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. a) The total capital investment for a chemical plant is $1,500,000 , and the plant produces 3
million kg of product annually. The selling price of the product is $0.82/kg. Working
capital amounts to 15 percent of the total capital investment. The investment is from the
company funds, and no interest is charged. Delivered raw materials costs for the product
are $0.09/kg; labor, $0.08/kg; utilities, $0.05 /kg; and packaging, $0.008/kg. Distribution
costs are 5 percent of sales revenue. Estimate the following:

a.1) Manufacturing cost per kilogram of product
a.2) Total product cost per year
a.3)} Profit per kilogram of product before taxes
Note: { 10 marks )
Manufacturing cost = Direct production costs + fixed charges + plant-overhead costs
Fixed charges = 10% of fixed-capital investment
Plant-overhead costs = 70% of cost for labor
Total product costs = manufacturing costs + general expenses
General expenses = 15% of cost for labor + distribution cost + R&D costs
R&D costs = 5% of sales revenue

b) Two types of pump are being considered for purchase, A (carbon steel) and B(alloy).

Cost estimates for the two types are given in the table below. The company policy has

been set to use 10% rate of return. Determine which pump type is more economical?

Pump type A B

Purchased cost, $ 19,000 27,000
Annual maintenance costs, $ 4,000 2,800
Salvage value, § 500 1,500
Service life, years 2 3

( 10 marks)

¢) Explain the meaning of “mutually exclusive projects”. Give one example of such project.

{ 5 marks)



A proposed chemical plant is to be built for two years before it can operate at full
capacity. The fixed-capital costs are $10 million for the first year and $15 million for the
second year. A working capital investment of $6 million is needed at the time when the
plant starts operation. The estimated useful life of the plant is 9 years of production.
Salvage value of the plant is $500,000.

The plant begins operation at the third year of the project at 100% capacity. The
estimated annual sales revenue and production costs are given below. The depreciation is
a MACRS schedule for 8 years as follows: 14.29%, 24,49%, 17.49%, 12.49%, 8.93%,
8.92%, 8.93% and 4.46%. The income tax rate is 35%.

Operating year Annual sales revenue Production costs
($ million) ($ million)
1 7.00 4.00
2 16.00 5.60
3 15.00 6.80
4 20,00 7.80
5 22.50 8.80
6 24.00 9.60
7 25.00 10.00
8 27.00 11.00
9 29.0 12.50

Write after-tax cashflow for 9-year production.
Calculate the NPV of the project at 12% interest rate.

Calculate the %IRR of the project.

(20 marks)



3. Consider a condenser in which heat must be removed from a condensing vapor at a given
rate designated by q kI/h by using cooling water. The vapor condenses at a constant
temperature of t * or T o, °c, and cooling water is supplied at a temperature of thC.
The following additional notation applies:

m = flow rate of cooling water, kg/h

¢, = heat capacity of cooling water, kJ/(kg.K)

t’ or Tegyp = condensation temperature of vapor, °c

t, = inlet temperature of cooling water to condenser,°C

t, = temperature of cooling water leaving condenser, °c

U = constant overall coefficient of heat transfer determined at optimum conditions,
kJ/(m’ 5.K)

A = area of heat transfer, m’

At,m = log-mean temperature-difference driving force over condenser, °c

H_ = hours the condenser is operated per year, h/year

C, = cooling-water cost assumed as directly proportional to amount of water supplied,
$/ky

C, = installed cost of heat exchanger per square foot of heat-transfer area, $/m

K; = annual fixed charges including maintenance, expressed as a fraction of initial cost
for completely installed equipment

The rate of heat transfer as kJ per second can be expressed as

UA(t, -t,)

= t, -t )=UAAt,_= 1
a=me, (G -4) "SI0 (-1 -, W
Solving for m,
q
= (2)
c, (t,-t,)

The design conditions set the values of q and t, and the heat capacity of water may
ordinarily be approximated as 4.2 kJ/(kg.K). Therefore, Eq. (2} shows that the flow rate of
the cooling water is fixed if the temperature of the water leaving the condenser (t,) is fixed.

Under these conditions, the optimum flow rate of cooling water can be found directly from

the optimum value of t,.



The optimum cooling-water rate occurs when the total annual cost is 2 minimum.

Thus, the following equation is obtained:

t' -t t'-t,, UH,C,
—L 42 = (3}
t'-t t'-t, Kg,C,

2, opt

A condenser for a distillation unit must be designed to condense 3000 kg of vapor per
hour. The effective condensation temperature for the vapor is 80°C. The heat of
condensation for the vapor is 500 kJ/kg. Cooling water is available at 21°C. The cost of
the cooling water is $2.8 per 100 m’. The overall heat-transfer coefficient at the optimum
conditions may be taken as 0.3 kJ/(mz.s.K). The cost for the installed heat exchanger is
$400 per square meter of heat-transfer area, and annual fixed charges including
maintenance are 20 percent of the initial investment. The heat capacity of the water may be
assumed to be constant at 4.2 kJ/(kg.K). If the condenser is to operate 6000 h/yr, determine

the cooling-water flow rate in kilograms per hour for optimum economic conditions.

(15 marks)

Answer to Question 3



4. a) A carbon steel sieve-tray distillation column with 10 trays operated at an average pressure
of 400 mmHg, and average temperature of 2800C, and a reflux ratio of 8:1 is used to
separate biphenyl from a feed mixture. The top product contains 98 mole percent of

biphenyl. The distillate product rate is 0.12 kg mol/s. Physical properties at top of the

column are:

P, = 60kg/m’

P, = 720 kg/m’
Molecular weight for biphenyl vapor = 154.2
Surface tension of liquid = 20 dyne/em
Foaming factor = 0.9 and A|/A > 0.1

Calculate column diameter at top of column.

( 20 marks)
Note:
L/V =RAR+1), V=D(R+1), R = reflux ratio, D= distillate rate, kg mol/s
L andV = liquid and vapor tlow rate, kg mol/s
112
flooding velocity V,=C [M] - (1)
Py

where V.= net vapour (gas) velocity at flooding, m/s
C = capacity parameter of Souders and Brown

Fair gave a plot of C, in the form C_ = f (tray spacing, F,)

05

L

where F , = (—j ['D—VJ Both L are V are in kg mol/s
\FAVY

F,y is callled “kinetic energy ratio”

C,, is Souders and Brown factor

11
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Clarne for estimating values of €, (4210 percenty in Eq. (1571, iAdupted from
LB baus Petro/Chem. Eng.  33(10): 45 (196 1) with perniission. )

value of C in equation (1) can be calculated from C,
C=F,F.F,,C, - 2)
Tay g, = surface tension factor = (G/20)"
F. = foaming factor { = 1.0 for nonfoaming systems )
Fy. = hole area factor = 1.0 for A/A > 0.10
A, = vapour hole area, m’
C,, = Souders and Brown factor at flood conditions, m/s
O = liquid surface tension, dynes/cm
from the value of C_, obtained from the plot, it is used to find C from equation (2)

and then find V_ from equation (1)

12



Column diameter can be calculated from
05

4VM,,

- (3)
A,
OBSVﬁE(LIIJpV

column diameter, D =

where M, = molecular weight of vapor

and A =total column cross-sectional area

zD?

A= Or D= (4A9"

A = area of one downcomer

Oliver suggested that A /A can be estimated from the value of F |, as follow

AJA=0.1 when F,,, < 0.1
F,-0.1

A/A=0.1 +% when 0.1 <F, < 1.0

AJA=0.2 when F,,, 2 1.0

b) If the column in part a) has tray spacing of 0.61 m estimate the column height. Explain how

you would estimate the cost of this column if cost curves are available,

{ 5 marks)

----- ---- -----  End of Examination Questions
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APPENDIX A
APPENDIX A

Appendix A 10% Interest Rate Factors

Appendix A 8% Isterest Rate Factors

B Single Payment Equal-Payment Series

———

. Single Payment Equal-Payment Series Uniform
Uniform Compound  Present- Compound  Sinking- Present- Capital Gradient
Compound  Present- Compound  Sinking- Present- Capital Gradiem Amount Worth © Amount Fund Worth Recovery Series
Amount Worth Amount Fend Worth m‘y Series Factor, Factor, Factor, Factor, Factor, Factor, Eactor,
Factor, Factor, Eactor, Eactor, Factor,  ~ Factor,  Factor, N (BBANY (PIEAN) (FALN) (AELN)  (PIALN) (WPAN) (MG i
N _ (FIR4N) (PIELN) (FIALN) (ARLN) (PIALN) (UBLN) (WG N
1 1.10000 |  0.9090909 1.60000 1.0000000 |  ©.9090909 | 1.1000000 |  0.000000g
1 1.08000 |  0.925925% | 1.00000 |  1.0000000 | 0.9259259 | 1.0600000 |  ©.00O0GGOG 2 | 1.21000 | 0.B264453 2.10000 0.4761905 |  1.735S372 | 05761905 |  0.4Tato08
2 | 116660 |  0.8573388 | 2.08000 0.4807692 |  1.TE32847 0.5607692 |  0.4807692 3| 1.33100 | 0.7513148 33000 [ 0.3021048 | 2.4858520 | 0.4021143 | 0.93s%550
3| 1.2597 | o.maeszz | 3.26640 0.3080335 |  2.5770970 0.3850335 0.%8732 4 | 1.46610 | 06830135 | 4.64100 0.2154708 |  3.1696654 | 03134708 | 1381157
4 | 136069 | 0.735029% | £.50611 0.2219208 |  3.3121248 0.3019208 1.403¢59g 5 | 1.61051 | o.s209213 | 6.10510 01637975 | 3.T90TME | 0.2379TS | 1.101260
s | 1.46933 |  0.e805832 | 5.86540 0.1704565 |  3.9927100 0.2504565 1848715 s | 1.77156 | 05644739 | TS | 0.1296076 | 4.3552607 | 0.2296074 | 2.223%572
6 | 1.58687 | 06301596 | 7.33593 0.1363154 |  4.82287%7 0.2153154 22763480 7 | 1.4872 0.5131581 f.48717 0.1054055 |  4.8684188 | 0.2054055 |  2.8218150
7| 171382 | 0.5834904 | 8.92280 01120724 |  5.2063701 0.1920724 269348409 2.14359 0.4865074 11.43509 0.0074440 |  5.3349262 | 01874440 | 3.006478s
s | 1,85093 | 0.540268¢ | 1063463 0.0M0148 |  5.7448389 .|  0.1740158 3.008523% L 23579 04200076 1357948 0.0734505 |  5.7590238 | 0.173&605 | 3.37zses
9 | 1.99900 | 0.50024%0 | 1248756 |  0.0000797 |  &.2458079 0.1600797 349037 10 2.3937% 0.3855433 1593742 0.0627456 | 6.16456Tt | 0.1827454 |- 3.7254805
w | 2.15092 | 0.4631935 | 14.40656 | 0.0690295 |  6.7100814 0.1490295 3w " | 2.85312 0.3504939 105317 0.0539631 |  5.4950610 |  0.1559631 |  4.06405s4
" | 253186 | .4208829 | 18.64549 0.0600763 |  7.1389643 0.1400763 &, 39503 2 3.13843 0.3184308 21,3 0.0467633 |  6.5136M18 | 01667435 | 4.3msi0a;
12 ) 2.51817 | o.wruse | 1897713 0.0526950 | 7.5340780 | 0.1326950 £.59577s 13 3.45227 0.2896544 a5 0.0407785 |  7.1033562 | 00407785 |  4.6987919
3 | 2782 | 0.3%781 | 21.495%C 0.0465218 | T.9037TS? | 0.1285218 4.9402087 1% 3.79750 0.2433313 27.97498 0.0357462 |  T.3648875 | 0.135T482 | &.9vs5am7
1% ) 2.93719 | 0.3404410 | 2. 21492 0.0412068 | B.2442370 | 0.12929%9 | 5.27050m 15 4TS | 0.2393920 | B1.77248 | O0.03WT3E | T.4060705 | 01304738 | 52780338
15 | 347217 | e.315217 | 2715211 0.0368295 |  B.55WTBY | 0.116829% | 5.59%44s03 1% &.5%9T | o.217629t | 35.%4973 | 0.027BVe4 | T.E237B6 | 0.1278166 | 5.5493%407
16 | 3.425% | o.29me08 | 30,3228 00320750 |  8.A513802 | 0.1129789 | 5.90462% 17 5. 05847 0.1978447 £0,54470 0.0266841 | . 8.0215533 | 0.1268641 |  5.8070972
17| 3.70002 | o.2702eR0 | 33.75023 0.0208204 | 9.1214381 | 0.70%62% | 5.2037458 18 5.55992 0.1798588 4559917 0.0219302 | 8.2014121 | 0.1219%02 |  6.0525600
LI 399602 | 0.2502490 | 37.4502¢ 0.0247021 |  9.3TIAR7Y | 0.108702) |  6.4vZoam 1L 6.115¢1 0. 1435080 St. 13909 00195660 | 8.3649201 | 0.119469 | 4.2060050
w | 43157 | 0.zt | 41.44628 0.0241276 |  9.6035992 | D.I0M1276 | 6.76v68ss 20 4. 2730 0.1485434 57.27300 0.0174596 |  B8.5135637 | Q174596 |  &.50807S0
20 | 40096 | 0.2145482 | 45.76198 0028522 | 9.818%74 | 0018522 | T.036%mm 21 | 7.40025 "0.1351308 | &4.00250 0.0156246 |  B.6486%3 |  0.11562¢6 |  &.718878%
2 | $.05383 | 0.1904557 | 50.42292 |  0.0198323 | 10.0168032 | 0.0996323 | 7.240343 2 | 814027 | G.1228480 | T1.40275 0.014005 B.7715403 | 0.1140051 | &.91888s2
2 | $.43654 | 0.1839405 | 55.45676 |  0.0088321 | 10.2007437 | o0.0980321 | 7.%411832 = | a.95430 | c.ameme | 79.54302 0.0125718 a.8a3218 | 0.1125T18 | 7.108431
= | .07 | 0.9703153 | 60.89330 | 0.0164222 | 10.37W058% | 0.0964222 | 7.77TM6284 % | 9.88735 | 0.10152%6 | 8449733 0.0112998 B.9847440 | 0.11%2998 | T.2m805%7
F 6.34918 | 0.1574993 | 66.76476 |  0.01P7B0 | 10.5287583 |  O.0W9TBO 8.0068115 s | 1083471 | 0092290 | 96, 34706 0.0101581 90770600 | O0.VI08N | 7.4575620
& | 6.84848 | 0.1650179 T3.0059% | 0.0136788 | 10.6747762 | 0.0936783 8.2253815 2 | 1.91818 | 0.0839055 | 109.18177 0.0091590 9.160%55 | 0.10915% | 75618500
2 | 7.39635 | o0.1352018 T9.95842 | 0.0125071 | 10.8099780 | 0.0925071 2.4351838 7 13,9099 | 0.0762777 | 121.099%4 |  0.008237% 9.2372232 | 0.1082576 | T.7TOA36&
a7 | 7.90806 | 0.1251843 87.33077 0.0116481. | 10.9351648 |  0.0914481 8.436267% n | U.42099 | 0.D6T3RIS | 134.2009 | 0.0074310 9.3065585 | 0.107:510 | 7.91371&3
x| 86271 | o0.v1IST 9533803 0.0104880 | 11.0510785 | 0.0904889 3.82888% ® | 15.86300 |  0.063039% 148.63093 | D.006728Y |  9.369605% | 0.1067281 |  8.0480583
® | eTRT | 01075275 | 103.9859%% 0.0096185 | 111384060 | 0.0896185 9.0132810 30 | 17.449%60 |  ©0.0573085 164 . 49402 0.0060792 |  9.4269145 | 0.1060792 | 8.1762255
30 | 1006266 | 0.0093773 | 1132831 | 0.008R7% | 11.25TTEE3 | 008887 | 9IS 3 191434 [ 0.0520087 18196342 0.0054962 S4TII3Z | 00054962 [ 8.2961737
5 | 10.86767 |  0.0920180 125.34587 | 0.00B1075 | 11.34979% |  0.0881073 9.358427% 2 2t.11378 0.0673624 2013717 0.0049717 9.5263756 | 01049717 | 8.4090507
2 | 11.73708 |  0.0852000 34.21354 0.0074508 | 11.43499% | 0.0874508 9.5196747 i B.2515 0.0430548 222.25154 0. 0044994 9.56M326 | 01044004 | B.515195¢
3 | 12.67605 |  0.07T88B8% 14595062 00068516 | 11.5138884 | 0.0848516 96737018 3 | 25.54767 0.0391425 245.47870 0.0040737 |  9.5085749 | 0.04073T | 3.414939¢
3% | 13.69013 | 0.0730453 158. 62667 0.0063041 | 11.5859337 | 0.0843041 | 9.8207532 35 28.10244 00355841 271.02437 0.0035857 9.4441590 |  0.1036897 |  8.7086032
35 | W TBSME | 0.0876345 172. 31680 0.0050033 |  11.6545682 0.0858033 2.9610718 36 30.91268 0.0323492 | Zv.12681 | 0.0033431 9.6745082 | 0.1033431 |  E.79EA9T0
% | 1596817 | 0.0626248 167. 10218 0.0053447 1n.nrnezs 0.0853447 100948967 37 3400395 0.0294083 130.0349 ©.003029% 97050165 | 0.1030299 | s.B7E9220
7| 17.24563 | 0.0579e57 203.07032 0.0049244 n. 7 0.0849244 102226638 3 37.40434 0.0267347 344 04343 0.0027469 |  9.732651& | 0.102746% |  B.9551685
3| 18.62528 |  0.0536905 220.31595 0.0045389 11.5288590 0.0845389 10. 3440053 » 4114478 0.0243044 401.447T0 0.0026910 9.7560558 | 0.W04910 | 9.0288182
» | 20.11530 | 0.049M% 23894122 | 0.0041851 11.8785824 0.0841851 104597493 %0 45, 25926 0.0220949 “M2.59256 | 0.002259 .7790507 | 0.10225%4 | V.0082342
&0 | 21,7452 | 0.0460309 259.05452 |  0.0038502 11.92¢44133 0.0838402 105699192 42 54. 76370 0.0%82603 | 537.6359% 0.0018500 9.8173973 | 0.101800 | 9.2188038
2 | 53398 | 0.039%6s41 | 30424352 | 0.0032888 “12.0066987 0.0832868 107744004 ] 97,0078 0.0003074 | 9401724 0.0010415 |  9.896925% | 0.1010415 |  9.5000097
s | 40.21057 | 0.0248891 | 490.93216 |  0.0020403 12, 1091345 0.0820403 11.2758404 50 17.39085 | 0.0085186 |  1163.90853 0.0006592 9.9%8145 |  D.1008592 | 9.5704130
0 | 4690161 | 0.0213212 | STR.IMNS | D.00ITAY 12. 2334846 0.0817429 1410713 50 30468164 | 0.0032843 |  3034.81640 0.0003205 99671573 | 0.1003295 | 9.BOZ2WS
60 | 101.25706 | 0.0098759 | 1253.21330 | 0.000M979 12.3765518 0.0807979 119015384 70 | TO.TN6 | 0.0012662 |  7BST.46937 0.0001268 9.9873377 | 0.10m268 | 9.9112516
O] 2W8.60641 | 0.00457%k | 2720.00007 |  0.0003876 | 12.4420196 |  0.080367% 12.178318 T2 | 95559382 | 0.0010485 | 9545.93818 |  0.0001048 9.9695353 | 0.1001048 |  9.9245753
Te | 5498251 | 0,0035218 | 3474.TBVD | 0.0003150 | 12.4509770 |  0.0803150 12.2185159 5 | 127.89537 | 0.0007862 | 12708.9537% |  0.0000787 9.9921377 | 0.1000787 |  9.9409855
TS | 3.20453 | 0.0031133 |  4002.35662 |  0.0002498 | 12.4610840 |  0.0802498 12, 2657047 80 | 2048.4002%1 |  0.0004832 | 20474.002t3 |  ©.0000488 9.9051181 | 0.1000s88 |  9.9609261
20 | 4719583 | 0.0021188 | 5886.93%43 |  0.0001699 | 12473504 | 0.0001690 | 12.330133 90 | 5313.02261 | D.000WSEZ | 33120.22612 | 0.0000188 | 9.998U78 | 0.100188 | 9.9630573
90 | 101891508 |  0.0009814 | t2723.93862 |  0.0000786 | 12.4877320 | 0.0800786 | 12.4113840 100 | 13780.692%4 |  0.0000728 | 137796.92340 |  0.0000073 |  9.999273 | 0.1000073 | 9.992749
00 | 219976026 |  0.0004546 | 274B4.51570 |  0.000034% |  12.4963178 |  0.080036% | 12.434510€
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