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1.
A process for making a single product involves reacting two liquids in a continuously agitated reactor and distilling the resulting mixture. Un                 used reactants are recovered as over head and are recycled. The product is obtained in sufficiently pure form as bottoms from distillation tower.


i)
Prepare a qualitative flow sheet for the process showing all pieces of  

equipment.

ii)
Considering qualitative flow sheet list each piece of equipment and tabulate for each the information needed concerning chemicals and the process in order to design the equipment.

2.
Write short notes on:

a) Hazard and operability study (HAZOP)


b) Fault tree analysis (FTA)

3.a) 
Write about estimating equipment costs by scaling.                                                

b) 
The purchased cost of a 200 liters glass-lined, jacketed reactor was Rs. 8,350 in 1981. Estimate the purchased cost of a similar 1200 liters glass-lined, jacketed reactor in 1986. The equipment cost index for1981 is 721, and for 1986 is 798. The equipment versus capacity exponent may be taken as 0.54.                   

                                        

4.a) 
Define present worth of an annuity and write the equation for determining the present worth of an annuity  for the case of discrete interest compounding as well as for the case of continuous interest compounding?                                     

b) 
The original cost for a distillation tower is Rs. 24,000 and the useful life of the              tower is estimated to be 8 years. The sinking-fund method for determining the              rate of depreciation is used, and the effective annual interest rate for the              depreciation fund is 6 percent. If the scrap value of the distillation tower is Rs. 4000, determine the asset value at the end of 5 years.                                        

5.
Write short notes on







     

(a) Exercise Taxes

Property Taxes

Income Tax Return

(b) What are tax exemptions usually available to manufacturing companies? Discuss them in detail.
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6.a)
Differentiate between selvage and scrap value.


       

b)
Initial cost of a completely installed reactor in a chemical plant is Rs 6,00,000 and the selvage value at the end of its useful life is Rs 1,00,000. Excluding depreciation costs for the reactor, the total annual expenses are Rs 1,00,000. How many years of useful life should be estimated for the reactor if 12% of the total annual expenses are due to the cost for reactor depreciation? Use straight-line method for the determination of depreciation.







     

7
a)
 Discuss rate of return and payout time methods of selecting alternates. 

     b) 
 A vegetable oil extractor costing Rs.50,000 with annual operating costs of Rs.15,000 and an estimated life of 12 years has a salvage value of Rs.2,000. Alternate oil extractor equipment costs Rs.19,000 with a life of 6 years has Rs.1,000 junk value and has operating costs Rs.25,000 annually: (i) What is the rate of return for
the extra investment if the extractor is selected and (ii) What is the capitalized earning rate on the extra investment?

8.a) 
Discuss how the total cost of a product is estimated in a chemical process industry.

b) 
Give a brief comparative discussion on the different methods of analysis of the profitability of a chemical process industry.

c) 
A vessel is to be fabricated from either of three types of steels A, B and C. Given the following data:




                Material of construction





                      Steel A
  Steel B
Steel C

Cost of the vessel lakhs Rs.
     4
      7.2

     6

Estimated life, years
                                    4                12                 10

Maintenance cost,

per cent of the cost of vessel                           5                  1                1.5

and that the operational costs and overheads are the same in each case, which material would you specify for construction.
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1.
Ethylene is produced commercially in a variety of different processes. Feed stocks for these various processes range from refinery gas, Ethane, Propane, butane, natural gasoline, light and heavy naphthas to gas and oil and heavier fractions. Prepare three different qualitative flow sheets to handle a majority of these feed stocks. What are the advantages and disadvantages of each selected process?

2.
Discuss about the physical, chemical and biological methods of wastewater treatment.


3.   
Write about the following methods for estimating capital investment

      (a)  “Lang” factors for approximation of capital investment                                      

(b)  Power factor applied to plant capacity ratio                                                         

(a)  Investment cost per unit of capacity                                                                     

4.a) 
Derive the expression for capitalized cost for the case of discrete interest              compounding.                                                                                                           

b) 
A reactor, which will contain corrosive liquids has been designed. If the               reactor is made of mild steel, the initial installed cost will be Rs. 5000, and the useful-life period will be 3 years. Since stainless steel is highly resistant to the corrosive action of the liquids, stainless steel, as the material of construction, has been proposed as an alternative to mild steel. The stainless steel reactor, would have an initial installed cost of Rs. 15,000. The scrap value at the end of the useful life would be zero for either type of reactor, and both could be replaced at a cost equal to the original price. On the basis of equal capitalized costs for both types of reactors, what should be the useful life period for the stainless steel reactor if money is worth 6 % compounded annually?                                                                                                                 

5.a)
Describe the main features of partial self-insurance scheme.


    

   b)
Fixed capital investment in a company is Rs 10,00,000. If self-insurance is used, a reserve fund of Rs 5,00,000 will be set up and annual insurance premiums will be deposited in this fund under an annuity plan. All money in the fund can earn interest at an compound annual rate of 5%. How much is the annual insurance premium in order to have enough money accumulated to replace a complete       Rs 10,00,000 loss after 10 years?                               
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6.a)
Compare declining balance method with straight-line method for the determination of depreciation.




       

b)
What are the limitations of declining balance method? Suggest a method to overcome them.






      

   c)
Discuss salient features of combination method.


       

7.
A plant is being designed in which 450000 kg per 24 h. day of a water Caustic Soda liquor containing 5 percent by weight Caustic Soda must be concentrated to 40 percent by weight.  A single effect or multiple effect evaporator will be used and a single effect evaporator of the required capacity requires on initial investment of Rs.200000.  This same investment  is required for each additional effect.  The service life is estimated to be 10 years, and the salvage value of each effect at the end of the service life is estimated to be Rs. 80000.  Fixed charges minus depreciation amount to 20 percent yearly based on the initial investment.  Steam costs Rs.100 per 1000 kg and administrator, labour and miscellaneous costs are Rs.400 per day, no matter how many evaporator effects are used.

Where X is the number of evaporator effects, 0.9X equals the number of kgs of water evaporated per kg of steam.  There are 300 operating days per year.  If the   minimum acceptable rate on any investment is 15 percent, how many effects should be used?

8.a)
Derive an expression for determing the optimum coolant temperature in a cooler assuming that the total cost is made-up of the operating cost (the coolant and pumping cost) and Capital Cost (may be considered to be proportional to the Heat transfer Area).

b) 
An Organic Liquid is to be cooled from 75 to 55 C in a shell and tube unit using cooling water available at 25 C. The plant operates 300 days an year. The water cost, including pumping is estimated to be Rs.l.0/m3. The installed cost of the Exchanger is Rs.l,000 per m2 and it is to be depreciated over 8 years. Assume interest, maintenance and Fixed charges amount to 15% of the installed cost per annum and a suitable value for overall coefficient. Find optimum water out-let temperature.
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1.
Synthesis gas may be prepared by a continuous, non catalytic conversion of any hydrocarbon by means of controlled partial combustion in a fire-bride lined reactor. The hydrocarbon and oxidant ( oxygen or air ) are separately pre heated and charged to the reactor. Before entering the reaction zone the tow feed stocks are intimately mixed in a combustion chamber. The heat produced by combustion part of the hydrocarbon pyrolyzes remaining hydrocarbons into gas and a small amount of carbon in reaction zone. The reactor efficient then passes through a waste heat boiler, a water-wash carbon-removal unit, and a water cooler-scrubber. Carbon is recovered in equipment of simple design in a firm which can be used as fuel or in ordinary carbon products.



Prepare a simplified equipment flow sheet in the process, with temperatures-and pressure.

2.
Write short notes on:

(a)Development of a pollution control system   
(b)Solid waste disposal

(c)Thermal pollution control     
(d)  Chemical treatment of wastewaters


3. 
The annual direct production costs for a plant operating at 70% capacity are               Rs. 2,80,000 while the sum of the annual fixed charges, overhead costs, and        general expenses is Rs. 2,00,000. What is the break-even point in units of         production per year if total annual sales are Rs. 5,60,000 and the product sells  at Rs. 40 per unit?  What were the annual gross earnings and net profit for this plant at 100 percent capacity in 1988 when corporate income taxes required a 15 percent tax on the first Rs. 50,000 of annual gross earnings, 25 percent on annual gross earnings of Rs. 50,000 to Rs. 75,000, 34 percent on annual gross earnings above Rs. 75,000 and 5 percent on gross earnings from Rs. 1,00,000 to Rs. 3,35,000?                             

4. 
A new storage tank can be purchased and installed for Rs. 10,000. This tank would last for 10 years. A worn out storage tank of capacity equivalent to the new tank is available, and it has been proposed to repair the old tank instead of buying the new tank. If the tank were repaired, it would have a useful life of 3 years before the same type of repairs would be needed again. Neither tank has any scrap value. Money is worth 9 percent compounded annually. On the basis of equal capitalized costs for the two tanks, how much can be spent for repairing the existing tank?                                          
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5.  
The fixed-capital investment for an existing chemical plant is $ 20 million.  Annual property taxes amount to 1 % of the fixed-capital investment, and state income taxes are 5 % of the gross earnings.  The net income per year after all taxes is $ 2 million, and the federal income taxes amount to 48 % of the gross earnings.  If the same plant had been constructed at a location where property taxes were 4 % of the fixed-capital investment and state income taxes were 2 % of the gross earnings, what would be net income per year after taxes, assuming all the other cost factors were unchanged ?      






6.
The original value of a piece of equipment is Rs 2,20,000 completely installed and ready for use. Its salvage value is estimated to be Rs 20,000 at the end of 10 years of service life. 

a)
Determine asset value of the equipment at the end of 4 years using textbook declining method of depreciation.


       
b)
What % increase in asset value can be achieved if double declining balance method is used instead of textbook declining balance method?


7.
An investigation of a proposed investment has been made. The following result has been presented to the management. The minimum payout period based on capital recovery using a minimum annual return of 10 percent as a fictious expense is 10 years. annual depreciation costs amount to 8 percent of the total investment. Using this information, determine the standard rate of return on the investment.

8. 
Discuss the factors for optimum production rates in plant operations for minimum cost per unit and maximum profit per unit.
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1.
Make a material balance and quantitative flow sheet for synthetic gas process. Assume an operating factor of 95 percent and a feed stock with an analysis of  84.6 percent C, 11.3 percent H2, 3.5 percent S, 0.13 percent O2, 0.4 percent N2 and 0.07 percent  ash. (all on a weight basis). The oxidant in this process will be oxygen having a purity of 95 percent. Production is to be 8.2m3/S.

2.
Write short notes on :

a) Removal of gaseous pollutants from air streams

b) Biological treatment of wastewaters

c) Utilities

d)         Disposal of solid wastes


3.a) 
Discuss the break-even chart.                                                                                       

b) 
A plant operating at 100% capacity has a net profit of Rs. 40,000 with a  40% profit tax. 

(i) 
If the fixed costs are Rs. 1,10,000 and variable costs are 60% of the net  sales, what is the break-even point?                                                                      

(ii) 
If the variable costs are increased by 10% per unit of operations above 100% capacity, what is the net profit for sales at 120% of capacity?                      

4. 
For total yearly payments of Rs. 5000 for 10 years, compare the compound amount accumulated at the end of 10 years if the payments are (a) end-of-year, (b) weekly and (c) continuous. The effective (annual) interest is 20 percent and payments are uniform.

5.  
During the period of one taxable year at a manufacturing plant, the total income on cash basis was  $ 21 million.  Five million dollars of immediate debts due to the company was paid at the end of the  year.  The company paid out $ 15 million on a cash basis during the year, and all of this amount  was tax-deductible as product cost.  The company still owed $ 3 million of tax-deductible bills at the end of the year.  If the total Federal Income Tax  for the company amounts to 48 % of the gross  earnings, determine the amount of Federal Income Tax due for the year on a cash basis and also on  accrual basis.     
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6.a)
Draw plots of asset value versus service life for an equipment using: 

(i) Double declining balance and



       

(ii) Combination method, 




      


and discuss each of them in detail




       

  b)
What do you understand by replacement value? How does it differ from market value? Explain clearly.

7.
An engineer in charge of the design of a plant must choose either a batch or a continuous system. The batch system offers a lower initial outlay but, owing to higher labor requirements, exhibits a higher operating cost. The cash flows relevant to this have been estimated as follows.

	
	Year


	Discounted cash flow rate of return
	Net present worth of 10%

	
	0
	0 – 10 
	
	

	Batch system

Continuous system
	-Rs. 2,00,000

-Rs. 3,00,000


	Rs. 56,000

Rs. 76,500


	25%

22%


	Rs. 1,44,000

Rs. 1,70,000




Check the values given for the discounted cash flow rate of return and net present worth. If the company requires a minim rate of return of 10 percent which system should be chosen?

8.. 
Discuss the optimum design for fluid flow to determine the optimum economic pipe diameter.
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