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Abstract- The main objective of the project is to reduce the energy consumption and additional costs related to the centralized 
air conditioning system used in the Captive Power Plant. One of main aims of this project is to suggest a cost effective 
modification which would result in a quicker payback to the company for its investment in the modification. As the motto of 
the project is energy and resource conservation, the modification we suggest does not include any new power source or 
technologies introduced to improve the efficiency, instead, using the already existing technologies and resources effectively to 
the maximum. 
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I. INTRODUCTION 
 
Energy conservation and cost reduction are two 
important aspects that a company always strives for. 
Air conditioning contributes to a considerable part of 
energy consumptions in industries. To make the air 
conditioning in industries more efficient, the systems 
are modified to use the available energy obtained from 
various forms of energy that are given out by the 
industry’s main process ( the excess thermal energy 
available at a thermal power plant in the form of 
steam). On such system is the VAR.(vapour 
absorption refrigeration system). Each time when a 
company adapts a new plant or system it installs it 
with all its auxiliary components(e.g. Cooling towers, 
softening plants) required for its functioning provided 
by the manufacturer ,but in some cases they will not be 
necessary as the required resources can be present in 
the company unutilized. Usage of this unutilized 
resources available in the company and cutting down 
the expenses of installation, usage and maintenance of 
new auxiliary systems. At Chennai Petroleum 
Corporation Limited (CPCL) an Integrated refinery 
producing fuel products, lubricants and additives at 
Manali , Chennai. One such energy conserving 
opportunity by utilizing the untapped unutilized 
resources available in the company itself to give a 
solution that makes  is energy efficient and cost 
effective for the company to implement.  
 
II. PROBLEM IDENTIFICATION 
A. AT CPCL(Chennai petroleum corporation limited 
) Chennai on studying the plant for methods of 
conserving energy by tapping unutilized resources 
available. 
There are currently 6 VAR ( vapour absorption 
refrigeration plants ) operating each with a separate 

auxiliary cooling water system of a minimum needed 
capacity for the functioning of the VAR plant . These 
cooling towers have a separate water softening 
plant.This plant has been designed to supply soft water 
having hardness less than 5 ppmto auxiliary cooling 
water make up and air conditioning unit cooling tower.  
Each of the VAR plants operating auxiliary systems 
are 
a) Cooling tower – the separate cooling tower for each 
VAR plant. 
b) Softening plant 
c) Pumps operating for the functioning of the cooling 
water circuit 
 
III. MODIFICATION LOCATION 
 
The VAR system that operates with the steam 
generated from the captive power plant (CPP) at 
CPCL (Chennai Petroleum Corporation Limited) has a 
unique possible energy conservation opportunity. 
 
The cooling tower that is used for the main process 
cooling at CPP is CT-4 with specifications 
 
Cooling tower location            : P & U – II 
Year of commissioning           : 1993 
Type of cooling tower   : Mechanical Induced Draft 
Cross Flow Tower 
Material type of cooling tower: Timber 
Type of Basin  : RCC 
Circulation Rate (M3/hr.)              : 7400 
System Hold-up in M3                          : 3000 
System Hold-up in minutes         : 22 
Design cooling range(ΔT)οC         : 6 - 8 
 
Basic requirements of CPP = 6690 m3/min 
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B. Unused excess capacity of cooling tower CT4  
The cooling water from tower CT-4 was found to be 
excess when calculated. The excess cooling water was 
left unused and its energy untapped. 
Design flow rate    - 7500 m3/min 
Actual flow rate     - 7400 m3/min 
Pump        ( x2nos)- 3200 m3/min 
Generator( x2nos)-     95 m3/min 
( x2nos)-     50 m3/min 
                                 2x 3345 
 =  6690 m3/min 
Excess flow rate = Actual flow rate – calculated flow 
rate  
             = 7400 – 6690 
             = 710 m3/min  
Extra Design Flow rate of cooling tower Ct 4 is 20%  
The cooling tower capacity of 7400m3/min is designed 
initially with a 20% extra capacity for reserve. This 
extra capacity is often unutilized other than in the full 
load condition of the captive power plant. 
 
 
DURING FULL LOAD CONDITION OF THE 
CAPTIVE POWER PLANT: 
Even if the captive power plant is set to run at full load 
which will require the cooling tower CT4 running in 
full capacity and utilizing the extra 20% of reserve 
capacity. During this condition too there is still excess 
capacity to be utilized, this is because the initial design 
flow rate was a lot higher than the requited full load 
capacity keeping the Fouling Factor of the raw water 
used in the cooling circuit ( initially without the water 
softening plant installed ).  
 
While any Plant is in operation (having cooling water 
circulation), A factor called fouling comes to play. 
Fouling means a layer of quoting between the heat 
transfer surfaces. This will not allow heat transfer to 
take place between the medium. That means heat will 
not get transferred to the cooling water. If cooling 
water temperature is not raising then the work of the 
cooling tower will come down. When any exchanger 
is fouled that means the inner diameter of the tube is 
reduced, i.e. area through which the water flows will 
be reduced. That is flow rate. Hence the cooling water 
flow rate will be reduced. 
 
To overcome this fouling factor of the raw cooling 
water initially the head flow rate of cooling water was 
increased to minimize the effects fouling in the 
cooling circuit. 
 
Once the Cooling water ‘softening plant’ was installed 
for  the cooling tower CT4 , the fouling factor for now 
reduced drastically making the capacity to overcome 
the fouling effects but additional flow rate as an excess 
or extra untapped capacity of the cooling tower CT4.  
 
Hence there is untapped excess capacity of cooling 
tower at both full load and partial load conditions of 

the captive power plant making this capacity as a 
useful resource that can be utilized for any useful 
functioning of other systems and use the available 
energy utilized effectively. 
 

 
 
COOLING WATER SPECIFICATIONS 
 Inlet temperature- 32 to 35 deg. C 
 Outlet temperature- 37 deg. C 
 Pressure – 2 to 7 Ksc (ie.) 140 m3/hr. 
 Fouling factor – 0.0002m2deg.C/Kcal 
 For satisfying the above mentioned cooling water 
specification, the separate cooling tower is installed. 
This cooling tower has, 
 Cooling tower Fan    = 5.5 KW/hr. 
 Cooling water circulating pump1 = 7.5 Hp  
= 5.5KW/hr. 
 Cooling water circulating pump2 = 2.5 Hp 
      = 1.862 KW/hr. 
                               TOTAL  = 12.862 KW/h 
 
C. Existing Plant lay out at location of VAR plant 
 

 
Fig1. Original layout of VAR plant and cooling water line 

 
The CPP cooling water circuit’s main supply and 
feedback line are located 10 meters away from the 
VAR plant and 3 meters below ground level. As we 
know that there is extra unused quantity of cooling 
water flowing through this line, this can be tapped and 
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used for the purpose of cooling of the VAR plant. The 
cooling tower capacity of 7400m3/min is designed 
initially with a 20% extra capacity for reserve. This 
extra capacity is often unutilized; this is the excess 
capacity we are to use for our VAR systems cooling 
purpose. 
 
Other than the excess reserve capacity of the cooling 
tower available, the initial design flow rate of cooling 
water was in excess than the required keeping in mind 
the fouling factor of the raw water initially used for the 
cooling purpose of the captive power plant in 1993, 
but once the softening plant was installed for the 
cooling tower CT4 the fouling factor is reduced 
drastically. Hence the Flow rate available in the 
cooling tower is in excess and can comfortably 
channelized for the cooling capacity of the VAR plant. 
 
D. Suggested modification 
 

 
Fig. Modified layout of VAR plant and cooling water line 

 
In order to save the energy consumed by this cooling 
tower, we suggest a simple modification in the plant’s 
layout by channelizing a small amount of cooling 
water from the main cooling tower CT-4 which is 
mainly used for theCPP (Captive Power Plant). This 
modification will help in reducing the power 
consumed by the cooling tower and its related entities. 
The overhead expenses (maintenance, service, 
inspection and water treatment) related to that cooling 
tower is also cut down. The excess cooling water from 
the main cooling tower (CT-4) can be used to cater the 
requirement of this VAR system. By changing the 
layout of the cooling water line, the cooling water 
from CT-4 can be made to reach the VAR system. 
 
The existing special cooling tower can be scrapped as 
even during the full load condition of the CPP plant 
the cooling tower CT4 will have a 20 % extra load 
running capacity as its designed with an excess load of 
20% always in industries as a backup, out of which we 
r going to use a very small amount (less than 1 %) for 
the VAR system. This Tapping of the cooling water 
will not affect the flow rate of the cooling water being 
supplied to CPP. 
 
This modification also does not require any new 

circulating pumps to be installed as the head produced 
by the cooling tower CT4’s circulating pump is more 
than sufficient to maintain the required head flow of 
cooling water to the VAR plant.  
 
E. Method of modification 
The cooling water line going to the CPP must not be 
suspended even for a short period of time as it may 
require an entire plant shutdown of all the systems that 
are depending on this cooling tower CT4 for the 
cooling process. This may result in a huge loss to the 
company even if it’s done for a short duration. 
 
To overcome this hurdle, we suggest a cost effective 
and simple method for this modification to be carried 
out, atthe same time without suspending any ongoing 
operation in the refinery; this suggestedmethod is ‘Hot 
tapping’. 
 
Hot tapping, or pressure tapping, is the method of 
making a connection to existing piping or pressure 
vessels without the interruption of emptying that 
section of pipe or vessel. This means that a pipe or 
tank can continue to be in operation whilst 
maintenance or modifications are being done to it. The 
process is also used to drain off pressurized casing 
fluids 
 
Basic procedure for hot tapping 
 Install fitting and valve on existing pipeline 
  Install hot tap machine 
  Perform hot tap through the open valve(special 
device retains the ‘coupon’ removed during the 
operation) 
 Cutter assembly retracted 
  Hot tap valve closed 
 Hot tap machine removed to allow 
 connection to new pipe 
 
F. Cost of modification 
 

Materials 
Required    

Detail Cost in Rs / 
meter Quantity Total 

Cost 

6"inch Pipe 2000 30 60,000 

6"90 Elbow 1500 2 3000 

6"150 gate 
valve 29000 3 87,000 

6"Equal 
Tee joint 1800 2 3,600 

6" flange 1750 6 10,500 

  Total Rs1,64,
100 
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Cost of Welding   

total welded joints 
required = 18 

each joint 
diameter= 6"  

Charges for 1 inch 
diameter (in Rs) 

Total inches 
to be welded 

Total cost of 
welding (in 

Rs) 

328 18 * 6 = 108 35424 

 Total 35425 

 
Total  Cost       

of 
Hot Tapping    

a) Labour:    

 
wages/day 

(in Rs) 
Number of 
personals 

Total 
Expense 
(in Rs) 

skilled man 
power 527 1 527 

Semi-skilled 
man power 478 2 956 

Unskilled 
labour 433 3 1299 

  Total 2782 

Overhead expenses (in RS) 

 
 
80% of 
labour cost 

=20%profit share+25%mobility 
charges+55% balance over head 

0.8*2782  
= 2225.6 

 
  

Profit share  
0.2*2225.6= 445.12 

  
Mobility charges 
0.25*2225.6= 556.4 

  

Balance overhead expenses 
0.45*2225.6= 1001.52 
  

 
Total Cost  for modification = 

Material cost + Welding cost + Cost of Hot Tapping 

= 164100     +       35424         +     50076 

= Rs 2,49,600 

 
G. Energy to be conserved 
Energy consumed per hour for the specialized 

coolingtower: 
 Cooling tower Fan    =  5.5 KW/hr. 
 Cooling water circulating pump1 = 7.5 Hp  
= 5.59KW/hr. 
 Cooling water circulating pump2 = 2.5 Hp 
                         = 1.862 KW/hr. 
                              TOTAL    = 12.95 KW/h 
 
Energy consumed per day: 
12.95 * 24 = 307.2 units / day 
 
Industrial power rate in Chennai (manali) at CPCL: 
                          = Rs 5.50 / unit 
Cost of power consumed per hour= 12.95 * 5.50 =Rs 
71.225 
Cost of power consumed per day = 71.225*24 = Rs 
1709.4 
Cost of power consumption per month: 
          = 1709.4 * 30 = Rs 51,282 
Cost of power consumption per year: 
                         = 51282 * 12 = Rs 6,15,384 
H. Overhead costs to be reduced 
Cooling water softening +filtering plant operating cost 
/ day  
= Rs 200 + Rs 50 
Cooling water softening +filtering plant operating cost 
/ /month= Rs7500 
Maintenance for the cooling water system / month 
                                                                                        
= Rs 10000 
Total overhead cost due to operation of the special 
cooling tower for the VAR plant / month = 7500 + 
10000 = Rs17500 
 
Total overhead cost due to operation of the special 
cooling tower for the VAR plant / year = 17500*12 = 
Rs 2,10,000 
 
I. Total cost to cut down by the modification 
(Cost of power consumption per year+Total overhead 
cost due to operation of the special cooling tower for 
the VAR plant/year) = 6,15,384 + 2,10,000=Rs 
8,25,384 
 
J. Payback period of the modification : 
Savings for the company due to the modification is 
summed up to obtain the definite payback period for 
the company’s investment in this proposed 
modification  
 
A) Savings in the power consumed : 

 
Power rating 

Power 
consumed/ day 

a) 
coolin

g 
tower 

fan 5.5 KWh 5.5 units 
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b)coo
ling 

water 
pump 
1 (7.5 

hp) 5.59KWh 5.59 units 
c) 

coolin
g 

water 
pump 
2 (2.5 

hp) 1.8 KWh 1.86 units 

 

power consumed per 
hour = 

 
 

12.95 units 

 

Cost of industrial 
power 

= Rs 5.50 / unit 
 

 

cost of power 
consumed per hour 

12.95 * 5.50  
=Rs 71.225 

 

cost of power 
consumed per day 

71.225 * 24  
=Rs 1709.4 

 
B) Savings in the water treatment cost : 

2) water treatment 
for cooling tower 

  

 a) water 
softening  

Rs 200 
/day 

 b) water 
filtering 

Rs 50  
/day   

 
 C) Saving in the Exemption of cooling tower regular 
maintenance: 

3) Cooling 
tower 

Maintenanc
e 

 
average cost per 

month  

 
Rs10000 

 average cost per day = Rs333.3
3 

 
D) Total savings for the company and the payback 
period for the cost of investment on the modification 
project proposed: 

 

K. Results of efficiency (VARplant) 
The VAR plant installed is a double effect VAR plant 
which has an improved COP due to its design, does not 
get affected as we supply the required cooling water 
temperature using an appropriate cooling effect 
capability. 

(i)						co− ef icient	of	performance	(COP) 
                 COP is given by = Heat abstracted/ heat 
supplied 
=

h h

(h h ) (h h )
(1) 

 
(ii)Pump	work	(w) 

                Pump work is given by 

W =
(µ + 1)M 	(P − P 	)V 	m

kg  

               Where P6 is in KN/m2 

 
The COP is not affected until the Heat abstracted using 
the cooling water is maintained at the required flow 
rate and the inlet cooling water temperature is 
maintained at the required value always. Both the 
above two conditions are always maintained in the 
modification we proposed as the cooling capacity and 
head flow of the cooling tower CT4 is actually better 
than the auxiliary cooling tower that is present.   
 
CONCLUSION 
 
The case study at Chennai Petroleum corporation 
limited in Study and analysis of centralised air 
conditioning VAR plants and reducing energy 
consumption thereby reducing the operating cost by 
rerouting the plant layout could be done by on a 
minimal cost and would result in cutting down of a lot 
of unnecessary expenses for the company on using 
such auxiliary systems for separate working units like 
the Vapour Absorption Refrigeration plant.     
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