
AIMS Environmental Science, 9(3): 298–308.
DOI: 10.3934/environsci.2022020
Received: 13 February 2022
Revised: 02 April 2022
Accepted: 26 April 2022
Published: 13 June 2022

http://www.aimspress.com/journal/environmental

Research article

Water saving in thermal power plant by use of membrane filter in

cooling tower treatment

Chetan Dhokai1,*, Ritesh Ramesh Palkar2 and Vicky Jain3

1 Department of Chemistry, Marwadi University, Rajkot-360003, Gujarat, India
2 Department of Chemical Engineering, Marwadi University, Rajkot-360003, Gujarat, India
3 Department of Chemistry, Marwadi University, Rajkot-360003, Gujarat, India

Correspondence: Email: chetandhokai2010@gmail.com; Tel: +919687668866.

Abstract: A study was carried to investigate by placing a side stream filter in a cooling tower to
observe the water conservation in the system. For any coal based power plant cycles of concentration
plays important role for water conservation. The cycles of concentration in cooling tower was
increased by installation of membrane system. The drain of the side stream filter was disposed to
effluent treatment plant (ETP), while the filtered water will be recycled to the cooling tower inlet.
The water parameter was measured by using various flow rates, pressure, and other factors.
Significant water savings were demonstrated in the pilot. Maximum make-up water and outflow
were both reduced by 14% and 48%, respectively. To save the most water, permeate recovery must
be as high as possible. Water savings were minimal due to silica scaling on the membranes. Selected
membranes are capable of lower total dissolved system (TDS) rejection than the 88% of total
required membranes in the primary study, which might help to save water. The increased energy
consumed by membrane treatment was compensated for by lower water outlays. To prevent scaling
antiscalent chemical with chemical dosing system was installed along with membrane system.
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1. Introduction

Freshwater availability is under threat in several parts of the globe. More than 50% water in US
and European nation are used in Power generation [1]. It is exacerbated by urban growth and
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industrialization, as well as global warming and drought. The large amount of water is required for
coal-based thermal power plants. The maximum amount of water is used in a cooling tower. The
stock of fresh water decrease day by day for cooling tower in thermal power plant [2].
Thermoelectric power plant consumes the water around 3 billion [3]. As freshwater supplies get
scarcer, freshwater use will become more competitive and more costly. Water disposal charges may
also apply. It is essential for the power-producing industry to find techniques to reduce emissions.
And to conserve water.

By decreasing water use and increasing the efficiency of the cooling tower may allow power
plants to expand their operations. As a result, freshwater makes up requirements and blowdown
water discarding is minimized. A thermal power plant can be benefitted by optimizing water
consumption in cooling towers. Recirculation of wet cooling tower is operated at its maximum
efficiency of around 40% in the thermal power plant. During continuously water circulation is in
condenser tubes, the TDS also increases with increase different parameters like conductivity,
chlorides, silica, hardness, etc. [4].

As the TDS reaches to set value the blowdown is carried out from the system and then
freshwater is added to the system to maintain the water level of sump. The system is depicted in
Figure 1. There are two parts of the water system: makeup water and blowdown to avoid the
formation of scale, higher salt concentrations use of a side-stream filter can aid in the reduction of
scale growth and water consumption. As a side stream filtration higher TDS blowdown water
treatment-hardness as calcium and magnesium controlled by brine concentrators and lime treatment.
In the lime using lime in the process magnesium will be precipitated in the form of magnesium
hydroxide and calcium will precipitate as calcium hydroxide as a make-up, pH-adjusted, clean,
filtered water is added. This method does not remove sodium, potassium, sulfate, or chloride. Drift
losses and sludge discharge are examples of softening. Brine concentrators control blowdown at the
San Juan Generating Station[5]. The brine concentrator, according to studies, recovers roughly 98%
of the water in the brine, the incoming tide. Membrane based system consume less amount of energy
than compared to thermal desalination [6]. Desalination membrane technologies are extensively used
and discuss in depth. The use of chemical treatment in cooling tower can be greatly reduced by used
of nano filtration[7]. In desalination membrane technology, there are multiple types of membrane
filters available in the market. Based on the particle size membrane filter will be selected. Like
micron filter-5µ, ultrafilter-0.01µ, Nano filter-0.001µ, and RO filter-0.0001µ pore size membrane.
The TDS removal capacity and energy requirements of these pressure-driven membranes are listed in
decreasing order of removal capacity to maximum removal capacity, with RO needing the most
energy [8]. The equation can be simplified by removing monovalent ions. The bulk of the time, NF
rejects multivalent ions. Thin-film composite (TFC) membranes may be used to make both RO and
NF membranes. An absorbent substrate, for example, layered with a slim polymer layer Polyamide is
a polymer that may be used to make a variety of products

They are non-porous due to the lack of a well-defined pore structure, allowing them to reject
organisms with low molar masses. When selecting the best membrane for a certain application, the
properties of each membrane must be thoroughly examined. Recovery rates for brackish water are
50% to 90% and sea water are generally 35% to 60% [9]. A side stream is installed with the
cooling-tower water. Some amount of water is filtered through a membrane system, which removes
hardness that dissolves in the water. The filtered water is recycled with tower makeup water. The
wastewater with higher concentrations has been released and disposed of. The volume of blow-down
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water can be reduced by the application of a side stream filter system. The concentration must not
rise suddenly or keep well below the specified limit [10]. The system is depicted schematically in
Figure 1 projecting computations indicated that the optimal choice was ultra pure water (N90 percent
chemical purity). The main motive of this study is to explore the result of pilot research to determine
to conserve water by placing side stream filters [11]. The information gathered throughout the study
will be analyzed to assess membrane performance and possible water savings [12]. The cost-benefit
analysis is also included. This report outlines pilot research that was carried out to see if the process
of cooling-tower treatment by membrane leads to water saving [13]. The study was conducted over
three months from January 2020 to March 2020. The pilot data is analyzed to evaluate memory
performance, measured water savings, and prospective water savings. The water source is river water.
River water is used in the cooling tower for makeup. Water from the forebay enters the cooling tower
and circulates through condenser tubes and returns back to the forebay. The water quality of
circulating water is analyzed and conductivity is kept below 1300 us/cm to avoid scale and corrosion
in condenser tubes. Cooling tower cooling capacity is 298 tons with a flow of 3.3 m3/min. Normal
cooling water treatment is for prevent scale formation and corrosion . Organic phosphate (HEDP) is
utilized to control calcium precipitate and a terpolymer was used for dispersion of calcium and silica
precipitate and to prevent settling and clumping [14]. The Cooling tower water treatment chemicals
are supplied by vasu chemicals with product names HD-60, PB-50, Scacil-4254, and special-4254.
Figure 1 shows a schematic diagram of the experimental study. Small size water pump drew water
from the forebay and kept it in the circulation path of the scheme. Which as soon as the water was
passed by dual media filters, one meant to remove small size particles and the other an activated
carbon filter designed to remove certain organic pollutants and free residual chlorine. To remove
particles, water was cycled from the media filters via a 20-inch dia, 50 m filter, and 1 m micron
cartridge filter. The antiscalant dosing is done between the membrane system and cartridge filter by
chemical dosing pump [15]. According to the seller product sheet, it suppresses feed water hardness
scale and colloids in the membrane, such as SiO2, CaSO4, Ca3(PO4)2, and CaCO3. As the water
reached the elements, a high-pressure pump (5 HP) pressurized it. The membrane system was made
up of each six-element array with two parallel line vessels that were identical. Each array included
six 2.5 inches. Components in sequence, each housed in a single SS pressure vessel. KOCH TFC®
softening membranes were utilized as the elements. These elements were chosen because they have
capable of 90 % chloride and 98.5 % calcium and magnesium hardness rejection and are
low-pressure elements. As stated in the introduction, the goal was to find a membrane that would
consume the least amount of energy while yet rejecting maximum TDS. The permeate water flow
was recycled to the forebay sump, while they reject water flow was released into the effluent water
treatment plant. The main parameters like pressure and temperature analog meters were used online .
Conductivity & flow rates were continuously measured using digital meters installed. The pressure
gauge was installed at feed water, at reject line and between the two arrays of membranes Flow rates
were monitored from the forbay sump (XT), recycling flow (XR), combined feed water (XT +XR),
permeate water (XP), and reject water flow (XC).

2. Materials and methods

From 05 July 2020 to 28 November 2020, the pilot trial taken in operation. By 12 August 2020,
the system was thought to be stable. Throughout the pilot trial operation, samples has been analyzed
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on a regular basis. At the start of operations, sampling was done three times a day, but it was reduced
to once or twice a week after the system had stabilized.

Figure 1. Schematic diagram of nano filtration system.

Several times during the pilot, the membranes were cleansed. To begin, a base washing with
caustic solution and Alconox was conducted to achieve pH from 10.5 to 11.0. After getting a pH,
circulate solution in the system up to 30 minutes. The base wash was followed by an HCl acid
solution wash with a pH of around 2. During the base wash acid solution pH was measured on a
regular basis to monitor the acid's neutralization [16]. The solution pH increased up to 5 and 6 during
circulation, more hydrochloric acid has been added to bring it back down to 2. When circulated acid
solution could not much more be neutralized, then it has been judged that cleaning is completed by
this procedure by it max.capacity of efficacy and it was discontinued [17]. To evaluate potential
scalants, they were inspected visually as well as through SEM-X-ray Spectroscopy principle. The
two types of instrument were used are energy dispersive X-ray spectroscopy and scanning electron
microscopy.
Cations:.The cations which are determined by inductively coupled plasma mass spectrometer are
calcium, sodium, potassium, magnesium.
Anions: Most anions (e.g. sulfate, chloride, fluoride, orthophosphate, bromide, and nitrate) was
analyzed by column ion chromatograph-Make: dionex, model no. ICS 2100 with RFIC Ionpac AS18.
pH:Water sample pH was checked by WTW-720 pH meter.
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Conductivity:Water sample conductivity checked by WTW-3210 conductivity meter.
Turbidity:Water sample turbidity checked by HF scientific-Micro 100 turbidity meter.
SiO2: Silica was checked by Hach DR2400 spectrophotometer method- silicomolybdate technique
(Hach Method 8185). Polymerized silica cannot be detected using this technique. At room
temperature, samples were kept and measurements were taken.

Feed spacer Images and membrane surface were obtained by scanning electron microscope
(SEM)-Zeiss Supra 55VP using. The relative amounts of inorganic components in the deposits were
determined using energy dispersive spectroscopy (EDS).

3. Data examination

The water passing by membrane (R) is calculated by following equation:
R1 =XC/XT (1)

Where x denotes flow rates , C denotes concentrate and T denote cooling tower flow stream. In
order to determine total recovery, stream from the CT was employed as an alternative of the
combined feed water flow of membrane components.

Table 1. System description of cooling tower with flow and mass calculation.

System description Flow calculation Mass calculation
Normal cooling tower (without using membrane filter) Xm =Xe +XBD XmCm =XBDCT

Cooling tower using side stream and membrane and
blowdown

Xm =Xe +XBD +XC XmCm =XBDCT +XCCC

Cooling tower using side stream and membrane and
zero blowdown

Xm =Xe +XC XmCm =XCCC

Table 2. Various types of water data in m3/d.

Outline of Water
data m3/d

Recycle
water

Permeate water Cooling tower water Feed water Concentrate
water

Average flow 19.3 2.2 8.4 27.6 6.3
Standard deviation 6.8 1.7 2.8 8.1 1.5
Minimum 8.8 0.1 3.8 12.6 2.8
Maximum 36.1 9.4 18.7 44.3 9.8

Calculated water savings by XM and CT data comparison, which was collected during the
pilot's operating month (August 2020) to same month of prior year (August 2018). As a control,
performance comparison between July 2020 (just before to the pilot trial run) and July 2018 & 2019,
avg. & max. Temperatures also compared for these months, since the greater the temperature, chance
of rain is higher.

The bulk w were calculated using the specific conductivity obtained using a conductivity probe
(rather than in-line meters) (as opposed to w for specific solutes). Theoretical water savings were
calculated using flow and mass-balance equations (Table 1). For XM and XC values, CT and pilot
trial run flow-rate data were employed. Conductivity was set to 1400 S/cm, the cooling tower water
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set-point. Cc was calculated using measurements taken from manual grab samples during pilot trial
run. For CM, a const. 400 S/cm value was utilized, which was average (round of Figure 2)
measurement at regular intervals of 375 S/cm taken from the cooling tower make up.

The economical feasibility of cooling tower water treatment by using membranes has been
investigated [18]. This was accomplished by calculating clean water savings and water disposal
expenses to cover electricity expenses of operating this membrane operating system. Its assumed that
water removal cost was same as fresh water cost [19]. The energy use was computed assuming that
the pump in our system was using 50% of its capacity (1.87 kWh). The energy cost per permeate
water volume generated as a function of membrane efficiency was estimated by taken the average
QP as R derived from the pilot trial run data. Electricity costs was taken as Rs4.10, Rs 4.20, Rs 4.30,
and Rs 4.40 per kWh.

Figure 2. Shows flow rate entering in membrane system from cooling tower. Dotted
lines shows cleaning time of membrane Black lines: XT and gray lines: XP.

4. Results

As reductions in permeate water flow rates, there was obvious due to membrane scaling or
fouling (Figure 3). Permeate water rate increase again after cleaning of membrane, but then rapidly
dropped. With each consecutive cleaning, membrane performance increased less and less. Reduced
permeate flux resulted in lower cooling tower flow rates. The permeate water recovery (R) varied
from up to 64% from 0, with an 23% on average.

Table3. Record of pressure in membrane system during trial run.

Feed (Bar) Concentrate (Bar) First Sump (Bar) Second Sump (Bar)

Mean pressure 8.4 6.5 7.2 7.6

Standard deviation 1.6 2.1 2 1.9

Minimum 6.2 3.2 4.7 5

Maximum 11.7 11.1 10.9 10.8

The pressure remain almost constant unless the capacity of pump was changed as shown in
Table 3. The sump pressure was continuously monitored to determine whether there is any pressure
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increase because of biofouling or scaling in system. Pressure between sump and feed was higher
compare to sump and discharge line. Over the course of the plot, the CT flow rate varied from 3.8 to
18.5 m3/d (0.7–3.4 gpm) (Table 2 and Figure 3). The flow rates of permeate water and concentrate
reject water are both favorably linked with the CT flow rate. Maintaining a reasonably steady feed
water rate in the pass through the membrane filter water system is adversely associated with recycle
flow rate.

The membranes filter average solute rejection varied from 89% (Na & Cl) to 99% SO4 (Table 4).
Membranes for NF and RO reject order depending on charge and size. It was found that membrane
was more efficient in removal of divalent ions compared to monovalent ions [20]. Given that
potassium has one of the greatest atomic radius any other ion with single covalent bond, it is not
unexpected that the rejection was near about 96%. The silica was removed 90% of cases. By using
the conductivity data, w ranges from 76% to 99.9 %, with avg. of 91%.

Table 4.Average values of water chemistry data in mg/L.

Constituent Feed Make-up Post-GAC Cooling tower Permeate Concentrate w (%)
Silica 134 24 113 112 37 152 89
Sulfate 154 34 118 118 5.2 174 98
Chloride 102 20 87 87 20.8 116 90
Potassium 20 3.7 18 17 5.4 28 96
Calcium 144 34 113 110 9.9 170 96
Magnesium 26 5.7 22 21 1.8 34 96
Sodium 134 24 103 100 31 141 88
Fluoride 2.3 0.52 2 1.7 0.6 2.7 93
Bicarbonate 502 112 36 396 70 544 93

The CT blow down may decreased up to 49%, with avg. computed reduction of 17% during
course of the trial run (Figure 4). Feed water saving have been determined as high as 16%, with avg.
6% savings. Similarly, concentration of cycle may be raised from 3 to 4.9, with avg. 3.4 during
course of the pilot trial run (Figure 5). R is positively linked with decreases in reject blowdown and
water make up, as well as concentration of cycle increases. Water savings and CoC rise considerably
after membrane cleaning, but soon declined with a reduction in R.

Figure 3. Shows after 53 to 55 days the system becomes stable and make up water and
discharge of water from cooling tower decrease. The dark line for make up water and
light gray for discharge. Dotted vertical line are for membrane cleaning.



AIMS Environmental Science Volume 9, Issue 3, 298–308.

305

The avg. make-up water flow rate in September 2020 after the trial starting was 28% lower than
in September 2020 before the trial (53.3 cubic meter per day against 6932 cubic meter per day.
August 2020 XM was similarly lower than August 2018 & July 2019, although only by 8% and 6%,
respectively. Because avg. Temp. in September 2018 & September 2020 were about 3 degrees
Celsius for twenty five days in pre- and post-trial run water uses levels are compare. After August 4,
daily temperature difference is more than 3 degrees Celsius were all warmer in 2020 than in 2018.
Net precipitation in September 2018 & September 2020 was 1.04 inch & 1.04 inch respectively.

Figure 4. Shows cycles of concentration increases after system becomes stable 53 to 55 days.

The conductivity of the CT water stayed very near to the limit point of 1400 S/cm in August
2018. In contrast, conductivity was below the limit point for much of August 2010, following the
start of the pilot trial run. The conductivity varied between the specified value and less than 1000
S/cm. However, no obvious relationship exists between CT conductivity and other variable
parameters such as membrane filter system cleanings and precipitation [21].

The study of EDS shows that the main component was found to be silica of 96% of total surface
calcium made up 3% of the components, with the rest made up of phosphorus, magnesium, and
aluminum. There was no evidence of iron. SEM images revealed obvious deposits on the spacer
surface as well as some mineral on the downstream membranes. Based on the EDS data, it is
presumed that the deposits are silica. There was no evidence of macroscopic mineralization or clear
crystals visible by SEM, as shown in figure 5.

Figure 5. Image showing silica scale in membrane under scanning electron microscope.

Evidence that cooling tower side-stream treatment reduces water use includes. Generally
anti-scalant are less efficient on silica than calcium [22].

The acid wash should have removed any calcium deposits [23]. However, because silica is more
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soluble e contrast in findings between these two pilots demonstrates the anti-scalent effectiveness on
calcium salts. More power consumption is in membrane based system if there is more salinity in
make up water. Our research reflects in case of permeate recovery can be obtain at a high level
around 0.3, the savings in make up of fresh water and water removal expenses should be sufficient to
balance for the power at Rs5.10/kWh. If R is more than or equal to 0.44 at Rs4.20/kWh, water
conservation will cover the cost of electricity. Our study is limited to pilot trial run data. A permeate
rate may rise by using higher efficiency pump which consumes less energy. The membrane
performance can modify if the process is line up for use in thermal power plant. Furthermore, the
correlation between reject and permeate water changes depending on the system [24]. While
economical study looks to be promising, further research is required before constructing a system.
Seasonal fluctuations in evaporation rates, for example, should be considered when estimating
appropriate side-stream flow rates. Water, water disposal, energy, and capital expenses must all be
included in the research. In general, membrane systems recover less water while using less power
consumption. Depending upon the location the cost of water vs. energy changes that that will decide
whether approach is feasible or not.

5. Discussion

Our simulations also suggest that if membranes with chemical rejection rates of 70%–90% and
better water recovery might be built, considerable water conservation might be obtained. Lots of
commercial available membranes large rejection rates that are either too high or far too low for
cooling system water treatment (b 40). Advanced systems that employ various membrane varieties
and/or arranging may potentially provide scale prevention due to the operational efficiency required
to maximize water consumption.

6. Conclusions

Estimated reductions in blow down and cooling tower inlet water usage based mass and water
flow. Estimated cycles of concentration was increased, by keeping the almost same temperature and
other parameters the make up water was reduced to much extent compared to previous year of same
duration. And the conductivity of cooling water analysis was observed less than the set points scaling
must be properly managed for an optimal system since the quantity of water saved which is directly
related to permeate water recovery [25]. According to the EDS results, silica is a major scalant.
Given the usage of antiscalants, CT (cooling tower) feed, and concentrate waters are all
super-saturated in amorphous silica and calcite. The future scope for water conservation can be
achieved higher by using membrane advanced design membrane which are higher than commercial
membrane. The waste water obtained in effluent treatment plant can further used in coal handling
plant for dust suppression system hence zero liquid discharge is possible by above study.
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