LAU
REARQ) Ok KR ey INE320 Engineering Economy

Exam Il, Fall 2014, Section 1

Tuesday, November 25, 2014-2:00 pm to 3:15 pm}-5:00 pm to 6:15 pm

Note: Formulae and Tables are provided at the end of the booklet.
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Problem I. 26%

A Contractor bought a new transit mixer at $250,000. For a service life of 8 years, a Salvage
Value of $40,000 and an interest rate of 6% compounded monthly.

a) Calculate the Capital Recovery Cost, in $ per month, of owning the new equipment.
(6%)

b) Periodic repair works are scheduled every quarter. The cost for the first repair works
is $9,000 and increases by 5% every quarter. Calculate the equivalent repair works

monthly cost. (10%)

c) The Operation and Maintenance costs are equal to $7,000 per month and increase
by $150 per month. Calculate the equivalent hourly cost of only operating and
maintaining the equipment, assuming the hours of equipment operation are 60 hours
per month for the first month and increase by 10 hours every month. (10%)

Solution

a) CR=((I—-9S)(A/P,i,N) +iS where:
i=effective monthly interest rate=% = 0.5 % and N=8x12=96 months

CR = (250,000 — 40,000)(A/P, 0.5%, 96) + (0.005)(40,000)
CR = (250,000 — 40,000)(0.0131) + (0.005) (40,000) =$2,951 per month

b) A=P(A/P,i, N) where A is the equivalent repair works monthly cost, i is the

effective monthly interest rate and N is the service life in months.
P is the present worth of repair works: P = A1(P/A1, g,i, N) where:
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A;=9,000; g=5%; N=8x4=32 quarters
. . . \¢ 0.06\3
i is the effective interest rate quarterly, that is i = (1 + M) —-1= (1 + ?) -1

i=1.5075%
P =9,000(P/A1,5%,1.5075%,32) = (9,000)(55.8914)=503,022
A=503,033 (A/P, 0.5%,96)=(503,033) (0.0131)=$6,590 per month

c) The equivalent monthly O&M cost is: A=7,000+150 (A/G,0.5%,96)
Let C be the equivalent hourly cost:
A=60 C+ 10 C (A/G,0.5%,96)
We equate A in both equations:
7,000+150(A/G, 0.5%, 96) = (60+10 (A/G, 0.5%, 96)) C
7,000+ (150) (43.6845) = (60+10 (43.6845)) C
C=13,553/497=%$27.3 per hour

Problem Il. 26%

You are considering investing in a new plant A. The building and equipment would cost an
estimated $16 million and the plant has a service life of 8 years and a salvage value of $ 4
million at the end of its service life. The operating revenues are expected to be equal to $3
million per year. Assume MARR=10% compounded yearly.

a) Calculate the exact simple payback period. (6%)

b) Calculate the discounted payback period. (6%)

c) You are comparing your new plant A with an alternate investment B that has a Net
Present Worth of $ 4.2 million at year 0 and a service life of 24 years. Which
investment is more profitable, A or B? Explain. (6%)

d) If for the new Plant A, the salvage value is zero and the plant can be operated for the
first 8 years at an annual operating revenue of $ 0.5 million per year and after the first
8 years and till infinity, at an annual operation revenue R. What should be R so that
the project breaks even? (8%)

Solution

a) The exact simple payback period is 3.
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S
Year Cash Flow Cumulative Cash Flow
0 -9 -9
1 3 -6
2 3 -3
3 3 0
4 3 3
5 3 6
6 3 9
7 3 12
8 3 15
Discussion:

It shall be noted that the salvage value, in calculating the payback period, should be
subtracted from the initial investment at year O.

b) The discounted payback period is between 3 and 4 years.

Year Cash Flow Cost of Funds Cumulative Cash
Flow+ Cost of Funds
0 -9 0.00 -9
1 3 -0.90 -7
2 3 -0.69 -5
3 3 -0.46 -2
4 3 -0.20 1
5 3 0.07 4
6 3 0.38 7
7 3 0.72 11
8 3 1.09 15

C) NPV a(1cyee)=-16+3 (P/A, 10%,8)+4(P/F,10%,8)=-16+3(5.3349)+4(0.4665)=1.8707
NPV A 3 cycles=1.8707 (1+(P/F,10%,8)+(P/F,10%,16))=1.8707
(1+0.4665+0.2176)=3.1504<4.2 million, then B is more profitable than A.

d) The project breaks even when it is present worth at year 8 is zero.
-16(F/P, 10%, 8) +0.5 (F/A, 10%, 8)+R/0.1=0,
then R=0.1(16(2.1436)-0.5(11.4359))=2.85 million per year.

Problem Ill.

20%

An engineer is considering 2 alternatives for a new surface treatment for an access road with

a length L.

Alternative “A” has a gravel base and pavement with an initial cost of $500,000 that will last
for 15 years and has an annual maintenance cost of $100 per mile.

Alternative “B” proposes an enhanced gravel base which costs $50,000 now and a coat of
durable hot oil mix for the surface at a cost of $130 per barrel applied. The gravel base
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remains intact but annual reapplication of the mix is required. It is known that a barrel of the
oil mix covers 0.05 miles.

a) If the discount rate is 10% compounded yearly, determine L at which the two
alternatives break even. (12%)
b) If L= 12.5 miles, which is the more economical alternative? (8%)

Solution

a) The Annual Cost of each alternative is as follows:
AC(A)=500,000(A/P,10%,15)+100L=500,000 (0.13147)+100L=65,735+100L
AC(B)=AC(1)+AC(2)

AC(1)=(130L)/(0.05)=2,600L

AC(2)=(50,000+2,600L)(0.10)=5,000+260L

AC(B)=5,000+2,860L

AC(A)=AC(B) leads t0:65,735+100L=5,000+2,860L, which gives L=22 miles.

b) For L=12.5 miles, AC(A)=66,985 and AC(B)=40,750, the most economical is
alternative B.

Problem IV. 20%
You have been given the following cost and revenue estimates for 2 options for a new hotel:

Option A: The initial costs are $10 million now with an overhaul costing $0.5 million 5 years
from now. The annual operating cost is $100,000 per year. The revenues are expected to be
equal to $1.5 million for the first year, increasing by 10% per year. The salvage value at year
12 is $7 million and the project life is 12 years.

Option B: The initial cost is $42 million with an annual operating cost of $300,000 per year.
The revenues are expected to be equal to $ 6 million per year for the project life of 8 years.
The salvage value at year 8 is $30 million.

Select the best option using the net present worth analysis with MARR=10% compounded
yearly.

Solution

We should compare the present worth of both options over a period of 24 years.

NPWA (1 cyeie) =-10-0.5(P/F,10%,5)-0.1(P/A,10%,12)+1.5(P/A;,10%,10%,12)+7(P/F,10%,12)
NPWA (1 ¢ycley =-10-0.5(0.6209)-0.1(6.8137)+1.5(10.9091)+7(0.3186)=$ 7.6 million

NPWB (1 cyeie) =-42-0.3(P/A, 10%, 8) +6(P/A, 10%,8)+30 (P/F,10%,8)

NPWB (1 ¢ycle) =-42-0.3(5.3349)+6(5.3349)+30(0.4665) =$2.4 million

NPWA (3 oycles) =7.6 (1+ (P/F, 10%, 12)) =7.6 (1+0.3186) =$10.02 million

NPWB (5 cycies) =2.4 (1+(P/F,10%,8)+(P/F,10%,16))=2.4 (1+0.4665+0.2176)=$ 4.04 million

Selection Option A.
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Problem V. 8%

You are considering building a dam that has an initial construction cost of $10,000,000,
annual maintenance cost of $200,000 and renovation costs of $300,000 every 5 years.
Assume MARR=10% compounded yearly. Assuming that the service life is an infinite period,
calculate the Present Worth at year 0.

Solution

The $300,000 every 5 years are equivalent to a yearly payment of:
$300,000 (A/F, 10%, 5) =300,000 (0.1638) =$49,140 per year.
P=10,000,000+ (200,000+49,140)/ 0.1=12,491,400

Discussion

Alternative solution

The effective interest rate for a 5-year transaction period is:
5
i=(1+%) —1=61.0510%
1

P=10,000,000+200,000/0.1+300,000/0.61051=$ 12,491,392.
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