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UNIVERSITI SAINS MALAYSIA

First Semester Examination
2022/2023 Academic Session

February 2023

EPM 201 — Engineering Economy
(Ekonomi Kejuruteraan)

Duration: 2 hours
(Masa: 2 jam)

Please check that this examination paper consists of SEVEN (7) pages of printed

material before you begin the examination.

[Sila pastikan bahawa kertas peperiksaan ini mengandungi TUJUH (7) muka surat

yang bercetak sebelum anda memulakan peperiksaan ini.]
Instructions: Answer ALL FOUR (4) questions.

[Arahan: Jawab EMPAT (4) soalan]
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1. A facility engineer has been engaged to advise a company on how to best
proceed with the construction of a 100,000 sq. ft. area of warehouse for the
company expansion plan. Forthe next 10 years, it is estimated that only 60,000
sq. ft of area is required before the additional storage area is needed. Two
options were studied. The first option is to construct the whole 100,000 sq. ft
now. Second option is to build on two stages, 60,000 sq.ft now and the
additional 40,000 sq. ft of area could be construct 10 years later. Assume
interest rate is computed at 4% per annum. Estimated costs are presented in

Table Q1.
Table Q1
Descriotion Construction Cost | Annual Maintenance
p (RM) Cost (RM)
Option 1:
Full capacity now 36,400,000 100,000
100,000 sq.ft
Option 2:
In two stages:
1st stage: 60,000 sq.ft floor area 21,800,000 75,000
2" stage: Add 40,000 sq.ft of
capamty, additional construction 17,600,000 25,000
and maintenance costs

(a) List TWO (2) fundamental principles of engineering economy in making
decisions above.

(20 marks)
(b) Construct a cash flow diagram of both options.
(20 marks)
(c) Perform present worth (PW) analysis onto both options.
(40 marks)
(d) Decide which construction option is preferred.
(20 marks)
TS
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Your company has asked you to recommend a new machine. After months of
research, you have collected the following data, as presented in Table Q2 (a):

Table Q2 (a)

Data Alternative A Alternative B
Initial Cost RM202,000 RM285,000
Annual Benefit 73,000 88,000
Gradient Benefit (O first year, G
second year, 2G third year....etc) 1,200 1,300
égztual Maintenance & Operating 18,000 34.000
Gradient Maintenance & Operating
Cost (O first year, G second year, 2G 600 1100
third year....etc)
Salvage Value 42,000 48,000
Life, Years 6 9

Discussion with the accounting department reveals that a loan must be secured
to purchase any machine. The loan data to cover the initial cost are shown in

Table Q2 (b).
Table Q2 (b)
Data Alternative A Alternative B
5 —
Down Payment (% of Initial Cost 30% 30%
at Year 0)
Loan Period, Years 6 9
Annual Loan Payment (RM) 34,392.11 37,441.93

The loan payments will be made annually with 12% interest. Your company
assumes a Minimum Accepted Rate of Return (MARR) equal to 15%.

(@) Determine what is the rate you are going to use in comparing the

alternative.

(10 marks)

(b) Calculate the equivalent uniform annual worth (AW) for Alternative A.

(40 marks)

(c) Calculate the equivalent uniform annual worth (AW) for Alternative B.

(40 marks)

(d) Using the results from the equivalent uniform annual worth (AW) analysis
in 2 (b) and 2 (c), decide which alternative should be chosen.

(10 marks)
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Payback period is the length of time it takes to recover the cost of an
investment or the length of time an investor needs to reach a breakeven
point. Discuss THREE (3) weaknesses of this method.

(30 marks)

CC Sdn. Bhd. wants to purchase a new machine. The initial cost of the
machine is RM300,000. It has useful life of 5 years. The estimated salvage
value of the machine at the end of life is RM50,000. Calculate the annual
depreciation and book value of machine using Straight-Line (SL) method
and identify the ending book value for Year 4.

(40 marks)

There are four types of taxes commonly relates to engineering economy.
Discuss TWO (2) types and distinguish it with income taxes.

(30 marks)

Elaborate on TWO (2) types of life to be considered in replacement
analysis.

(30 marks)

Radar Sdn. Bhd. is considering three mutually exclusive alternatives for
implementing an automated passenger check-in counter at its new airport.
Each alternative meets the same service requirements but has differences
in capital investment amounts and benefits (cost savings) exist among
them. The study period is 10 years and the useful lives of all three
alternatives are also 10 years. If the company’s Minimum Acceptable Rate
of Return (MARR) is 10% per year, which alternative should be selected
based on data in Table Q4[b]. Use Future Worth (FW) analysis to choose
the best alternative.

Table Q4 (b)
I Il 1l
Capital Investment RM 390,000 | RM 920,000 RM 166,000
Value at end of Year 3 | RM 69,000 RM 167,000 RM 133,500
Market value (end of
. 0 0 0

useful life)

(70 marks)
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APPENDIX — Interest Factors for Discrete Compounding

Single Payment Equal Payment Series Gradient Series 4"}%
Compound  Present Compound  Sinking Present Capital Gradient Gradient
Amoumnt Worth Amoumnt Fund Worth Recowvery  Uniform Present
Factor Factor Factor Factor Factor Factor Series Worth
N ([FIRiN) (FIEEN)  (FIALN) (AFEN)  (PIALN)  (A/RLN]  [AJGAN)  [PAGIN) N
1 1.0400 09615 1.0000 1.0000 09615 1.0400 0.0000 0.0000 I
2 10816 09246 20400 0.4902 1.BRG] 05302 0.4902 0.9246 2
3 1.1248 (300 11216 03203 2.7751 03503 09733 27025 3
4 11680 DA54E 4. 2465 02355 16209 02755 14510 52670 4
5 12167 DE219 54163 01846 44518 03246 1.9216 85547 5
] 12653 07903 6.6330 01508 5.2421 01908 23857 12,5062 &
7 13150 07599 T.EDE3 01266 6.0021 01666 28433 17.0657 7
] 13686 07307 Q2142 01085 67327 L1485 32044 2121806 ]
] 14233 0.T026 10.5828 00945 7.4353 01345 37391 2178013 ]
10 14802 D&T56 12.0061 00833 1109 01233 4.1773 338314 10
11 15305 (6406 13,4864 0.0741 87605 o141 46000 403772 11
12 16010 06246 15.0258 0666 03851 01066 50343 472477 12
13 16651 6006 16.6268 0.0601 DOR5& 01001 545313 54.4546 13
14 1.7317 05775 182019 0.0547 10.5631 0oad7 58650 619618 14
15 18009 05553 20,0236 00490 1.1184 00899 6.2721 607355 15
14 1.8730 05330 21.8245 00458 11.6523 0.0858 66720 T1.7441 16
17 18470 05134 23,6875 022 121657 00822 1.0656 85.9581 17
18 20258 0.4936 25.6454 0.0390 12.6593 0070 7.4530 943498 18
19 21068 04746 2TATI2 00361 13.1339 0uoTal 7.8342 1028933 19
20 21911 04564 20.7781 00336 13.5003 00736 82091 1115647 20
21 22788 (4388 31.9662 00313 14.0292 o713 25779 1203414 21
22 23600 04220 34.2480 0.0292 14.4511 00692 2.0407 1292024 2
23 24647 04057 366179 00273 14.8568 00673 0.2973 1381284 23
24 25633 03901 300826 00256 15.2470 L0656 06470 1471012 24
25 26658 03751 41.6459 0.0240 15.6221 00640 0.0925 156.1040 25
26 21725 03607 4.3117 0.0226 15.0828 00626 103312 165.1212 26
27 28834 03468 47.0842 00212 163296 00612 106640 174.1385 27
28 29987 03335 40 9676 0.0200 16,6631 QL0600 109900 183.1424 28
20 31187 03207 520663 00188 16.9837 00589 113120 1921206 20
30 32434 03083 560849 00178 17.2920 00578 116274 10618 0
31 33731 02965 50.3283 00168 17.5885 00569 119371 009556 31
32 35081 02851 627015 00158 17.8736 00559 122411 218.7924 32
33 36484 02741 662005 00151 18.1476 00551 125394 1275634 33
34 3.7943 02636 608570 0.0143 18.4112 00543 128324 362607 34
35 39461 02534 7316512 00136 18.6646 00536 131198 244 BT6E i5
40 4 8010 02083 05.0255 00105 10,7928 00505 144765 2865303 40
45 58412 01712 121.0204 00083 20. 7200 0483 157047 3254028 45
50 7.1067 01407 1526671 010066 21.4822 00466 168122 0. 1638 50
55 56464 01157 191.1562 0052 2210846 00452 178070 303 6500 55
&0 105196 sl 237.9007 00042 126235 00442 186972 422 9966 &0
(5] 127987 DOTEL 204 9684 00034 13467 00434 194909 4492014 65
70 155716 Duad2 364.2005 0.0027 233045 00427 20,1961 472.4780 70
75 159453 MO528 448 6314 0.0022 13,6804 00422 208206 493 0408 75
80 230408 0434 551.2450 00018 230154 00418 213718 5101161
85 25.0d36 003s7 6760801 00015 24.1085 o415 21,8569 5269384 &5
an 341193 00293 8279833 00012 24.2673 00412 227826 540.7360 1]
a5 415114 00241 10127846 0.0010 24.3078 o410 22,6550 552.7307 k]
100 505049 QD198 1237.6237 00008 24.5050 00403 229800 5631240 100
..6/-
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Single Payment Equal Payment Serias Gradient Series
Compound Present Compound  Sinking Prasent Capital Gradient  Gradient
Amount Worth Amount Fund Worth Recovery  Uniform Present
Factor Factor Factor Factor Factor Factor Series Worth
(FIRLN) {P/Ri,N) (FIALN) (AR (PIALN)  [A/RIN)  [AIGEN]  (PIGLN)

1.1200 0.3929 10000 1.0000 0.8929 1.1200 (0. 00D 000
1.2544 0.7972 21200 04717 1.6901 0.5917 04717 0.7972
1.4049 07118 33744 0.2063 24018 04163 0.9246 22208
1.5735 0.6353 47793 0.2002 3.0373 03292 1.3589 41273
1.7623 0.5674 63528 0.1574 36048 02774 1.7746 63970
1.9738 0.5066 81152 0.1232 41114 0.2432 21720 9302
22107 0.4523 10,0890 0.0991 4 5638 02191 15513 11.6443
24760 0.403% 12.2997 0.0813 40676 0.2013 29131 144714
27731 0.3606 14.7757 00677 5.3282 01877 31574 173563
31058 0.3220 17.5487 0.0570 5.6502 01770 35847 10.2541
34785 0.2875 206346 0.0484 50377 0.1684 33053 231738
38060 0.2567 24.1331 00414 61944 01614 4.1897 259523
43635 0.2202 28.0201 0.0357 64235 0.1557 4 4683 28.7024

4 8871 0.2046 32.3026 0.0309 5.6282 0.1509 47317 31.3624
54736 0.1827 37.2797 0.0268 68100 0.146% 49803 339202
61304 01631 427533 0.0234 69740 0.1434 52147 363670
68660 0.1456 48 8837 0.0205 7.1196 0.1403 54353 38,6073
T.6000 0.1300 55.7497 0.0179 7.2497 0.1379 5.6427 40,9080
B6I128 0.1161 63.4397 0.0158 73658 0.1358 58373 42 9979
06463 0.1037 72.0524 0.0139 7 4604 0.1339 6.0202 44 9676
10,8038 0.0926 81.6087 0.0122 7.5620 0.1322 6.1913 468138
12,1003 0.0826 92 5026 0.0108 76446 0.1308 63514 485543
13.5523 0.0738 104.6029 0.0096 77184 0.1296 65010 50.1776
15.1784 00659 118.1552 0.00835 77843 0.1285 66406 51.6929
17.0001 0.0588 133.3339 0.0075 7.8431 0.1275 6.TT08 53,1046
19.0401 0.0525 1503339 0.0067 7.8957 01267 6.8921 544177
21.3249 00469 1693740 0.0059 70426 0.1259 T.0049 556360
23,8839 00419 1906089 0.0052 70844 0.1252 T7.1008% 56.7674
26.7499 0.0374 2145828 0.0047 B.0218 0.1247 7.2071 578141
209509 0.0334 2413327 0.0041 8.0552 0.1241 72974 58.7821
335551 0.0208 271.2926 0.0037 B.0850 0.1237 T.3811 506761
37.5817 0.0266 304 8477 0.0033 B1116 0.1233 74586 60.5010
42.0015 0.0238 347 4704 0.0029 B.1354 0.1229 7.5302 61.2612
47.1425 0.0212 84,5210 0.0026 5.1566 0.1226 75963 619612
52.7996 00189 431.6635 0.0023 B.1753 0.1223 THSTT 62.6052
93.0510 0.0107 T67.00914 0.0013 52438 0.1213 73088 65.1159
1639876 0.0061 13582300 0.0007 82825 0.1207 80572 66.7342
2890022 0.0035 2400.0182 00004 B.30435 0.1204 8.1597 67.7624
5093206 0.0020 4236.0050 0.0002 B.3170 0.1202 81251 68 4082
EOT 5060 0.0011 T471.6411 0.0001 B.3240 0.1201 §.2664 GEE1D0
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Single Payment Equal Payment Series Gradient Series
Compound  Present Compound Sinking Prasent Capital Gradient Gradient
Amount Worth Amount Fund Worth Recovery  Uniform Presant
Factor Factor Factor Factor Factor Factor Saries Worth
(FIRLN) (P/ELN) (FIALN) (A/FiN)  (PIAALN)  (A/RLN)  (A/GIN])  (P/GiN)
1.1500 08696 10000 1.0000 0.8696 1.1500 00000 0.0000
1.3225 0.7561 2.1500 04651 1.6257 06151 04651 0.7561
1.5209 0.6575 34725 02880 22832 04380 0.9071 20712
1.7490 0.5718 40934 02003 28550 03503 1.3263 3.7864
20114 04972 6.7424 01483 313512 0.2983 1.7228 5.7751
23131 04323 8.7537 0.1142 3.7845 02642 20472 T.9368
26600 03759 110668 0.0904 4.1604 0.2404 24498 101924
3.0590 03260 13.7268 00729 44873 02229 27813 12,4807
35179 0.2843 16.7858 0.05%4 47716 02096 30922 14.7548
4.0456 0.2472 20.3037 0.0493 50188 01993 3.3832 169793
46524 0.2149 24.3493 0.0411 512337 01911 3.6549 19.1289
5.3503 01860 200017 0.0345 54206 01845 3.0082 21.1849
6.1528 01625 343519 0.0291 55831 01791 41438 231352
7.0757 01413 40.5047 0.0247 5.7245 01747 43624 24 9725
51371 01229 47.5804 0.0210 58474 01710 4.5650 266930
93576 01069 557175 00179 59542 01679 47522 287960
10.7613 00929 65.0751 0.0154 60472 01654 49251 207828
12.3755 00808 75.8364 0.0132 6.1280 01632 5.0843 311565
14.2318 0.0703 ER.2118 00113 6.1982 01613 5.2307 324213
163665 006l 102 4436 0.0098 6.2593 01598 5.3651 331.5822
18.8215 0.0531 118.8101 0.0084 63125 01584 54883 346448
21.6447 00462 1376316 0.0073 63587 01573 36010 336150
24 8915 00402 1592764 0.0063 63088 01563 5.7040 364988
28.6252 00349 184.1678 0.0054 64338 01554 3.7979 37.3023
32.9190 00304 212.7930 0.0047 64641 01547 58834 350314
378568 00264 M57120 0.0041 6.4906 01541 59612 386018
435353 00230 183 5688 0.0035 65135 01535 £.0319 30.2890
30.0656 0.0200 327.1041 0.0031 65335 0.1531 £.0060 398283
57.5755 00174 377.1697 0.0027 6.5500 01527 61541 403146
662118 0.0151 434.7451 0.0023 6.5660 01523 62066 40.7526
T6.1435 00131 500.9560 0.0020 65791 01520 £.2541 41.1466
B7.5651 00114 577.1005 0.0017 6.5905 01517 £.2970 41.5006
100.6998 00099 6646655 0.0015 6.60035 01515 £.3357 418184
115.8048 00086 T65.3654 0.0013 6.6091 01513 63705 42,1033
133.1755 0.0N75 EEL.1702 0.0011 66166 01511 64019 423586
2678635 00037 1779.0003 0.0006 66418 01506 £.5168 433830
538.7693 00019 35851285 0.0003 6.6543 01503 £.3830 43,8051
1083.6574 00009 7217.7163 0.0001 6.6605 01501 £.6205 4410958
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