10,000 a year is deposited into an energy man-
agement savings account paying 10%, how much money will be avail-
able in 5 years to use to replace an old chiller with a new, high efficiency

No eBook available

The Fairmont Press, Inc. model?

Amazon com A = $10,000
i = 10%

Find in a library n=5

Al sellers » F=1

This is the find F, given A problem.
F = $10000 (F/Ags)

10,000 (6.105)

= 61,050

By placing the

earns 10% intere

10,000 a year energy cost savings into an account that
, the company will have $61,050 to spend on the next

Guide To Energy
Management project in five years,
By Barmey L. Capeart, iayne C.

urner, Wilam . Kennedy.

. 47 A COST ANALYSIS METHODOLOGY
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