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Student Name: ......oovviiiiiiiiiiiiiinnne. Code @ oo,

1. a) The purchased cost of equipment for a solid processing plant is § 1 million. The plant is tc
be constructed as an addition to an existing plant. Estimate the total capital investment
the fixed capital investment, buildings, the cost of engineering and supervision and the
contractor’s fee. Use information provided on data sheet Table 1 at the end of this exan

paper.
( 5 marks)

b) A distillation tower contains 18 steel bubble-cap trays. A 0.46 m (18 in.) manhole is
located above each tray, and one manhole is located below the bottom tray. The ID of th::

tower is 2 m, and the total height including the skirt is 15 m. The shell is steel (density =
5 . .
7833 kg/ms) with a 0.0318 m (Z in,) wall thickness. Six 0.0254 m (1-in.) couplings and

the following flanged nozzles are attached to the tower: one 0.254 m (10-in.) vapor-line
nozzle; three 0.1016 m (4-in.) nozzles; and six 0.0508 m (2-in.) nozzles. On the basis of
the data presented in Fig, 1, Fig. 2, and Fig,. 3, estimate the cost of the tower with trays
installed, but not including cost for auxiliaries or tower installation for year 2008. The
total weight of the shell, including heads and skirt, may be assumed to be 1.12 times the
weight of the cylindrical shell. Material of construction is carbon steel. Use the provide:.
data sheet figure 1 to figure 4 to estimate the cost of this bubble-cap tower.

Marshall and Swift equipment cost indexes are 1104 and 1390 for years 2002 and 2008
respectively.

( 10 marks)
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Answer to Question 1 (continued)



2. a)

b)

c)

d)

Student Name: .....covvvnviinninninnrnnneen. Code :

Two heat exchangers are being considered for installation in a chemical plant. It is

projected that:

Heat exchanger type A B
Installed cost, $ 30,000 16,000
Annual maintenance cost, $ 1,600 2,400
Salvage value, § ? 1,000
Service life, years 5 3

The effective annual interest rate is 10%. Determine the salvage value for heat exchange:
type A when the two types are competitive.
Students may use any methods they prefer for the calculation. For capitalized cost

method, the following equations may be useful.

_ Cr
R D
where K = capitalized cost
C, = original cost of equipment
C, = replacement cost = C,, — salvage value
n = year
i = interest rate

( 10 marks)
Explain the structure of decision tree method for decision making in plant design.
Explain how to solve for the decision solution.

(‘5 marks)
In a plant producing concentrate sugar solution from dilute feed, suggest how you woul d
determine the optimum cost of an evaporator used in the process.

( 5 marks)
Suggest some considerations for plant design so that the plant will be inherently safe.

( 5 marks)
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A proposed chemical plant is to be built for four years. After completion the plant is
projected to operate at 70%, 80% and 90% of design capacity during the first, second and
third operating years, respectively. It will operate at full capacity on the fourth year after
completion and there after. The fixed-capital costs are $170 millions. A working capital
investment of $ 60 millions is needed just before startup. The investing company has its
own money and does not need to borrow from a bank.
The project schedule is as follows.
End of year 0 1 2 3 4 5 6 7-18
% construction 10 20 40 30
% production capacity - - - 70 80 90 100
The full production capacity is 100,000 ton/year at total product cost of $ 90
millions. The product selling price is $ 1,400 per ton. Use the MACRS depreciation
schedule for a class life of 5 years (6-year time span) as follows: 20.00%, 32.00%,
19.20%, 11.52%, 11.52% and 5.76%. The income tax rate is 32%.
Write after-tax cash flow for 15-year production.
Calculate the NPV of the project at 10% interest rate.
Calculate the %IRR of the project.
Interest Tables are provided at the end of this examination paper.

(20 marks)
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A carbon steel sieve-tray distillation column with 20 trays operated at an average
pressure of 111.7 kPa, and average temperature of 105°C is used to separate
methylcyclohexane as top product from an azeotropic feed mixture consisting of
methylcyclohexane, toluene and phenol. The top product contains 97.26 mole percent
methylcyclohexane. Tray spacing for the column is 0.61 m. Physical properties at top of

the column are:

vapour density, Py= 3.7 kg/m3
liquid density, P, =696.7  kg/m’
vapour flow rate, vV =0.23 kmol/s
liquid flow rate, L =0.20 kmol/s

Molecular weight for vapor mixture = 98.02
Surface tension of liquid mixture = 14.93 dynes/cm
Foaming factor = 0.9 and A,/A, > 0.1

Calculate column diameter at top of column.

( 20 marks)
Note:
L/V =R/R+1), V=D(R+1), R = reflux ratio, D= distillate rate, kg mol/s
1n
flooding velocity V, =C (Mj —- (1)
Pv

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[ py :
where Fj,, =| — || — ,both L and V are in kmol/s
VJ\pL

F,, is callled “kinetic energy ratio”

C,, is Souders and Brown factor
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Chart vfor estimating values of C,, (=10 percent) in Eq. (15-7). |Adapted f.om
SR Fuair, Petro/Chem. Eng., 33(10): 45 (1961) with pernission. |

value of C in equation (1) can be calculated from C,
C=FgF.F,C, - 2

Tay  Fg, = surface tension factor = (G120)”

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)
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Column diameter can be calculated from
05

4VM,

—(3)
A,
0.85V, ﬂ(l-—A Jpv

column diameter, D =

where M, = molecular weight of vapor

and A = total column cross-sectional area

7 D?

A= or D= (4A/1|)°'5

A, = area of one downcomer

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

AJA=0.1 when F,, £ 0.1
F,-0.1

AJA=0.1 +£L90——)— when 0.1 <F, < 1.0

AJA=02 when F , 2 1.0

End of Examination Questions
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Answer to Question 4
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Answer to Question 4 (continued)

End of last page.
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Data Sheet

Table 1. Percent of delivered-equipment cost for processing plant

Values presented are for major process pfant addition to an existing site with land ownership and fi; ed-capita!

investments 1 to over 100 million$

Percent of delivered-equipment ost for
Solid Solid-fluid Fluid
Item processing processing | rocessing
plant plant plant
Direct costs
Purchased equipment-delivered (including fabricated
equipment and process machinery) 100 100 100
Purchased-equipment installation 45 39 47
Instrumentation and controls (installed) 18 26 36
Piping (installed) 16 31 68
Electrical (installed) 10 10 11
Buildings (including services) 25 29 18
Yard improvements 15 12 10
Service facilities (installed) 40 55 70
Land (if already available with present ownership) 0 0 0
Total direct plant cost 269 302 360
Indirect costs
Engineering and supervision 33 32 33
Construction expenses 39 34 41
Legal expenses 4 4 4
Contractor's fee 17 19 22
Contingency 35 37 44
Total indirect plant cost 128 126 144
Fixed-capital investment 397 428 504
Working capital (about 15% of total capital investment) 70 75 89
Total capital investment 467 503 593
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Figure 1 - )
Purchased cost of columns and towers. Costs are for shell with two heads and
skirt, but without trays, packing, or connections.
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Figure 2

Purchased cost of vertical columns. Price does not include trays, packing, or connectio1s.
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Installed cost of steel column connections. Values apply to 136-kg (300-Ib)

connections. Multiply costs by 0.9 for 68-kg (150-1b) connections and by 1.2 for
272-kg (600-1b) connections.
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Figure 4

Purchased cost of trays in tray columns. Price includes tray deck, bubble caps,
risers, downcomers, and structural-steel parts.
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Appendix A  10% Interest Rale Factors

Single Payment Equal-Payment Series Uniform
Compound  Present- Compound  Sinking- Present- Capital Gradient
Amount Worth Amount Fund Worth Recovery Series
Factor, Factor, Factor, Factor, Factor, Factor, Factor,
N R LN (PELN) (A LN WEIN)  (PALN) (WELN) (WG4 )
1 110000 | 0.909090% | 160000 | T.0000000 | 0.5090909 | 1.1000000 | 0.0000000
2 1.21006 | 0.8264483 | 290000 ] 0.4761905 | LTISSIFR | 0.5T61905 | 04761905
3 | 133100 | 0.7se3NeE ) 3.33000 | 03021368 | 2.4868520 | 0.4021148 | 0.9385552
i 146610 | 0.683013% | 4.64100 ] 0.2154708 | 3.1s9865k | 03134708 | 138179
5 181051 | B.e2OSRYR | £.10510 | 01837975 | L7OTAMR | 0.2637975 | 1.8101240
& | L7756 1 o563 | FNS6T | 0.Y20807% | 43552607 | 0.229€074 | 22235572
? L4872 | o51sey | P4ETYT | 0.1054055 | 4.B6BL1BE | 02054055 | 2.8216350
& | 2.1435% ] 0.48e507% | 11,4358 | 0.0874840 | 5.3349262 | 0.1874440 | 3.0044786
(28| 2.3575 | Duazeovrs | 13.57968 1 0076405 | 57590238 | o173l | N.372MSTS
L 25937 | 03855413 | 5.93762 | 0.0627%54 | 6.1eAS67T1 | 0.9627R54 |- 3.7254608
11 | 2.85312 | 03504839 | 5317 | D.0539631 | 64950610 | 0.1539631 | 4.0640544
2 | 3.13%4% | o.31ms3o | 21,3428 | D.0467833 | S.813sm18 | O.te67633 | 43Sz
1 3.45227 | 0.2806044 | 24.52271 |  0.0407785 | T.1033562 | 0.1A07785 | 4.6987910
%} 3.7ers0 | 0.2633313 ] z7.97a98 | 0.0357462 | 7.3046875 | 0.assTes2 | .ewssaer
5] sr7es | o.zsesvae | FLTTAE | CLOBIATIS | 7.6060798 | 01314738 | 5.2786335
% | 4.5%97 | 0.2176291 | 35.94973 | 0.027866 | T.a25T086 | 0.12TBISE | 554907
57 ] 5.05667 | 0.197B447 | AseGTH | 0.0246841 | BLO2ISEIE | 0.124661 | 5.8070972
(L 5.5%%92 | o.1r9sses | 45.59917 | 0.0219302 | B.2014121 | 0.3219302 |  6.0525600
19| 5.1159% | 0.3163%080 ST.15909 | 0.0195469 | B.3849201 | 01195480 | 4.2840050
20 | &.TETST | 0.1486436 | §7,27500 | 0.01745%6 | 8.5135637 | 0. UI%S%e | 6508750
2y | 7.40025 | 01351306 | 54.00250 | D.OIS6244 | B.6486W3 | D.TISEM4 | 8.TIBATRY
22 | 814027 | 0.122mke0 | 7140275 | 0.010051 | BTTISA03 ] G.1O0ST ] 40188842
23 595630 | 0.113e782 | 79.5302 ] 0.012S718 | B.ms321a4 | 01125718 | 7.10883
* | 2.84973 | 0.10152%% | 86.49733 | 0.0112008 | B.9847440 ] 0.1V12998 | 7.2880537
25 | WAKTE | 0.09229%0 | 9834706 |  0.0101681 |  9.0770400 | 0.Y101881 | 74379820
| 1.91818 | 0.0835055 | 109.18177 | C.009159¢ | S.1609455° | 0.10913W0 | 7.5186500
27 | 15.10999 | 0.0762777 | f21.099%¢ | o.00m25Te | 92372232 | 0.7082876 | 7.77043a4
EL 142000 | 006933 | 134.2099%¢ | 0.0074510 | 93065645 | 0,070 | 7.9937163
F 1586309 | 0.06303%4 | 14863093 |  0.00s728t |  9.3596059 | 0.1047281 | B.04B858Y
B | 1744960 | 0.0573086 | 16449402 |  0.0060792 |  .é269145 | 0.1060792 | B.176235
M} 1919436 ] 0.0520987 | 1BL.X2 ] 0.0054962 | 9.4790132 | 0105492 | BT
32} 2UVI7E | 00473624 | L0377 | D.00KRTI7 | 9.52637%6 | 0.N04RTIT | BL.A0SOSOT
31} 25.22515 | 0.D430S68 | 22225154 | 0.004P%% | 9.56m324 | 0000 | 85951959
% | 75.54767 | D.0I9WZS | 25.47670 | 0.00K0737 | 9.608STA9 | 0.90407F7 | B.su90e
3% 2830244 | G.0355BAY | 271.033T | 0.0036897 | 9.6441590 | 0.1036897 | 5.708&032
3% | 3091268 | 00323492 | 299.12681 | 0.0033431 0.6765082 | GOI03M3T | 4.7964970
37 3400395 | D.020408% | 33003048 | 0.003029% 9.705916% | 0.103020% | 8.87BO220
38 | I7.40636 | 0.0287349 | 36404343 | 0.0027469 Q7325514 | L.N027E6Y | B.US61485
¥ | ALIGTE | 0.026304k | ADL.AEPTE | 0.0024%10 | 97569538 | 0.7024910 | w0286
W] 45.25926 ] B.022004% | 4A2.58256 | 0.00225%4 9.7790507 | 0.I022B% | 9.0962342
@ | 56763706 | 0.0182603 | 537.8360% | 0.0018600 P.8Y73973 | 0.3018600 ] 9.2188038
| eT.01T23 | 0.0%03674 | 98073 | 0.0010415 9.8060255 | 0.1010415 | $.5000897
59 | 1i7.39085 | 0.0085%86 | 1153.00853 [ 0.0008502 0.0148145 |  0.1008552 | 9.57041M
80 | 30448164 | 0.0032843 | 3034.81840 | 0.DOCIOS 2.9671573 | 0.100529% | 9.8022WS
76 ] TER.TeME 1 0.0012662 | TEB7.4695Y | 0.0001268 P.0873577 | 0.1001268 | 99112854
72 | vsS.59382 | O.00M0665 | 9545.93898 | 0.0001048 | 9.9AUSISE | 0.1001048 | 9.925TSS
EL I IENEEL 2 3 PO & nonrRs2 | wTOm.9surr | 60000787 | 9.9921377 1 0.1000787 | 9.9409883
50 ] 206840021 | 0.000AB82 | 20474.00215 | 0.00004B8 | 9.9951181 | 0.3000488 | 9.9609261
90 | $3%.02281 | 0.0009B82 | 5312022612 | 0.0000988 | 9.99sr17E | £.1000188 | 99830573
100 ] SITBO.812% | 0.0000726 | 137796.12340 | 0.0000073 | 9.99923 | 01000073 | S.990MX

Appendix & 13% mterest Raie Pactors

Slagle Payment Equal-Payment Series Uniforns
Compound  Present- Compound  Sinking- Present- Capital Gradient
Amount Worth Amount fund Worth Recovery Series
Facior, Factor, Factor, Factor, Factor, Factor, Factor,
(FIP.AN) (PIEAN) (WA LN) (WELN) (P4 LN (WP N) (NG iN)
41 1.43000 | 0.8849558 | 1.00000 | 1.0000000 | O.BBASSSE | 113000600 | 0.0000000
2 | LR | 0.783%48T 2.93000 | 0.46%4E38 | 1.6AMI0RE | 0.5994836 | C.<oviads
3 146200 | 0.6930502 140690 | 0.2933220 | 23611526 | 0.4PISZRC | 6.9W87IS
4 IO L 0.6133187 A.BAGB0 | 0.30819AZ ] 2.97MATII | 0.3AsI942 | 13478708
5 1B ] 0.5427%9% £.48027 1 0134315 | T.RTEIE ] 0.28A3NS L LTSN
& | 2.0m9s | g.asodies | B.32I7T ] 09209532 | B.99TSAPS | 0.2301532 | 2.%e7TI%
7 2.35281 | 0.4250606 | 10.40455 | 0091108 | 4.4226106 | 0.2263108 [ 2.5)71104
8 | 2,858 | 03781599 | 1278726 | 0.0783867 | 4. 7987703 | 0.2083887 | 2.B68%09%
LN 300406 | 0.3328848 | 1549571 | 0.064B6BT | S.1314S5T | 0.IRRBBF | 3.2013837
w LINET | o.zoasB 1841975 | 00542896 | 5.4262435 | 0.1m42896 | 3.5181880
1] 383588 | D.2606977 PEAIT [ 0.0A3B41S | 5.886%611 | 0.17RBAIS | 3.BA341%
12 | 433432 | 0.2307059 25.65018 | 0.0389863 | 5.9Ms4V0 | 0.1689860 | 40935922
13 4.89801 | 0.2043645 | 209870 | C.O3¥II03 | A T2IBTIS | 0.1633503 1 C3S7AT3s
% | 553475 | 0.1806766 | 34.88277 | D.028667S | 6.3024881 | 0.1586675 | 4.605038%
5 | 6.25427 | 01598908 | AB.ATTAE | DLORATRIE | S.A6I3TSS | 01547438 | 4.B374ETD
1 | 7.06733 | D.wnsez | AS.ETITS | D.02W262 | S.6038731 | 0.159A282 | 5.05%2315
17 r.es608 | 0.1282179 | 53.73906 | 0.0186084 | 6.7290930 | 0.1486084 | 52588965
m 9.02627 | o.110812% | S1.72814 | 0.018200% | A4.8399053 | 0.1462009 | 344011
W 10.19762 | 0.0980840 | 7OTA9ET | 0.00K1368 | A.93I7T6PI | 0.14138& | 5265118
2 | 11,5239 | 0.0867823 | 8094683 | 0.012333B | F.ONTSYS | 0,1423538 | 5.79vTaw
FI 13.0230% | 0.0747RES | 92.46992 | 0.0108143 | 7.1015501 | 0.140813 | 5.9453778
2 | 1471383 | 0.0679633 | 10549101 | D.00WPES | 7 1695133 | 0.13%VS | 6.0BEDSTR
2| 16.62663 | 0.0601843 | 12D.204B4 | 0.00B3WY | 7.2296578 | 0.1383191 | 6.220461%
2% | 1878809 | 0.0532%2 | 136.83147 ] 00073083 | 7.2028830 | 0.1373083 | 6.3430904
s | 212305 | 00471020 | 155.63956 | 6.0064259 | 7.3299850 | 0.138Z59 | 6.456554
26 3.99051 | 0.0416831 | 176,85010 | 0.0056543 | 7.I7I6681 | 0.1358545 | 65614064
2t | 27.10028 | 0.0368877 | 200.8406% | C.0049Y9T | T.AO8SSSY | 0149791 | 6458192
22 | B0.6334F ] 00326640 | 22794089 | 00043849 | T.AAISNE | 01343880 1 4.TA7A307
® | 34.67584 | 0.0288885 | 25858338 | 0.0038472 | 7.4700886 | 01338672 | 4.M29819Y
30 | 3911590 | 0.0255651 | 293.19922 | 0.0034107 | 7.4956534 | 0.133N07 | 6.9052%5
3 4620006 | 0.0Z2623% | BIZ.3I817 | 0.0030092 | 7.5MmR7F6 | 0.330092 | 6.GW7IN
2 4994709 | 0.0200212 | 376.51608 | 0.0026559 | 7.53Be9ms | 0.1326359 | 7.0383405
3| 56,4602Y 1 O.0VITITR | 426.48317 | 0.0023449 | 7.5540164 | 0132349 | 7.0970Me
% | 3G | D.01SETRS | AB2.90338 | 0.0020708 | 7.S716%60 | 0.1320708 | T.i5071M9
L 72.06851 | 0.0138757 | S46.68082 |  0.0018292 | 7.5855716 | 0.1318292 | 7.190825%
3% | S143TET | G.O1ZZPOR | 6174933 | 0.0014162 | TLSOTESIO | 0.3318%82 | 7.24e78
37 4 92,0228 | 0.0108667 |  700.1867%4 | 0.0014282 | Y.6087177 | 0.13N282 | 72858227
W | o.9en3 | 00098188 | TR2.2net | G023 | Y.OEIEIIEI | 0.131262% [ 73233306
39 ] 11750580 | 0.0085102 | B96.1985 ] 0.0031158 [ Z.e2eMkdS | 0.1311138 | 7.5756m
&0 ] 13278155 | 00073312 | 101370424 | 0.0009865 | T.4343756 | 0.1309865 | 7.3687751
42 | 169.54876 | 0.0058980 | 1296.5289% +|  C.O00TTIY | 7.8469384 | 0NOTTIZ | T.N128
48 ] 3529923 | 00028329 | 2707.6332 | 0.0003693 | 7.6705160 | 0.13036%3 | 7555041
50 | 45073593 | 0.0022186 | 3459.50712 | 0.000ReRt | 7.675Z416 | 0.1302891 | 7.5En33



