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ABSTRACT 
 

Surface water is used in cooling tower in many process industries like sugar, 
petrochemical, chemical and power generation. The discharge from cooling tower 
has considerable impact on the environment by way of emission of sensible heat to 
the atmosphere, discharge of the cyclic concentrated blow down water with 
chemical and evaporation losses. These effects have an adverse impact on the 
quality of the surface water and atmospheric air. A study was conducted in the 
cooling tower using second body water (E-II) condensate from sugar industries and 
D.M plant rinsing water as cooling water.  The main objective was to improve the 
cooling tower performance and to minimize the cooling tower water blowdown with 
low environmental impact. The study include capital and operating cost estimates, 
technical feasibility, conservation  of water and  energy as well as  reduced emission 
to the environment. The study indicated that second body condensate water is a 
fascinating and viable alternative for the cooling tower, resulting in a reduction of 
the make up water consumption and environmental impact. 

Key Words : Cooling tower, Blow down, Cyclic concentration, Rinsing water, 
Environmental impact      

 
INTRODUCTION 

In  India, cooling water is widely used in 
the chemical and process industries as well 
as in the power generation sector. In olden 
days mainly surface water was used as 
cooling water in cooling towers because of 
its abundant availability. Now a days the use 
of groundwater as a coolant is discouraged 
by governmental policy, since good quality 
groundwater    for    drinking    purpose    is  

becoming scarcer. Moreover environmental 
permits are required for both extraction and 
discharge of large amounts of cooling water.  
The use of surface water for cooling is 
almost exclusively related to the use in once-
through cooling systems and comprises 
nearly 95% of the total use.  The quality of 
the surface water monitored for a month 
during winter and summer seasons and is 
presented in  Table 1. 
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Table 1 : Surface water quality during summer and winter 

Water 
Parameter 

Summer(May-2008) Winter(Nov-2007) 
1st 

week 
2nd 

week 
3rd 

week 
4th 

week 
1st 

week 
2nd 

week 
3rd 

week 
4th 

week 
pH 6.94 7.11 7.18 7.26 7.06 7.08 7.02 7.12 
EC  968 970 1085 1305 767 769 755 764 
TH 550 590 630 680 300 280 320 330 
CaH 300 360 380 410 190 170 200 200 
MgH 230 250 250 270 110 110 140 130 
Chloride 100 135 156 156 56 64 70 71 
T.Alkalility 410 440 440 470 340 350 320 360 
SiO2 45 49 51 52 49 48 52 60 
 

The environmental impact related to the 
use and discharge of cooling tower water 
consists of : 
 Temperature level and soluble oxygen 

level are affected by the emission of heat 
from cooling towers resulting in 
disturbance of the natural surface water 
ecology. 

 Subsequent killing of live organisms 
(microorganisms, fish etc.) because of 
the cooling tower blow down water. 

 The discharge of conditioning chemicals 
used to prevent biological and physical 
fouling of the cooling system (e.g. 
biocides, dispersing agents and 
anticorrosive, or their degradation 
products).  

 The contamination of surface waters by 
chemicals used in cooling water leaking 
into the surface water. Data available 
from water quality authorities reveals 
that leakage of chemicals from shell and 
tube heat exchangers into once-through 
cooling water systems could add up to 
several hundreds of tons of chemicals per 
year (oil, aromatics, organchlorine). Heat 
exchanger failure may be caused by poor 

design, poor quality fabrication, off-
design operation and insufficient 
maintenance. 

Objectives of the study 
The Indian governmental policy, as laid 

down in the Policy Document on Water 
Management, requires the reduction of 
emissions into the surface water, preferably 
by preventive action. However, apart from 
environmental aspects, the selection of a 
cooling system in practice is determined by 
considering the following constraints, the 
process, lay-out, availability of water and 
economical factors.  

The objective of this paper is to compare 
the technical feasibility, the environmental 
impact, and the capital and operating costs of 
alternative cooling water systems in order to 
select a system with minimal emissions to 
the environment.  Based on these needs, the 
following three different cooling water 
systems were implemented and evaluated : 

1. Raw water from bore well 
2. Second body water (E-II) condensate 

from sugar plant 
3. Rinsing water from DM plant 



Journal of Environmental Research And Development Vol. 3 No. 2, October-December 2008 

517 
 

The  cooling water flow system  of the 
cooling tower is shown in Fig. 1.  Fig. 2 
shows the generation of the second body 

water in a sugar plant and its utilization in 
cooling tower.  The waste heat rejected is 
utilized for boiler feed water heating. 

 
 

Fig. 1 : Cooling Water flow system 

 
Fig. 2 : Schematic diagram of second body water usage in a power plant. 
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Cooling tower performance 
The important parameters were 

considered for the performance of evaluation 
of the cooling tower. They arranged in 
approach, cooling tower effectiveness, 
cooling capacity, evaporation losses, Cycle 
of concentration (COC), Blow down and 
liquid/gas ratio. In this analysis cooling 
tower was operated for 20 days with three 
different type of water and performance of 
the cooling tower was monitored.  
Second body water (E-II) from sugar 
plant 

Instead of using raw water  E-II water 
from sugar plant was used for cooling tower  
makeup. The only constraint in using E-II 
water to cooling tower is the organic load 
present in it.  E-II water contains lot of 
organic material which has to be destroyed in 
circulating water to avoid algae flair up in 
cooling tower. The most critical parameter to 
be monitored while using E-II water as 
cooling tower make-up is the free residual 
chlorine (FRC) maintained in cooling tower. 
At least 0.3ppm of FRC to be maintained in 
circulating water to avoid biological growth 
in circulating water. Around 35m3/hr of E-II 
water is supplied from sugar plant .E-II water 
from sugar plant will first pass through the 
feed water heat exchanger and then to the E-
II Storage tank. The E-II Storage tank is of 
the capacity 240m3. The temperature drop of 
E-II water in the storage tank from 60°C to 
42°C is supplied to the cooling tower.  It is 
shown in Fig. 2. 
Rinsing water from DM 
(Demineralization) plant 

DM water is mainly used in  boiler for 
steam generation. The quality of the DM 
water is pure and all dissolved solids are 
removed during the operation. During 

generation and regenerating time of DM 
plant the rinsing water was collected. The 
rinsing water quality is similar to DM water. 
The quantity of water collected from the 
plant is about 10-15 m3/day and depends 
upon the DM plant load condition and 
surface water quality.    

RESULTS AND DISCUSSION 
1. Reduction in Raw Water make-up  
     The usage of E-II water as make-up in 
cooling tower reduces the raw water 
pumping from bore well (surface water) by 
840 m3/day. The pumping cost per m3 raw 
water from bore well is Rs 0.60.  This 
resulted in a saving of Rs. 540 in pumping 
cost. 
2. Reduction in Effluent Discharge in 
cooling Tower 
      Due to usage of E-II and rinsing water as 
cooling tower make-up the cycle of 
concentration is increased to 6 from 2.5 of 
raw water make up.  As a result of the above 
measure the blow down water generation 
from cooling tower has reduced from 1000 
m3/Year to 300 m3/Year. Reduction in 
effluent water discharge from cooling tower 
is 700 m3/Year.  
3. Reduction in effluent discharge (Sugar 
Plant) 
      Due to usage of E-II as cooling tower 
make-up the same quantity of water 
discharge as sugar plant effluent is being 
reduced. 840m3/day effluent is reduced from 
sugar plant. 
4. Excess power generation in Turbine 

 Using E-II water and rinsing water as 
cooling tower make up reduces the salt 
concentration in the cooling tower 
recirculation water. As the salt concentration 
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of E-II and rinsing water is similar to the 
distilled water, the maximum salt 
concentration in the circulation water is far 
below the value when using raw water as 
cooling tower make-up. Due to this, the 
scaling, corrosion and biological growth 
tendency of circulating water in the cooling 
tower is very much reduced. As a result of it 
the condenser tubes will have maximum heat 
transfer and also the exhaust steam to 
condenser will have 2°C less than 
considering the raw water as cooling tower 
make-up. 

Scaling, Corrosion and Biological  fouling 
In the raw water circulation more 

amounts of scaling, corrosion and biological 
fouling accrued in the condenser, heat 
exchangers and in has side the cooling tower 
cells.  It has affected the heat transfer rate 
and block the condenser and heat exchanger 
tubes. It is shown in Fig. 3. Scaling, 
corrosion and biological fouling are reduced 
to a greater extent when E-II and rinsing 
water are used and result in improved heat 
transfer rate and cooling tower performance. 

Fig. 3 : Scale, Corrosion and Biological Fouling in heat exchangers 

Cooling Tower Performance 
        Performance of the cooling tower was 
monitored using three different type of 
cooling water. The cooling tower efficiency 
was higher in E-II and rinsing water 
operation compared with raw water 
operation. In raw water operation the cooling 
tower efficiency was 43%.  But in E-II and 
rinsing water operations the cooling tower 
efficiency was found to be 51% and 58% 
respectively.  
         The sink temperature in cooling tower 
was reduced to 2°C compared with raw water 
operation.  In raw water operation the sink 

temperature was 36°C. But using E-II and 
rinsing water the sink temperature was 35°C 
and 34°C respectively.  Similarly the 
condenser inlet steam temperature was also 
reduced and resulted in improved turbine 
efficiency. The cooling tower performance is 
affected by temperature drop in cooling 
tower and turbine exhaust steam temperature.  
Higher temperature drop (T) and lower 
turbine steam temperature improves the 
cooling tower efficiency.  From Fig. 4 to  
Fig. 6 it is evident that E-II and rinsing water 
operations provides improved cooling tower 
performance. 
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Fig. 4 : Cooling tower Sink Temperature 
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Fig. 5 : Condenser Inlet Steam Temperature 
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Fig. 6 : Cooling tower efficiency 
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In Rinsing water operation Holdup Time 
Index (HTI), T and Cyclic Concentration 
(CC) were increased and Blow down rate 
was reduced  compared with other two 

operations. The efficiency of the cooling 
tower was 15% higher than that of for Raw 
water operation. A parametric comparison is 
presented in Table. 2.  

Table.2 : Parametric comparison of  cooling tower  for different types of cooling water 

Parameter 
Cooling water type 

Raw Water Second Body 
Water Rinsing Water 

Recirculation rate(m3/hr) 5800 5800 5800 
Hold up(m3) 3000 3000 3000 
T (°C) 6 7 8 
Evaporation Rate(m3/hr) 62.52 62.52 62.52 
Cycles of concentration 2.5 5 6 
Blowdown /Day 41.68 18.43 12.50 
Blowdown/Year 1000.38 442.32 300.12 
Makeup/hr 104.21 82.15 75.03 
Holdup Time Index(HTI) 49.50 137.45 166.26 

  
1. Chemical Consumption in cooling tower 

Chemicals were added in cooling tower 
operated with raw water to control corrosion 
and biological activity.  Anti-corrosion 
chemicals include tolyltriazole, glycols, 
alcohols, and organic acids.  Heavy metal-
based corrosion inhibitors are now not 
widely used due to the risk of environmental 
harm if discharged. Biocides used to inhibit 
the growth of potentially harmful bacteria, 
algae and fungi include glutaraldehyde, 
hydantoins, isothiazolones, quaternary 
ammonium compounds and carbonates.  But 
in E-II and rinsing water the chemical 
consumption was drastically reduced and the 
blow down water was recycled during the 
process . 

CONCLUSION 
Cooling towers using E-II water and 

rinsing water are more efficient and eco-
friendly than those using raw water for the 
following reasons : 

              
1. Raw water consumption of the cooling 

tower was reduced by 700 m3/year.  
2. Effluent from sugar plant of the order of 

840m3/day was utilized for the cooling 
tower. 

3. 10-15m3 of rinsing water was utilized in 
cooling tower in every day. 

4. Turbine efficiency was increased due to 
decrease in condensate inlet steam 
temperature. 

5. Chemical consumptions were reduced. 
6. Better heat transfer was resulted in the 

condenser and heat exchanger. 
7. Holdup Time Index (HTI) and Cyclic 

Concentration (CC) were increased. 
Also some draw back using the E-II and 

rinsing water are : 
i. E-II water is available only during the 

crushing seasons.  During off season the 
Sugar plants will not be operated due to 
almost nil sugarcane inflow. 
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ii. Continuous monitoring of E-II water  
quality is required during the sugar plant 
operation.  If Sugar traces is more its pH 
value is reduced to below 5 (>7-
Accidity). 

iii. Sufficient Quantity of rinsing water is 
not from the DM Plant. Normally 10-15 
m3/day of rinsing water is collected form 
the DM plant which is not sufficient for 
the cooling tower operations. 
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