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Engineering E conomics

Your company has asked you 1o evaluate two clectrostatic copy machines from an economic
standpoint. Machine A rents for $100 per month 2nd has 2 totzl cost per copy of 8 eents including
labor costs of waiting for the Fnished copy. Machine B rents for $£300 per month and has 2 totzl

cost per copy of 3 cents including labor charges.
(a) Find the standoff (either tnachine acesptable} guantity of monthly copics.
(b) Which machinc would be preferableifl you estimate 3000 copies per month?

What would be the value in & ysars of $1000 compounded annually &t 7% interest?
How much is 51000 four years from now worth to you at 6% interest compaounded anmually?

If you make 5 end of year deposits of $100 each to an annually compounded account 2t 6% interest
how much will you have at the end of the 5th ycar? :

How much are 7 end of ycar payments of $1000 each worth to you now with annual compounding
at 8% interest?

If you borrow $10,000 and repay itin’5 cod of year equal payments with annuzl compounding &t
§% intarest how much will the payments be?

How much would you have to dapasit at the end of each ycar for € years to accumulate $1000 for
equipment overhzul? Compoundrg is annual at 10% interest.

. You have the oppariunity to purchase 2 £10,000 sewer band from the city of New Horizon which

pays 5% interest anmually on the face valuc of the bond; the bond i redeemable at face value in
20 ycars. Find the maximum price you would pay for the bond assuming your maney value at 10%

interest rate.

Find the nominal and cffective annuel interest rates for & credit system that charges 1% per

month for its money kse.
A small manufacturiag process has a first cost of $100,000 a life of 10 yea'rs, and a §30,000 salvage
value. The revenues cach year are 550,000 and the annua) disbursements are 320,000, At a 20%
cast of money find:

(a) the preseat cquivalent.

(b) the annnal equivalent.
A land speculator states that he just sold a propesty for a profit of $10,000. Each year of ownership
be teceived the rental income of 5400 and paid property taxes of $100. He has compnted bis rate

of retum to be exactly 10% on the juvestment be made 20 years ago. What was the orlginal

investment. 187
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Enginearing Erconomics

- A municipal tax Exempt electric utility is faced with the following apnuai frequency of power

cutage and cost characraristics for a particular industrial park it serves:

Probability of This Numbe, Cost of This Number of Out-

Number of Outapes During the Year 2ges to the Utility Company

0 3 5 o
1 3 $ 1,000
2 2 s 2,000
3 1 $ 5,000
4 1 $10,000

Neote that the £ost per failure increases for more numerolts outages during the year due 19 cop-
tractual eommitments Euaranteting power to a cookic manufacturer and alsa 10 o semi~conductor
manufacturer. By installing a backup system the zcave prababilities are <hanged 1o the fallowing;

PO =~ 7P(1) = 2,P(2) = .1, P(3) = P(4) = 0

Assume the backup system will have a Jife of 20 years with no saivage value and annua] maintenance
will be $300, Find the maximum amount of mency the utility eould 2fford 30 spend on thiz backup
system at 2 M0% interast rate,

The ity of Naw Horizon is current ¥ spending 815 per ton to Process household ref; use at the jocal
landfll A refuse Tesource recovery system s being proposed to the ity that wilf yield equivalent

will have an installed cost of 5500,000, with 25 estimated life of 20 years, and no salvage valye,
The annuat Operaiing costs are estimated ap $10,000 plus §5 PErton. Ata 10% intercst rate find
the minimum 2naug) amount of refuse that myst be processed 20 make this resourge recovary
Sysiem economically competitive with the landgil operation,

2 12x ratz of 46% for:

(a) Straight [inc depreciation,

(b)) Sum of year's digits.

(¢) Double rate declining balanee,

Formulas
W/pYi= () + ip
1
/D = T+
P40 —1

(p/a)i = ‘-,ﬁ—j—u—.—
(a/p = LD
(tfaym LEP =1

(a/D.= z;—‘.r:-;'T:—l

.




ENGR 401 Engineering Economics
Review Questions for Test 1

Calculate the Net Present Worth (NPW) for each of the following cash flows. Calculate for 5 years with a
15% cost of money. Include a cash flow diagram for each problem,

A: Your computer initialky costs $2000, and you will be receiving an income from typed reporis once a
year tolaling $597.

B. Ymmmpmmjﬁanymsm.nndmwﬂlbemﬁviugmmmwmma
year for $425 and increasing by $100 afier the first year.

C. Ywmﬁﬁﬂhmﬂ%ﬁ,aﬁmﬁﬂhmﬁvﬂmuwﬁnmmm
according to the following schedule; $500 for the first two years, $927 the 37, and decreasing by
$400 the 4® and 5% year,

D. Your computer initially costs $2000, and you will be receiving an income from typed reports al the
end of the 2™ year in the amount of $1000, $1424 for the 37 year , and $1000 for the 4%,

E. Based on the following discussions, which cash flow has the greatest Net Present Worth?



*i dam wat coastructed for $200,000. --The znnual miinkepance cost is §5000. If
iarerast ts at 5%, the :aFt.:ali.:g.d zosg af the dam, focluding maincenance is:

Capitalized cust_-‘_?ﬁgaflg?.o + 3‘3@- $?qq,uuo

T il _
Ry - oy ey o

%4 Bream boller ia purchased on the basisuof guatanteed performahces. A rest
indicates that the operating cost will be $300 wore par year chan the manufacrurer
gutranteed, If the expecred 1life of the boller is 20 years aod mosey is werth

87, bow much should the purchaser deduct from the purchase price to campensate

for the exrra aperatipng cost?

P = A(P/A, 1T, W) = 300 (F/A, 8%, 20) = 300 (9.8181) = $2,545.43

*A man buys & small garden tractor. There will be no mainsenance cost the first
year as the cractor L5 sold with one year's fres maintenance. The second year .
the maintenance is estimated at 520, Insubsequent years the maintenance cost
will increzee $20 per year (i.e., 3rd yeal mainlenance = $40; &4th yaar maintenance
= $60, etc.), How much would need £o be set aside now at 5% interest ro pay

the milnzenanes costs on the cractor for the first six years of ownership?

P = $20(P/F,5%,2) + S40(P/F,5%,3) + $60(B/F,5%,4)+580(P/F,52, )+$100(P/F,5%,6)
= Z0(0.9070) + 40(0.8836) + 60(0.8227) + BOCD.7835) + L00(0. 7462} '
= 1B,14 + 34.55  +  49.38  + 62,68 + 74.62

= §5239.35
CR
Using Gradient Takle
P = G(B/G, 5%,6)

= $20{11, 568}

= $23%9.35
*Hotors from twe different manufacturers are being considered for an applicarion.
Both morors are S0P, 460 volts, 3 phase, 60 cycie, but Motor A operates at 80Z
efficlency whereas Motor B operates st 88% efFiciency. The expected need for
moters is 15 years. Motor & cests 5500 and Major B costs §750. Electrieal .

ecergy costs 2.0 cenck/kwh. and the morors will be opersted 8 hours per day,
250 daye per year. Assume taxes at 3%. ¥Which morer sheuld be purchased? WHY?

" Assumptions

1 borsepower = 0.746 kilowatts
Assume money at 6% per year

Annuzl Powetr Consumption

Mater As
50 12 x D.748¥W . B hri.

0.80 eff o aav

x 250 days , 0.02 dollars $1865.00
wear KWH




G Ammgmgimﬁshumhyahmmbmua]ycanaﬁmd
doars are availabic a 12

Payseuts of $50x0), Thirty year
%inlucﬂmmpmchdmmj. Ifshgmnmah:as
hilatfslhe;ticcofﬂs: i

1 Ummmmmmmemmna]mdmmmmmmmmym,mk%
Dever tnue?

1 mmmalmdmmrmmmmcmwchhwm une month
lmaﬁiﬂ:aﬁ;gkpaymmofﬁo. 'Whumtkmnﬁmjma}i;mmfermm?
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O weck Wuwm“kﬁmﬁd' anpement?



Mocer g;

50 Ep 0.745 KW _ 8 prs, 250 days 0.02 doltags _-
<:2< dollars .
0.BEeff ¥ T x day” T e X K $1704.51
- Eguivalent Uniform Anmual ﬁnnt 3}“:.??{;&1 AN :g\ ',?:3!-
Motor As o B
Capital Recovery = F600(A/P, 62,15) = $600(0.1030) = 4 61.80
Taxes = £500(0,03) - = 1805
Aonual Pouer Cost = _1BES. pp
ANNILIL CosT § 194480
Moter .
Capital Recovery = $750(4/7,87,15) = $750(0.1030) « ¢ 77.25
Tazes = $750(0,03) o = 22.%
Anoual Fowap Cost - 1704.51
. ANNIAL cosT $ 180402

Based op assvmptions made, Moter B shopld be purchasad AL ® Eavings of 140,54

FET year.

1 cosr analysiz pg derermirs which of
Each marhine is capable af Performing
ot themi gfmuy SCTractive rate of .

. Hechine ¥ Machine ¥
First Casgp §5,000 _ $10,000
Estimated 14 fe. S ¥Ts .+ 12 yre .
Szlvage Valus Nane £3,000
$125 §i50

Annual Maipceng nce Cosr

Arnual Cast Comesrisap
T————=_LDmesTison

HMachine x.

Capital Recovery = 35000{&./?,52,5)
= 500000.2374) = $11g87
- 125

Annual Maincenance cuge
ANNUAL £OS5T = §l312
Machine ¥;

_ /’E.piul Recovery = ($120,000-3, oop) (A/P,6%,12)

- - (§7000) (0.1293) = § 835

_dAnzual Interest pq Salvage Value |
= = 33000(0.08) = 1B)
Annual Malntenance Cost L 150

= £1145

ANNUAL CosT

Select Machine Y (smaller agguag coEz)



#In buflding 2 highway, a8 highway commission is faced with the alterpnatives of
building & 4-lane underpass that would take care of all future needs or building

* a 2-lapne underpa2ss now and 2 second 2-lane undezpass 10 ye:rs later. The L-lape
underpass would cost £40,000 2nd have a maintenance cost of 51,000 per year during
the 40 years it is expected an underpass will be needed. The 2-lane underpass
will cost $27,000 each and each would have 2 maintenance cost of 5800 per year.
If financing costs are 6%, vhich alternative should be adopted? Assume zero -

salvage value for each alternative &t the end of 40 years.

4-Lanes
First Cost = 540,000 -
P.W. Maint. = $1000(P/A,6%,40) = 1000(15.05) = 15,050
TOTAL P.W. COST = $55,050
i‘uo 2-lane;
= .  Fizst Cost of lst 4 = $27,000
g 07 P.W, Maine. &f “1st = 5800(P/A, 6%, éﬁ} = 12,040
,} W ¢k PeWiTof 2od = §27, 000(P/7,6%,10) - - 15,080
~J=—8"" PiW. Haint, of 2nd = $BOO(P/A,67,30) (B/F,62,10) = _ 6,140
beAL F.W. COST = 560,260
Single &4-lane underpass is more economical.
-
STATISTICS ;

*Maan - is the average and is found by adding the values of the observations
and then dividing by the number of objects observed.

*Mode - is the typical value and is the item that occurs most frequently

*Median - is the middle value and is 2 value which has an equal number of
observations greater than and an equal number less than tne value

*Rangs - is the diffe.-ence between the largest and smallest observation

*The mean, mode, and median are measures of central tendency.

*The Range, Standard Deviatifon, and Variance are measures of dispersion about
their mean (spread of observations), .
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ENGINEERING ECONOMY

About how long will §% take 7or §10,000 investad at 5% per vear cerpsundsd
annually to dauble in value?

2 5 years
b; 10 years
c) 15 years
d; 20 yearsg
e) 25 years

IT $200 is dgpesited in a savings account at the beginning gf each of 15
years and the account drews intersst 2t 7% per year compounded annually,
the value of the asccount al the end of 15 years will be most nearly:

&) £5,000
b} §5,40%
c) $6,000
d) $5,500
e) $7,200 -

Kow many months at an intsrest rata of 1 percent per month does monay have
to be inyasted before it will double in valua? g

a) 59 months
b} &2 months
c] 70 months .
d) 7€ months
e} B3 months

-

A department store charges one and one-half percent intzrast ssr manth ¢n
credit purchases, TRis is gquivalept to a nominal annual intazrest rate of

2} 1.5 percent
t) 15.0 percent
¢} 12.0 percant
d} 19.6 percent
€e) 21,0 percent

A bank pays cne parzent iInterest on savings 2ccounts four times a year,
The effective annual interest rete is

} 1,00 percant
1.04 percent
g 3.96 percent
4.00 percent

e} 4.06 parcent

a
b
c
d
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& sum of $1.000 is berrowed for one year at an interest rate of 1% par mc
If this same sum of money is borrowed for the same period at an intzress
rate af 12% per apnum, tha saving 1n interest charges would be:

ay §¢0
b} 5§13
e} §5
d) §7
e) 14

Which of tha following is NOT a method of depreciating plant equiprant fc
accounting and enginesring economic analysis purposes?

a; fauble entry methad

by Fixed percentaoce rmethad
e} Sum-of-year-digits mathod
d] Straight 1inz method

e} Sinking fund method

What prasent sum would be needed to provide for annual end-of-year paymer
of $15 each faraver? Assume interest is- 6%,

a) % 90.00
b} $150.00
¢) 5229.27
d) §250.00
e) $200.00

-

A dam was constructed for $200,000. The annual meintenance cest is §5,00
1 interest is at § percent, the capitalized cost of the ¢am, including
maintenance, {s:

a) 500,000
b} $200,000
¢c) £215.000
d) $250,000
e) £300,000

Given a sum of money O that will be received stz years from now. At 5
percant ecmpound interest the present worth now of G is §60,00, At th
same interest rate, what would be the value of Q tazn years from now?

a) 5 60.00
b) $ 76.58
c) 5 90.00
g} §97.73

e) $i20.00



DEPRECIATION METHODS

Terms

L = pseful life of scructure in years

C = Original cost
& = Annual cost of depreciation

€y = vzlue at the ecd of & yesars
Cp = Valwr at e=nd of life structure (salwvage value)

P pepreciation through year A

Srralghr-Line Merchod

A(C-Cyp}
d = C-Cp _ n, - y —

L

Examole

f depresiacion, salvage valus at =nd af sixth year,
of sixth year ©n & Structure that zest $120

tus of 520 a2t end of 1D years.

patermine the yearly eost @
and total deprecistion up EO end
pew and has an estimated scrap va
- 6{$1i0-20) - 560 Cp - slzn-“SIfE'ZW - 560

$120-520
d = 0 = 310/yT. _ Dg

Fixed Percentcage -Hethcd

The sanual cest of depreeiation is 2 #ixed percencage wi the salvage walue at the

beginning of the year. Does pot consider scrap value.

4, = Ck wharg k = depreciatien coostant

1
dy = {Cy_ 1)k L * C(i-k)"‘ € = C(l-k)-&

k-l-&l_cé_-]_—
c

o

Examole

Determine the depreciacion charge for the sixth year and the salvage value ar
rhe eod of the sixth year for a dtructure that cest 5120 when new and has an
gstimared life of 10 years. Serap value at the end of itslife is 520 and

k= 0.164. )
cg = §120(1 - 0.166)> = 120(0.4085) = §49.02
dg = (549.02) (k) = (45.02) (-164) = $8.0¢

g = $120¢1 - 0.164)> = $40.98



%A dam ves constructed for $200,000. - The anoual msintenagee cost is 35000. 1f
ineerest 15 at 5%, the capi:alf.zgd cost of the dam, inmcluding maincenance is:

Capitalized Cost = §200,000 + gogg = $300,000

mA Stesm boiler is purchased on the hesis of gusranteed performanse. A test
indicates that the oparating cost will be $300 wore per year than the manufacturer

guarancesd. If the expected Bife of the boller is 20 yrars and meney is worth ’
8%, hou much should the purchaser deduat from cthe purchase price Lo compensite

for the sxtra oparating cost?

P = A(P/4, 1%, N) = 300 (P/a, BR, 20} = 300 (9.B181) = $2,945.42

*A min buys a small garden tractor, There will be no malacenance cost the firat
year as the tractor is sold with one year's free maincenpance, The pecond year .

. the maintemancs is estimated at §20. Insubsequent yeacs the maiantensnss cost
will inerease 520 per year (i.e., Jrd year msintenance = $40; 4th year oaintenance
= $60, etc.). How much would peed o be ret aside now at 5% intarest to pay

the maintenance costs on the tractor fer the first six years of ownership? -

P = §20(P/F,5%,2) + S4O0{¢/F,5%,3) + 860(P/F,5L,56)+580(F/F,5%,5)+5100(F/F,5L,6)
= 20(0.90703 + 40(D.8636) + &0(0.8227) + BO(D.7835} + 100(0.7462)
= 18.14 + 34.5% + 49.36  + 62.68 + 74.&2

= 5239.35
UR

Usipg Gradieat Table

P = G{P/G, 5%,6)
- §30(11.968)

=~ §239.35

wMogors from two different manufacrurers are being zonsidered for sn application.
Both motors are SOHP, 450 volts, 3 phase, 60 cycle, but Motsr A operates at 807
efficiency whersas Motor B opetates ar BBL efficiency. The expected need for
oocors £5 15 years. HMoter A coSLCE $600 and Moror B costs 2750. Elecrrical
eoergy costs 2.0 eents/kwh. and the merors will be operaced & hours per day,
250 days per year. Assume taxes ar 3Z. Whick mocor should be purchased? WHYT

Assympt iens

1 horsepower = D.746 kilowatts
Assupe mooey at &7 per year

Annual Power Conzumptien

Hoter A:

50 HP x D.T46KW , B hra. x 250 days y 0-02 dellars o g3555.00
0.80 eif 1 Sy year R




+In buildiag a nighway, a highway commission is faced with the alrernatives of
building a 4-lane undarpass thzt would cake cate of all future pesds =r bulldiag

- 3 2-lsne underpass now and g second 2-lane undespass 10 years later. JThe 4-lage
undeTpass would cost $40,000 and bave a maintenance cost of §1,000 per year during
the &0 years it 1s expected ao underpass will be oseded. The 2-lane underpass
will cost $27,000 sach and each would have a maintenance cost of $800 per year,
If financing costs are 6%, which alcernative should be adopted? Assume zero
galvage value for each alrernative at the end of 40 years,

heLane:
First Cest = §40,000
P.¥W. Maipt., = $1G0D0(P/A,6%,40) = 1000Q(15.05) = _15,05¢
TOTAL P.W. COST = $§55,050
Two Z2-Lao=:
Tirst Cost of lst = 827,000
P.W. Mainc. of lst = §$BO0{P/A,E%,10} = 12,040
P.W. of 2pd = 527,000(P/T,6%,10) = 15,080
P.W. Heint. of 2nd = §BOO(P/A,6%,30) (P/F,62,10) = §,140
TOTAL P.W. COST = 560,260

Single 4-lane underpass is more ecopomical,

STATISTICS

*Maan - {5 the average and is found by adding the values of the ohsarvatians
and then dividinrg by the number of objects observed.

*Mode - is the typical valve snd is the item that occurs most fraguently

“Hed{an - {5 the micdle value ang 15 2 value which has an equa) number of
gbservations greater than and an equal number less than tne value

*Ranga - is the differ=nce between the largest and smaliest cbservatien

*The mean, mode, and median are measures of central tendency.

*The Range, Standard Deviation, and Variance are measures af disparsion about
their mean {spread of observations}.
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Deter ;mn% w/uaA a-F :‘wo e:am/mfmj

Crossover CHarT'
(break -evenr chart)

A basic déSf n rob/em :5
whe ther enera/ e
a v ,amen 7"' /om c pital Co: bot

a em " ) or
chm e w/omsnf
Pf vt fow
eratin cos s ) A+ some
a’:r aaAfa jz Fhe cos
ftrhe hdo ?ﬂ are &
- ﬂus is the preak-even po m'-
Examf/e: ®

Us enaine lathe vs,
mjaa-?-wr qu.-f' e,

Information for Breakeven Example

Engloe Tarret

Ttem . Laxthe Lathe

Machine cost, $/h

Capital {depreciation) 50
Cther bunden O

4

Lahae cont, $/h 6.00
Machine + babor, $/h 10.50

Pzed costs
Setup coxt,
Setup cost,

h 1 1
L 1.05

Tooling costs, § 10.00

Toaal, §
Variahlc costs

Manufscruring time. h ’ 2 . .1
Mig variahle cost, §/plece 210
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Engineering' Economics Review
Answer Koy

Engineering Economics Questions pages 187-188, numbers 1-14

1} a: Q=4000 copies/imonth
b: Q=3000 copies/marith > machine A would De lower cost
2) F=$1,501.00
3y P=$792.10
4) F=§863.70
5) P=$5205.00
6} A=%2,374.00
7} A=3129.61
8) P=§5733.00
8} i(nominal)=18% i{effective)=19.56%
10) & P=$27,37500 b A=$6,533.20
11) P=$4,745.36
12) Expected outage cost of oid system=§2,200
Expected outage cost with proposed back-up system=$400
Equate annual cast of old with new, expenditure <= $12,770.30
13) Q=3436 tonslyear
14} a P=-$7,837.80
b: P=-$3,826.80
c: P=-$3,234.40

Engr 401: Enginesring Economics Review Questions for Test 1; Problems A-K

A) NPW=§1.14

-B) NPW=%$2.10

_C) NPW=-3213.1¢2
D) NPW=§264.08

E)} cashflow D

F) nominal=18%

‘3) P=%53,609

H) effective=16.075%
1) When there Is annual compounding
Jy nominal=240%

K} nominal=2080%

Engineering Economy Questions 41-50

41) E
42} ¢
43) E
44) B
45) E



46) D .
47) B
48) C
49) D
50) A

Enginesring Economy; Probiems 1-12

1)¢C
2) B
3) C
a4 c
s) E
g) B
IE:
8) B
9) E
10)C
11)¢c
12) A
13) A
14) D
15)E
16) D
17)C
18) A
19)C

Crossovar Chart {Break-even Chart)

11.05+21N=111+1.1N - N=8885~ 100 pieces



