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. a) The purchased-equipment cost of a process plant handling both solids and fluids
was estimated to be $100,000. The plant has high degree of automatic controls
and is essentially outdoor operation. A large amount of direct supervision is
required. Use the ranges of process-plant component cost outlined in the table
below to estimate the fixed-capital cost for the plant. Do not include the land
cost in the estimate. Comment on the accuracy of the estimate.

( 10 marks )

Range of
Fixed-
Component capital
Investment,
%
Direct costs
Purchased equipment 15-40
Purchased-equipment installation 6-14
Instrumentation and controls (installed) 2-12
Piping (installed) 4-17
Electrical system (installed) 2-10
Buildings (including services) 2-18
Yard improvements 2-5
Service facilities (installed) 8-30
Land 1-2
Indirect costs
Engineering and supervision 4-20
Construction expenses 4-17
Legal expenses 1-3
Contractor’s fee 2-6
Contingency 5-15




b)

c)

Student Name: .......oviiriei i, Code : .o,

Describe the turnover ratio method and its accuracy as the method used for estimating
capital investment for a process plant.
(5 marks)

Estimating the manufacturing cost per 100 kg of product under the following conditions:
Fixed-capital investment = $4 million.
Annual production output = 9 million kg of product.
Raw material costs = $0.25 /kg of product
Utilities:

1000 kPa steam = 50 kg/kg of product

Purchased electric power = 0.9 kWh/kg of product.

Process water = 0.083 m3/1<g of product.
Operating labour = 12 persons per shift, 8 hours/shift, at $25.00 per employee hour.
Plant operates three hundred 24-h days per year.
Operating supervision is 15 percent of operating labour.
Maintenance and repairs is 0.7 percent of fixed-capital investment.
Operating supplies is 15 percent of maintenance and repairs.
Laboratory charges is 15 percent of operating labour.
There are no patent, royalty, interest, or rent charges.
Plant overhead costs amount to 50 percent of the cost for operating labour, supervision,
and maintenance.

Costs for utilities are provided in data sheet at the end of this examination paper.

{ 15 marks)
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2. a) A power plant for generating electricity is part of a plant design proposal. Two alternative
power plants with the necessary capacity have been suggested. One uses a boiler and
steam turbine while the other uses a gas turbine. The following information applies to the

two proposals.

Power plant type Boiler and Gas Turbine

Steam Turbine

Initial investment, $ 600,000 400,000
Fuel costs per year, $ 160,000 230,000
Maintenance and repair per year, $ 12,000 15,000
Insurance and taxes per year, $ 18,000 12,000
Service life, yr 20 10
Salvage value at end of service life, $ 0 0

All other costs are the same for either type of power plant. A 12 percent return is
required on any investment. If one of these power plants must be accepted, which one
should be recommended?

Students may use any methods they prefer for the calculation. For capitalized cost

method, the following equations may be useful.

- C
K=Cot (1 +1)" -1
where K = capitalized cost
C, = original cost of equipment
Cy = replacement cost = C,, - salvage value
n = year
i = interest rate

( 15 marks)
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b) A new process plant project is estimated to require the fixed capital investment of $150

c)

million. The salvage value of the plant is $10 million at the end of plant life of seven
year. Estimate the yearly depreciation allowances for seven years using the double
declining balance method.

( 10 marks)

Acrylic acid is produced by reacting propylene with oxygen. Propylene and air are fed to
the reactor at flow rates 127 and 1,363 kmol/h, respectively and must be heated to 190°C.
The reaction is exothermic and yields acrylic acid product and acetic acid by-product at
310°C. What are the safety considerations that must be paid in designing the reactor?

( 5 marks)



Student Name: ........oooviiniiiiiiiinnnn, Code ;oo

A rubber products plant is to be built for two years. The fixed-capital costs for the plant is
$40 millions distributed according to percent of construction. A working capital investment
of $§ 7.5 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, revenues and operating expenses in millions of dollars are

as follows.

End of year 0 1 2 3 4 5 6 7 8
% construction 40 60

Annual revenue - - 7.2 12.0 180 240 280 300 320
Annual operating - - 3.8 53 6.5 7.4 8.2 9.1 9.8
Expenses

(excluding depreciation)

Use the MACRS depreciation schedule with 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 28%.

Write after-tax cash flow for 7-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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4.a) A carbon steel sieve-tray distillation column with 40 trays operated at an average
pressure of 303.0 kPa, and average temperature of 147°C is used to separate toluene-
benzene feed mixture. The top product contains 99 mole percent of benzene. Tray

spacing for the column is 0.61 m. Physical properties at top of the column are:

vapour density, Py= 60 kg/m3
liquid density, P, =8300  kgm’
vapour flow rate, vV =0.08 kmol/s
liquid flow rate, L =005 kmol/s

Molecular weight for vapor mixture = 78.00
Surface tension of liquid mixture = 13.27 dynes/cm
Foaming factor = 0.9 and A, /A > 0.1

Calculate column diameter at top of column.

( 15 marks)
Note:
L/V =R/(R+1), V=D(R+1), R = reflux ratio, D= distillate rate, kmol/s
12
flooding velocity V,;=C (M] — (D
Py

where 'V .= net vapour (gas) velocity at flooding, m/s

C = capacity parameter of Souders and Brown

Fair gave a plot of Cj, in the form C_, = f (tray spacing, F,,)
05
(L[ py .
where F|,, = — || — ,both L and V are in kmol/s
\AVS

F  is callled “kinetic energy ratio”

C,, is Souders and Brown factor

13
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Chart ‘for estimating values of C,, (10 percent) in Eq. (15-7). [Adapted from
J. R. Fair, Petro/Chem. Eng., 33(10): 45 (1961) with permission.]

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

F¢; = surface tension factor = ((')'/20)0'2

F, = foaming factor (= 1.0 for nonfoaming systems )

F, 4 = 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)

14
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Column diameter can be calculated from
0.5

4VM,

column diameter, D = A
085V, 7w (1 - de Py

- (3)

where M, = molecular weight of vapor

and A = total column cross-sectional area
2

A="2 o p-uan®

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

LV —
(Fy-0.1)
9

AJA=0.1 + when 0.1 SF,, < 1.0

Lv —
AJA=02 when F,,, 2 1.0

LV —

4b) Explain the major items on a balance sheet of a chemical company. Explain the meaning

of acid ratio.

( 5 marks)

End of Examination Questions
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Electricity
Fuel
" Coal
Petroleum

Petroleum coke
Gas
Refrigeration, to temperature
5°C
—-20°C
-50°C
Steam, saturated
10°-10% kPa (1501500 psi)
Wastewater
Disposal
Treatment
Waste
Hazardous
Nonhazardous
Water
Cooling
Process
Labor
Skilled
Common

Data Sheet

18

0.045 $/kWh

0.35 $/GF
1.30 $/GJ
0.17 $/GJ
1.26 $/GJ

20.0 $/GJ
32.0 $/GJ
60.0 $/GJ

4.40 $/1000 kg

0.53 $/1000 kg*
0.53 $/1000 kg

145.00 $/1000 kgt
36.00 $/1000 kg

0.08 $/1000 kg
0.53 $/1000 kg’

33.67 $/h
2500 $/h



09512550 900021°0 | 9ggegce's | 000000 | 2.2v5°010969 | 021000070 si592 22588 | o001
$986625°8 svwoozi-0 | sfzoscee | sy00000°0 | ss@iitie0%22 | 22£0000°0 22ys6 16992 | 06
9260%25°9 scio0zL'o | eousesew | 6£10000°0 05269°SY12L $€11000°0 oicee'gs9e | o
299091€°9 vs20021°0 | asosee | yveoooo o 2986175560 ££02000°0 s siey |
[ {04 ] €v50021°0 | sossots'® | £y£0000°0 £5.99°€E162 0992000°0 ogleLers | u
691290£°8 1£70021°0 | tvvsosse | 1£v0000°0 06155 °522£2 195£000°0 weassusz | w
9K19992°8 seclozt-o | gsvoveece | eecioooto 1199 1LY 19t1100°0 sevec 268 | 09
s522651°8 291%021°0 seoyvor'e | £91%000°0 $2810°0092 2099500°0 o1200'682 | os
¥eo%2L°8 | 1£25021°0 6291262’ | 1£25000°0 09695 L 161 S0YCY00°0 soes°0c2 | 9
1eec026°2 | ozg012470 gécoi92'e | ougoL00°0 896557796 £295800°0 nsuar | o
S182868°2 9g0£121°0 suce'e | 9sog100°0 29160° 292 999201070 16050°€6 | oy
61850°L 029%i2L 0 ss20552'¢ | 0297100°0 02010° Y99 9950210°0 22180 €0 | o€
y590918°2 vsE9I2L 0 $£66022°8 | 96£9100°0 £50£8°609 9097€10°0 | 99aslw | et
1S299L°L 96£0121°0 5028 | 965810070 69065° €Y s860510°0 | weigz 99 | 2
1e09ize | 1yeozzio anvze's | 1990200°0 a9r'wy | soie9toco | 2ssEives | 9%
esous9'L | 9ugzzLco esosssi'8 | 991£200°0 0sg99°iEy | scstewloto | 2veesces | sg
gseves e | sooszzico | vyesvsi'e | 900920070 26025° 988 saiziz0c0 | ozsavicyy 13
zev20es . | soeeezico | lesgssice | £026200°0 $9629° 2% ususzoe | gste0°zy 133
sassesys | goezgzio | wvesuitce | gowesooto 2L YO 0099200 | 21962 %
ozoilesz | 19evszico | Zsesvwo's | 198950070 19262° 122 2096200 | 1tsssEg I
somezrs | zemvaio | oweissos v | ozgvv00c0 | evesstive 6.5550°0 | 26656762 | of
onozcs | eosverc | osomizots | 2o099v0'0 | swemsi2 £e95250°0 | £e6%1°92 | 6
ess601°2 | esveszico | seayvests | esyzsooto | eewevost $698190°0 | segee sz 74
saev0° s | 1voeszico | sesszvetsz | 1v0ss00c0 | ovuEest 9cee9%0°0 | weves-i2 R’
veozen'y | eis99a1'0 | 659568z | 61599000 S65KE° 051 90252500 | 200%0°61L 92
96e0022'9 | oooszzito | wesigswecz | oooszo070 28555 €51 ss2ews0'0 | 90000741 s2
0s790%9°9 | et9v2ico | wesigvescz | v€9ve00°0 92551°8L1 12e9590°0 | €9mzi'sl 1]
1900108'9 | oo9sezi-0 | 8698122 | 0095600°0 69209° Y01 ogeze20'0 | sg2ss°EL 2
0v1se'9 | sotgosico | Zsv9vv9ts | soLe010°0 2520526 szv9zeoc | igooL-2u 2
susier'e | tovezerro | 2co029s'2 | 10%22i0°0 9/069° 19 96552600 | sweog-ol [ 2
£502020'9 | emeesic0 | 9eyve9vz | smussioto 250" 9999501°0 | 629796 0z
esuse's | otozsstco | esus9stz | ogvesioto 996€Y°£9 g901914°0 | 921989 6l
wuzw's | wessito | oeseverz | . sgazioto 12692°55 96500£1°0 | 26699°¢ [
s9s2ser's | 29svovio | sogesitcz | l9svoz0t0 19598°9 sy9s0 | v9999 i
swonie's | ooegsyio | 29mezé'9 | oosgszoco | wseEsec2y 2590 | efosL9 | 9
veoto8sy | 2zv2mevice | swmoiere | 2vaeveoce | tueszis 96928170 | 25549° |
osesigs"y | 2uwzgostc0 | zeviseete | zeosote | oveest2E e619v02°0 | Mze9cy | =
6£0£999°y | 2u9ssi'o | vevsgzyy | aw9ssoro | 1ie20°82 | 2wuiezzro | ereey [ 13
ses9681’y | e9gyiot 0 | 2wgvelt9 | evgmveco | fiEsicee | 1sz99s2'0 | sessess | a
9952568°€ | ysivmoLc0 | 1669:86°S | 9vsivv0c0 | esvs9oz | 19z982°0 | ssszvg | u
ogsoves s | 2zvweevui0 | ogzeosets | 2weeesoto | weevstl 2u612e'0 | sesol's | o
st | emoemo | sevemeets | se9uv0c0 | gvsuto 0019095°0 | oLz | o
ssvigie'z | s20f10270 | seEsz96'y | weocieoto | eves2 2c0ec0y°0 | 9wy | e
wsonisse | umslero | osouEesty | auiss0c0 | Lossool 2e7s259°0 | weoiz2 | ¢
sevote | uszesvzeo | szomiicy C | sszzszico | sisuice L1£9905°0 | 2ue26°L | ¢
swsshest | se0n22'0 | z9uv09'g | z60%s1°0 | seesg9 - 6929295°0 © | g2ty | ¢
12seese L | wveze2sto | sevizg0's | vvgee0zt0 | ssenscy | wssgor0 | 2sestt | »
g09v26'0 | osve9iyo | fiemiovz - | osvesszro | oywgcs | 208z102°0 | g6%0%°) | ¢
1969129°0 | 1se9t6s'0 | olsooevtt | ieestzyo | ooozicz | esstzaz'0 | owysz°y | 2
0000000°0 | ooooozi-t | sse2setc | 0000000°L | 00000°L | seeesc | ooozi‘L (Y
Wrow) Wrdwy NevYd) Wrdw) Wevd) (NBd9d) (NP dd) N
‘J01084 ‘101004 ‘Joeq ‘Jope] ‘1003 ‘Joped ‘Jopeg
SIS 334029y quop pung wunowy yuUoA unowy
iprI) rende) -Juasald -Supjuis punodwe) -juasald punodwop
ULIOfrufy sapag Jusukeg-enby uawkeg afduig

$401004 VY 1594318] XTI

829266°6 £200001°0 | €ys2666°6 £200000°0 orys21-9ausL | 92z0000°0 | s2ivconust | oot
£250£96°6 9810001°0 | SLL1966°6" 2810000°0 a9zz oziss | 2eei0000 | 1sezocsiss | o6
1926096°6 2890001 °0 18115666 29%0000°0 Siz00°92%02 | 2ewv000°0 | 12009802 | 0%
€9960%°6 2820004°0 LL51266°6 18£0000°0 wusss'voz2e | zomzo00ce | usseetizar | s
£625926°6 £901001°0 £S£5606°6 9901000°0 gigss'syss | sovotooo | 2ecestsss | &
9NS216°6 992100470 LISSI06°6 2921000°0 69y a9ve | zosao0co | sesvsesr | me
§962200°6 $62£001°0 £151296°6 c625000°0 | ovoiecygor | £veesooco | vsievvos | 09
0£1045°6 26580040 EvI8916°6 2659000°0 | ss90s°soit | 9emiseooco | seosgcabt | oS
1680005°6 €I%0L01°0 £526968°6 styoioo'0 | os2zicomé | seogoroco | sau10°26 | e
9£09912°6 0098401°0 CL6EL18°6 0092100°0 66959266 | fo9zeioo | ol€9L°% | 2
2952960°6 965220170 205062276 9652200°0 9c265°2yy | eve0220'0 | 9zesz'sy | oy
2915020°6 0169201 °0 956695476 0169200°0 suyytoy | wogr0c0 | sy | &g
£891956°9 699220470 5926476 6991200°0 syevo y9s | evizezoc0 | vsvovus | e
02208.8°8 6620501 °0 S91850L°6 6620£00°0 svefo0ss | £eo%e20'0 | seso0tes | af
0469964 °0 1£YE£0L°0 2905929°6 L£9££00°0 ie9z1662 | 269sec0'0 | e9zle°0f | ox
20990L°9 2699501°0 06519Y9°6 2689£00°0 is920°122 | 1vmsssote | yveorwR | s
06£6919°9 2€20%01°0 6925909°6 1£20%00°0 9y sz | sevieg0co | 29%5°s2 | o€
6561516°89 9%66Y701°0 92£9695°6 ve6900°0 | vsiszrzzz | eesosvoro | sisees | s¢
2050609°8 2126Y01°0 962£925°6 226%00°0 | oazgici02 | oveeszvoc0 | stz | 2
1521962°% 296750470 W1062°6 296%500°0 | 2rvevecimt | smeo2soo | vEveltel | 15
§522921°9 2620901°0 svieozy's | 262090000 | 20%y'y9r | ewomsoce | averr st | os
£959890°Q 182490170 6s09695°6 | 1suso0co | seosvceyt | vesogsoco | soeverst | 62
91251672 015%201°0 $99590£°6 olsr200°0 | %ss02-vEL | geviesoto | esozrvi | e
99E904L°L 9.52901°0 U6 ous2000'0 | vees0 12t | iueseoco | essotsl | 22
00598194 0651601°0 . §596091°6 0651600°0 | 22181601 | ssosgs0t0 | eisiecnd | 92
0206259°2 199101L°0 00%0220°6 teotot00 | 902986 | o9s2zs0'0 | 1295w0L | sz
issosez°s | ses2iiLo oywyee's | wes2ito'o | guzevcee | oszsior'e | sz6m8°6 | 92
1£99901°2 gLLs214°0 wizese's | susaoco | 2085l | 2e9it10 | osvse'® | 2
2999816°9 1500941 °0 sovsizzee | isoovioco | se20v°i2 | oewzairo | s200°% | 22
1820982°9 92951470 s9699%9'8 | 9wv29si0c0 | 0s200°¥9 | sofieciro | sz00v2 | 12
05208069 o6so211'0 | 2955168 | 9eswzi0c0 | ooszzois | sgvomico | owse | o2
0560962°9 69vs611'0 | LozevoE'e | e9vseroco | eoesiUis | omosgoro | 1esii-9 | et
009szc0'9 | 20ss121°0 | izivoze | zoterzoco | L166s°sY | eesmesio | 26685°S | &
uesozom s | wveevarco | ssssizote | 1veevz0c0 | ozvystoy | 2ywmzer0 | 29vs0°s | 2
095e9s°s | 9oiezzLro | ovouseRcL 9918£20°0 £26%6°SE | 1se9ztz'0 | ze%s°y | 9
ssesez2es | eumgro | s6c0909°2 9£291£0°0 gL g | o2egeg2'0 | sauicy | <t
1925566° Y ovussl0 | su99995°L 2992550°0 86%26° 42 | siege9z'0 | oszes’s | n
6l6L069°Y seuon 0 | 29ses01°L $8220%0°0 12225792 | wyo9s92'0 | s22sv¢ |«
20%09E°Y £e929%1°0 | BL69E18°9 ££929%0°0 92995°12 | wogomigro | swenis | 2
Y950%90° Y tevegsio0 | 01905699 1£96£50°0 211£5°8) | esevossro | aigsere I n
soovszz s | yswoto | 1295v9L09 *%92290°0 256761 | seyssogro | wusesc? | o
[{0 77134 4 S0v9521°0 | wg208ss°g S0¥9520°0 9¥8L5°CL | oue092y'g | sesss°2 | 6
98LY900° € oyyueico | 2926ve's | ovyweooo 69SE° 11 | w069990 | esguce | ¢
0519129°2 ssovs02°0 | esivesey | ssovsoico 1898 | esisigro | 2uev6°t | ¢
2255822°2 o220 | 209255€°Y 9209621 °0 1951272 | ey | 9zt | 9
0921018°} wee92 0 | e9nzoa’s SL6L591°0 oLs0L"9 | €126029°0° | 15019°1 | s
a9 18E° L soLysie o | vsomenr‘s soz9siz’o | ooty | seloge9c0 | olveyt | v
65559€6°0 evizoy'0 | o2sheeye evizosc0 | ooole’s | emgiero | oousgci | €
$061929°0 cosi9ss'0 | ussszcy | sostezyo | ooooicz | s9ywzeco | oootz't | 2
0000000°0 000000L°t | 6060606°0 | 0000000°t | 0000O"L | eosos0s'0 | ooooLt ]
WT9w) (N19wW) (Neyid) W19w) WHvd) (Whdd) WPdd) N
‘Jopey ‘Jopeg ‘J0004 ‘301008 ‘Jope] ‘so0e] ‘Jopey
sapag  Asawooay yuop puryg wnowy op tunoury
warpesn rndey  -uesayd -Sups  punodwo) wasald  punodwio)
oy Souag uaulkeg-rnby wauifeg apBus

si0100 vy 1584318 %01

19



