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1. a)

b)

Student Name: ..ooovvviiiiiniiiiieennnnn Code :.ovvvvvnnnnnnn.

A linear alkyl benzene plant with capacity 120 tons/day, constructed in 2006 cost $35 million in
Samutprakarn province. Estimate a similar plant having the capacity of 300 tons/day if it is to be
constructed in 2009 in Rayong province.
Note: Processing plant cost indexes for 2006 and 2009 are 499.6 and 525 respectively. Capacity
exponent for linear alkyl benzene is 1.07.

( 5 marks )

Urea plant with per metric ton capacity requires the following raw materials and utilities.
Raw Materials (per metric ton product):

Ammonia 500 kg

Carbon dioxide 700 kg

Utilities (per metric ton product):

Electricity 100 Kw hr
Steam (2.5 MPa) 900 kg
Cooling water 40 m’

The fixed-capital cost of a complete plant producing 400 tons of urea/day is estimated to be
$10 million, excluding working capital. Annual sales will be $25 million. The life of the plant is 8
years. The plant is to be operated by 3-shift schedules, 8 hours/shift, 330 days/year. The total
number of operators per shift is 5. Workers are paid for 365 days/year.

Costs of raw materials, utilities and labor are given below.

Ammonia $0.12/kg carbon dioxide $0.03/kg
Steam $0.02/kg Electricity $0.08/kW hr
Cooling water ~ $0.05/m’ Labor $14.00/hr



Student Name: .......oooovvviiiiiiiinnnn. Code :oovvvviviiinl.

Assume 3% of fixed-capital for maintenance, 5% of sales for patents. There is no interest to

be paid. For all other factors, assume typical values in chemical process industries as given below,

Labor related costs:
Payroll overhead 40% of operating labor

Supervisory & miscellaneous 10% of operating labor

Laboratory charges 16% of operating labor

Capital related costs:

Maintenance as specified above
Operating supplies 1.5% of fixed-capital
Environmental 1.5% of fixed-capital
Depreciation as specified above

Local tax, insurance

Plant overhead

Sales related costs:

Patents
Packaging
Administrative

Distribution and sales

4% of fixed-capital

3% of fixed-capital

as specified above
3% of sales
5% of sales

5% of sales

Research and development 2% of sales

Estimate the total product cost of urea as $/ton. The final answer should be in table form
showing major cost items and their cost values.

( 25 marks)



Student Name: ..., Code :

Two types of membrane module are being considered for separation of oxygen and nitrogen from air. They

are made from different materials.

Material type for membrane module Material A Material B
Installed cost, § 24,500 32,000
Maintenance and repair per year, $ 5,200 3,900
Service life, yr 2 3
Salvage value at end of service life, $ 650 2,000

The annual effective interest rate is 10 per cent. Which material type is more economical?

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

equations may be useful.

- Cr
K = CV + '(“H—l)n—:——l—
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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The construction of a new chemical plant requires a fixed-capital investment of $100 million over a 3-year
period of construction. The investments of $20 million, $30 million and $50 million are required during the
first year, the second year and the third year, respectively. At the end of the third year the plant start-up
requires a working capital of $ 20 million. The plant is expected to operate for 10 years. The plant will operate
at 70% and 90% of full capacity for the first year and the second year of operation. It will operate at full
capacity for the third and subsequent years of operation. At full capacity, the sales revenues are projected to be
$150 million per year, and the total expenses, excluding depreciation, are projected to be $100 million per
year. During the first two years of operation, the sales revenues and the total expenses are in proportion to the
operating capacity. Depreciation is by MACRS schedule with a class life of 5 years at 20%, 32%, 19.20%,
11.52%, 11.52%, and 5.76% (for 6-year time span). The income tax rate is 35 %.

a) Write after-tax cash flow of the project on the provided form.

b) Estimate NPV of the project from after-tax cash flow using discount rate at 10%.

c) Estimate IRR of the project from after-tax cash flow.

(25 marks)
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a)

Student Name: ........oooeiiiinieiin ., Code :ooevevvniil.

An absorber column contains 15 steel sieve trays. A 0.46 m manhole is located above each
tray, and one manhole is located below the bottom tray. The ID of the tower is 2 m, and the
total height including the skirt is 15 m. The shell is steel (density = 7833 kg/m3) with a 0.032
m. wall thickness. Six 0.0254 m. couplings and the following flanged nozzles are attached to
the tower: two 0.254 m. vapor-line nozzle; three 0.102 m. nozzles; and two 0.051 m. nozzles.
On the basis of the data provided estimate the cost of the tower with trays installed, but not
including cost for auxiliaries or tower installetion. The tctal 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. Equipment cost curves are provided in Data Sheets at the end of

this exam paper.

( 15 marks)
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b)

c)

d)

Student Name: ........oooeiiiiiiinin.. Code :

Volatile organics and inorganics in waste waters can be removed by stripping. The usual arrangement
would involve the waste water being fed down through a distillation column and stripping agent fed to

the bottom of the column. The stripping agent normally used is either steam or air. Comment on the

advantages and disadvantages of these two stripping agents.

(5 marks)

Explain with one example of limitation of effects as one of the approaches in safety design.

(5 marks)

Explain the major items on a balance sheet of a chemical company. Explain the meaning of leverage

ratio.

(5 marks)

End of Examination Questions
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Data Sheets
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Purchased cost of vertical columns. Price does not include lrays, packing. or connections.
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Column wall thickness, in.
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Cost per connection, doliars/in. connection (ID)

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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Purchased cost of trays in tray columns. Price includes tray deck. bubble caps,
risers, downcomers, and structural-steel parts.
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Diameter, in.
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Purchased cost of distillation columns including installation and auxiliaries
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Purchased cost of stacked-ri ng and high-efficiency saddle packing (price includes
column internal support and distribution)
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