GATE Previous Years Solved Papers

CHAPTER
9

The Gate Coach

• Plant Design and Economics

(Gate 2001)

depreciation for the mth year by the
Sum-of –Years –Digits method will be

1.
A perforated plate has holes of
diameter dh arranged in a pitch ph. Each
hole has a tube of internal diameter dt
passing through it. The ligament efficiency
is given by
(A)

ph  d h
ph

(C)

ph  dt
ph

(B)
(D)

ph  dh dt / 2
ph

ph  dt
dh

(B) 7 years
(D)10 years

3. An investment of Rs. 1000 is carrying an
interest of 10% compounded quarterly.
The value of the investment at the end of
five years will be.
(A) 1000 1 +

0.1 20
4

(C) 1000 1 +

0.1 5
4

(B) 1000 1 + 0.10
(D) 1000 1 +

 P m
(B) 1   
S
(D) 2(n  m  1) ( P  S )
n(n  1)

(Gate 2002)

2.
An investment of Rs. 100 lakhs is to
be made for construction of a plant which
will take two years to start production. The
annual profit from operation of the plant is
Rs.20 lakhs. What will be the payback time.
(A) 5 years
(C) 12 years

1

PS
(A)
n
m
(C)
(P  S )
n

5.
The total investment in a project is
Rs. 10 Lakhs and the annual profit is Rs. 1.5
lakhs. If the project life is 10 years, then the
simple rate of return on investment is
(A) 15%
(C) 1.5%

(B) 10%
(D) 150%

6. If an amount R is paid at the end of
every year for n years, then the net
present value of the annuity at an
interest rate of i is
1+𝑖 𝑛 −1

(A)

𝑅

(C)

𝑅[ 1 + 𝑖 𝑛 ]

𝑖

(B)
(D)

1+𝑖 𝑛 −1

𝑅

𝑖 1+𝑖 𝑛
𝑅

1+𝑖 𝑛

20

0.1 5
2

4. P is the investment made on an
equipment, S is its salvage value and n is
the life of the equipment in years. The
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7. A company has a depreciable investment
of Rs.36400 which is depreciated in equal
installments in two years. Assume that the
tax rate is 50% and the interest rate is 10%.
The net present value of the tax that the
company would have saved if it had
depreciated 2/3 of the investment in the
first year and the rest in the second year, is
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(A) 0
(C) 375

(B)250
(D)500

8.A cylindrical pressure vessel of volume 6π
m3 has to be designed to withstand a
maximum internal pressure of 10 atm. The
allowable design stress of the material is 125
N/mm2 and corrosion allowance is 2 mm.
The thickness of the vessel for a
length/diameter ratio of 3 will be close to

The Gate Coach

Using capitalized cost, determine what
should be the common life of the pumps for
both to be competitive (economically
equivalent). Interest rate is 10% per annum.
Maintenance and operational cost are
negligible.
(A)
(C)

3 years
6 years

(B) 5 years
(D) 8 years

(Gate 2004)
(A) 5mm
(C) 8mm

(B) 6mm
(D)10mm

(Gate 2003)
Common Data Questions
A process has fixed capital investment of Rs.
150 lakhs, working capital of Rs. 30 lakhs
and salvage value zero. Annual revenues
from sales are Rs. 250 lakhs ,
manufacturing costs 145 lakhs and other
expenses 10% of the revenue. Assume
project life span of 11 years , tax life of 5
years and interest rate to be 10%. Tax rate is
40% and straight line depreciation i.e. 20%
per year is applicable
9. Discounted value (to present time) of the
profit before tax (for the total plant life
period) in rupees is
(A) 228 lakhs
(C) 520 lakhs

(B) 400 lakhs
(D) 660 lakhs

10. Discounted value of the depreciation
benefit over the tax life in rupees is
(A) 12 lakhs
(C) 46 lakhs

(B) 24 lakhs
(D) 60 lakhs

11. Two pumps under consideration for
installation at a plant have the following
capital investment and salvage values.
Pump A : C1= Rs 40,000 , Csal = Rs 3900 .
Pump B: CI = Rs50,000 ,Csal = 20,000.
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Common Data Questions
Fixed capital investment for a chemical
plant is Rs. 40 million with an estimated
useful life of 6 years and a salvage of Rs. 4
million. The rate of interest is 15%. Tax is
25% of the annual taxable income. In the
first year of operation, the income from
sales is Rs. 20 million and manufacturing
expenses are Rs. 5 million. The plant
depreciates on a straight line basis
12.
The rate of return on investment is
given by
(A) 50
(B) 37.5
(C) 32
(D) 20
13.
The net present value (NPV) in
million Rs. at the start and at the end of the
first year of operation is respectively given
by
(A) zero and -28.9
(B) -40 and -28.9
(C) -40 and 12.75
(D) zero and 12.75
(Gate 2005)

14.
For a solid processing plant, the
delivered equipment cost is Rs. 10 lakhs.
Using Lang multiplication method, the total
capital investment, in lakhs of rupees, is
(A) 46
(B) 57
(C) 100
(D) 200
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15.
The cost of a drum dryer is Rs. 10
lakhs. The cost of a drum dryer with double
the surface area in lakhs of rupees is
(A) 2 x 10
(B) 30.6 x 10
0.6
(C) 5 x 10
(D) 20.6 x 10
16.
The cost of a distillation column in
the year 2000 is x rupees. What is the cost
of the column in rupees in the year 2010
given the cost indices for the years 2000
and 2010 are 480 and 520 respectively?
(A)

(C)

520 2
480
520
480

x (B)

x

(D)

480
520

x

520 0.6
480

x

17.
The original value of an equipment
is Rs. 10000/-. The salvage value is Rs.
500/- at the end of its useful life period of 5
years. What is the asset value in rupees
after two years by textbook declining
balance method?
(A) 3025/(C) 5020/-

(B) 4010/(D) 6050/-

18.
The depreciable fixed cost is Rs. 100
lakhs. The average profit per year is Rs. 15
lakhs. The average depreciation cost per
year is Rs. 10 lakhs. What is the payout
period in years, if there is no interest
charge?
(A) 8
(C) 10

(B) 4
(D) 20

(Gate 2006)

The Gate Coach

evaporator (in $)? Assume that the cost of
evaporators scales as (capacity)0.54. The
Marshall and Swift index was 1048.5 in
1996 and 1116.9 in 2002.
(A) 1,30,500
(C) 1,41,900

(B) 1,39,100
(D) 1,51,200

20.
Due to a 20% drop in the product
selling price, the pay-back period of a new
plant increased to 1.5 times of that
estimated initially, the production cost and
the production rate remaining unchanged.
If the production cost is Cp and the new
selling price is Cs, then Cp/Cs is
(A) 0.2
(B) 0.4
(C) 0.5
(D) 0.6
21.
Obtain the optimal diameter of a
cylindrical storage vessel of volume V. The
curved shell costs Cs (in $/m2), and the flat
top and bottom plates costCp (in $./m2)
𝐶𝑠 4𝑉 1/3

(A)

𝐷=

(C)

𝐷= 𝑉

𝐶𝑃

𝜋
𝐶𝑠 1/3
𝐶𝑃

(B)

𝐷=

(D) 𝐷 =

8𝑉 𝐶𝑠 1/3
𝜋 𝐶𝑃

4𝑉 𝐶𝑠 1/3
𝜋 𝐶𝑃

22.
A sale contract signed by a chemical
manufacturer is expected to generate a net
cash flow of $ 2,50,000 per year at the end
of each year for a period of three years. The
applicable discount rate (interest rate) in
10%. The net present worth of the total cash
flow is $.
(A) 7,50,000
(C) 6,21,500

(B) 6,83,750
(D) 3,32,750

(Gate 2007)
19.
In a desalination plant, an
evaporator of area 200 m2 was purchased in
1996 at a cost of $3, 00,000. In 2002,
another evaporator of area 50 m2 was
added. What was the cost of the second
THE GATE COACH, All Rights Reserved

23.
A pump has an installed cost of Rs.
40,000 and a 10-year estimated life. The
salvage value of the pump is zero at the end
of 10 years. The pump value (in rupees)
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after depreciation by the double declining
balance method, at the end of 6 years is
(A) 4295
(C) 21257

(B) 10486
(D) 37600

The Gate Coach

28.
A column costs Rs. 5.0 lakhs and has
a useful life of 10 years. Using the double
declining balance depreciation method, the
book value of the unit at the end of five
years (in lakhs of Rs.) is

(Gate 2008)
(A) 1.21
(C) 1.64
24.
For the case of single lump-sum
capital expenditure of Rs. 10 crores which
generates a constant annual cash flow of Rs.
2 crores in each subsequent year, the
payback period (in years), if the scrap value
of the capital outlay is zero is
(A) 10
(C) 1

(B)20
(D) 5

25.
The relation between capital rate of
return ratio (CRR), net present value (NPV)
and maximum cumulative expenditure
(MCE) is
(A) 𝐶𝑅𝑅 =

𝑁𝑃𝑉
𝑀𝐶𝐸

(B) 𝐶𝑅𝑅 =

(C) 𝐶𝑅𝑅 = 𝑁𝑃𝑉 x MCE (D)

𝑀𝐶𝐸
𝑁𝑃𝑉

𝑀𝐶𝐸
𝑁𝑃𝑉+𝑀𝐶𝐸

26.
A reactor has been installed at a cost
of Rs. 50,000 and is expected to have a
working life of 10 years with a scrap value of
Rs. 10,000. The capitalized cost (in Rs.) of
the reactor based on an annual compound
interest rate of 5% is
(A) 1,13,600
(B) 42,000
(C) 52,500
(D) 10,500
(Gate 2009)
27. The total fixed cost of a chemical
plant is Rs. 10.0 lakhs; the internal rate of
return is 15% and the annual operating cost
is Rs. 2.0 lakhs. The annualized cost of the
plant (in lakhs of Rs.) is
(A) 1.8
(B) 2.6
(C) 3.5
(D) 4.3
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(B)1.31
(D) 2.05

(Gate 2010)
29.
A reactor needs to be lined with a
corrosion resistant lining. One type of
lining cost Rs.5 lakhs and is expected to last
for 2 years. Another type of lining lasts for 3
years. If both choices have to be equally
economical, with the effective interest rate
being 18%, compounded annually, the price
one should pay for the second type of lining
is
(A) Rs. 6.1 lakhs
(C) Rs. 6.9 lakhs

(B) Rs. 6.5 lakhs
(D) Rs. 7.6 lakhs

Common Data Questions:
A plant produces phenol. The variable cost
in rupees per ton of phenol is related to the
plant capacity P (in tons/day) as 45,000 +
5P. The fixed charges are Rs. 100,000 per
day. The selling price of phenol is Rs.
50,000 per ton.
30.
The optimal plant capacity (in tons
per day) for minimum cost per ton of
phenol, is
(A) 101
(B)141
(C) 283
(D) 422
31.
The break-even capacity in tonnes
per day, is
(A) 50
(C) 30

(B)40
(D) 20
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(Gate 2011)

The Gate Coach

(Gate 2012)

32. Minimum input required to calculate
the ‘blank diameter’ for a torispherical head
is
(A) Crown radius
(B) Crown radius, knuckle radius and length
of straight flange
(C) knuckle radius and length of straight
flange
(D) Crown radius and knuckle radius
33.
A process plant has a life of 7 years
and its salvage value is 30 %. For what
MINIMUM fixed – percentage factor will
the depreciation amount for the second
year, calculated by declining balance
method be EQUAL to that calculated by the
straight line depreciation method?
(A) 0.1
(C) 0.527

(B)0.113
(D) 0.88

34.
A continuous fractionators system is
being designed. The following cost figures
are estimated for a reflux ratio of 1.4.
Fixed cost including
all accessories

Operating cost
Rs/year

35.
A batch reactor produces 1 x 105 kg
of a product per year. The total batch time
(inhours) of the reactor is k PB , where PB
is the product per batch in kg and k = 1.0 h
/

kg . The operating cost of the reactor is

Rs.200/h. The total annual fixed charges
are Rs. 340 PB and the annual raw material
cost is Rs. 2 106 . The optimum size (in kg)
of each batch(adjusted to the nearest
integer) is
(A) 748

(B) 873

(C) 953

(D) 1148

36.
Heat integration is planned in a
process plant at an investment Rs. 2 x 106 .
This would result in a net energy savings of
20 GJ per year. If the nominal rate of
interest is 15 % and the plant life is 3 years,
then the breakeven cost of energy, in Rs. per
GJ (adjusted to the nearest hundred), is
(A) 33500
(C) 54200

(B) 43800
(D) 65400

(Gate 2013)
Colu
mn

Cond
enser

6 x106

2x106

Reboiler Conde
nser
Cooling
water
6
4x10
8x106

Reboiler
heating
steam
1x106

The annualized fixed charge is 15 % of the
fixed cost. The total annualized cost (in Rs.)
is
(A) 10.8 × 106

(B) 13.35 × 106

(C) 15.9 × 106

(D) 3.15 ×106

THE GATE COACH, All Rights Reserved

37.
The purchase cost of a heat
exchanger of 20 m2 area was Rs. 500000 in
2006. What will be the estimated cost (in
Rs. to the nearest integer) of a similar heat
exchanger of 50 m2 area in the year 2013?
Assume the six-tenths factor rule for scaling
and the cost index for 2006 as 430.2. The
projected cost index for the year 2013 is
512.6. _____
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38.
A plant manufactures compressors
at the rate of N units/day. The daily fixed
charges are Rs. 20000 and the variable cost
per compressor is Rs. 500 + 0.2 N1.3. The
selling price per compressor is Rs. 1000.
The
number
ofcompressors
to
be
manufactured, to the nearest integer, in
order to maximize the daily profit is ____
(Gate 2014)

39.
A cash flow of Rs. 12,000 per year is
received at the end of each year (uniform
periodic payment) for 7 consecutive years.
The rate of interest is 9% per year
compounded annually. The present worth
(in Rs.) of such cash flow at time zero is
_____
40.
A polymer plant with a production
capacity of 10,000 tons per year has an
overall yield of 70%, on mass basis (kg of
product per kg of raw material). The raw
material costs Rs. 50,000 per ton. A
process modification is proposed to
increase the overall yield to 75% with an
investment of Rs.12.5 crore. In how many
years can the invested amount be
recovered with the additional profit?
______
(Gate 2015)
41. The cost of two independent process
variable f1 and f2 affects the total cost CT (in
lakhs of rupees) of the process as per the
following function:
1000
𝐶𝑇 = 100𝑓1 +
+ 20𝑓22 + 50
𝑓1 𝑓2
The lowest total cost CT, in lakhs of rupees
(up to one decimal place), is ____
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42. A proposed chemical plant is estimated
to have a fixed capital (FC) of Rs.24 crores.
Assuming other costs to be small, the total
investment may be taken as to be same as
FC. After commissioning (at t=0 years), the
annual profit before tax is Rs. 10 crores/year
(at the end of each year) and the expected
life of the plant is 10 years. The tax rate is
40% per year and a linear depreciation is
allowed at 10% per year. The salvage value
is zero, If the annual interest rate is 12%, the
NPV (net present value or worth) of the
project in crores of rupees (up to one
decimal place) is __________.
(Gate 2016)
43.
Two design options for a distillation
system are being compared based on the
total annual cost. Information available is as
follows:
Option
P

Option
Q

Installed cost of
the system (Rs
in lakhs)

150

120

Cost of cooling
water for
condenser (Rs
in lakhs/year)

6

8

Cost of steam
for reboiler (Rs
in lakhs/year)

16

20

The annual fixed charge amounts to 12% of
the installed cost. Based on the above
information, what is the total annual cost
(Rs in lakhs /year) of the better option?
(A) 40
(C) 92

(B) 42.4
(D) 128
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44. Standard pipes of different schedule
numbers and standard tubes of different
BWG numbers are available in the market.
For a pipe / tube of a given nominal
diameter, which one of the following
statements is TRUE?
(A) Wall thickness increases with increase
in both the schedule number and the BWG
number
(B) Wall thickness increases with increase in
the schedule number and decreases with
increase in the BWG number
(C) Wall thickness decreases with increase
in both the schedule number and the BWG
number
(D) Neither the schedule number, nor the
BWG number has any relation to wall
thickness capacity
45. Terms used in engineering economics
have standard definitions and
interpretations. Which one of the following
statements is INCORRECT?
(A) The profitability measure ‘return on
investment’ does not consider the time
value of money
(B) A cost index is an index value for a
given time showing the cost at that time
relative to a certain base time
(C) The ‘six-tenths factor rule’ is used to
estimate the cost of equipment from the
cost of similar equipment with a different

The Gate Coach

46.
A vertical cylindrical tank with a flat
roof and bottom is to be constructed for
storing 150 m3 of ethylene glycol. The cost of
material and fabrication for the tank wall is
Rs. 6000 per m2 and the same for the roof
and the tank bottom are Rs 2000 and Rs
4000 per m2, respectively. The cost of
accessories, piping and instruments can be
taken as 10% of the cost of the wall. 10% of
the volume of the tank needs to be kept free
as vapor space above the liquid storage.
What is the optimum diameter (in m) for
the tank?
(A) 3.5

(B) 3.9

(C) 7.5

(D) 7.8

(Gate 2017)
47.
The cost of a new pump (including
installation) is 24,000 Rupees. The pump
has useful life of 10 years. Its salvage value
is 4000 Rupees. Assuming straight line
depreciation, the book value of the pump at
the end of 4th year, rounded to the nearest
integer, is ----------- rupees.
48.
The total cost (CT) of an equipment
in terms of operating variables x and y is
𝐶𝑇 = 2 x +

12000
𝑥𝑦

+𝑦+5

The optimum value of CT rounded to 1
decimal place, is _____
49.
A bond has a maturity value of
20,000 Rupees at the end of 4 years. The
interest is compounded at the rate of 5% per
year.
The initial investment to be made, rounded
of to the nearest integer, is ____Rupees.

(D) Payback period is calculated based on
the payback time for the sum of the fixed
and the working capital investment
(Gate 2018)
THE GATE COACH, All Rights Reserved
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50.
In the year 2005, the cost of a shell
and tube heat exchanger with 68 m2 heat
transfer area was Rs. 12.6 lakh. Chemical
Engineering index for cost in 2005 was
509.4 and now the index is 575.4. Based on
index of 0.6 for capacity scaling, the present
cost (in Lakhs of rupees) of a similar heat
exchanger having 100 m2 heat transfer area
is estimated to be
(A) 17.94
(C)20.94

(B)19.94
(D)22.94

51.
A furnace installed at a cost of Rs.24
Lakh is expected to serve its useful life of 5
years. Salvage value of the furnace is Rs. 8
Lakh. The interest rate compounded
annually is 8% . The estimated capitalized
cost (in Lakhs of rupees) is
(A) 30

(B) 34.09

(C)34.9

(D)58.09

52. The Annual Fixed Charges (AFC) and
Annual Utilities Cost (AUC) of a distillation
column being designed are expressed in
terms of the reflux ratio (R) as
AFC = 641 × R2 – 1796 × R +1287 + 1
/(R-1.16) AUC = 80+62.5 × R

The Gate Coach

(Gate 2019)
53. A taxi – car is bought for Rs 10 lakhs. its
salvage value is zero. The expected yearly
income after
paying all expenses and
applicable taxes is Rs 3 lakhs. The
compound interest rate is 9 % per annum
the discount payback period (in years), is
______________ (rounded off to the
next higher integer).

54. Consider two competing equipment A
and B for a compound interest rate of 10%
per annum in order for equipment B to be
the economically cheaper option, its
minimum life (in years) is ___________
Equip
ment

Capital
Cost
(Rs)

A
B

80,000
1,60,000

Yearly
operati
ng
Cost(R
s)
20,000
15,000

Equipme
nt life
(years)

4
?

(Gate 2020)
55. Annual capacity of a plant producing
phenol is 100 metric tons. Phenol sells at

The reflux ratio (Ropt) for optimizing the
total cost of the distillation column may be
found by solving

INR 200 per kg, and its production cost is

(A) 1282 Ropt -1796- 1/(Ropt-1.16)2=0

expenses is INR 30,00,000. Taxes are

(B) 62.5+ 1282 Ropt -1796- 1/(Ropt-1.16)2=0

payable at 18% on gross profit. Assuming

(C) 80 + 62.5Ropt+641 R2opt– 1796Ropt +
1287
+ 1/(Ropt – 1.16) = 0
(D) 80 + 62.5Ropt - 641 R2opt + 1796Ropt 1287 - 1/(Ropt – 1.16) = 0
THE GATE COACH, All Rights Reserved

INR 50 per kg. The sum of annual fixed
charges,

overhead

costs

and

general

the plant runs at full capacity and that all
the phenol produced is sold, the annual net
profit of the plant (in INR) is
(A)

1,39,40,000
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(B)

1,50,00,00

(C)

98,40,000

(D)

1,20,00,000
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