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1.1 Background

Cooling towers are an integral component of many cooling systems that provide comfort or
process cooling. They are commonly used in industrial applications and in large commercial
buildings to release waste heat extracted from a process or building system through evaporation
of water. They receive the heated water, and evaporate a portion of the water to cool the
remaining water so that it can re-used to again extract heat from the cooling system.

Cooling tower systems operation is most efficient when their heat transfer surfaces are clean.
However, these are dynamic systems, due to variations in the water source and their operating in
the open environment. Surface water sources such as lakes, rivers, and streams have seasonal
variations in water quality and can carry high levels of suspended silt and debris. Groundwater
sources don’t have the seasonal variations, but can have high levels of dissolved minerals
depending on the geology of the region.

Since cooling towers operate outside they are susceptible to dirt and debris carried by the wind.
Birds and insects like to live in and around cooling towers due to the warm, wet environment.
The combination of process and environmental factors can contribute to four primary treatment
concerns encountered in most open-recirculating cooling systems: corrosion, scaling, fouling,
and microbiological activity. As shown in Figure 1.1, these treatment concerns are inter-related
such that reducing one can have an impact on the severity of the other three.

Corrosion: Corrosion is an electrochemical or chemical process that may lead to the
premature failure of system metallurgy. The process of corrosion can be intensified by
elevated levels of dissolved mineral content in the water and the presence of oxygen, both
of which are typical of most cooling tower systems.
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Scaling: Scaling is the precipitation of dissolved mineral components that have become
saturated in solution, which can lower efficiency of the system. Factors that contribute to
scaling tendencies include water quality, pH, and temperature. Scale formation inhibits
heat exchangers because of the insulating properties of scale. Scale buildup will make the
entire system work harder to meet the cooling demand.

Fouling: Fouling occurs when suspended particles or biologic growth forms an insulating
film on heat transfer surfaces. Common foulants include organic matter, process oils,

and silt, which can also lower system performance. Factors that cause fouling include
corrosion and process leaks. Much like scale, fouling deposits create an insulating barrier
on the heat exchanger surfaces that can significantly affect the energy performance of the
cooling system.

Microbiological Activity: Microbiological activity refers to microorganisms that live and
grow in the cooling system that can contribute to fouling and corrosion. Cooling towers
are a perfect environment for biological activity due to the warm, moist environment.
There are two distinct categories of biological activity in a tower system: planktonic and
sessile biogrowth. Planktonic is a bioactivity that is suspended or floating in solution.
Sessile biogrowth is a bioactivity that sticks to surfaces, such as biofilms or biofouling.
Biofilms are problematic for several reasons. They have strong insulating properties that
increase energy requirements, they contribute to fouling and corrosion, and they create
byproducts that further increase microbiological activity. Sessile biogrowth can generally
be found in and around the tower structure, in chiller bundles, on heat exchange surfaces,
and in the system piping. Biofilms and algae mats can also be difficult to eradicate.
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Figure 1.1. Cooling Tower Primary Treatment Concerns.

Side stream filtration systems reduce suspended solids and debris in the system cooling
water, which leads to less fouling in the system. Decreasing suspended solids can also help
reduce biological growth in the system because suspended solids are a good source of food
for microbiological organisms. Decreasing biological growth in turn helps to reduce
microbiologically influenced corrosion. In addition, scaling can be reduced from side

stream filtration by limiting fouling and corrosion by-products, which can also contribute

to scale formation on the heat exchange surfaces. Effectively managing these conditions
through filtration can optimize system performance, often resulting in moderate to significant
energy and water savings.
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Each of the treatment concerns can decrease cooling tower performance, increase the use of
water treatment chemicals as well as reduce cycles of concentration. “Cycles of concentration” is
an industry term used to describe the relationship between the amount of system feed water flow
and the amount of flow sent down the drain as blowdown. Low cycles of concentration (high
amount of blowdown in relation to the system feed) correlate to inefficient use of water in a
system to satisfy cooling needs.

Full flow and side stream filtration are the two most common methods used to filter the water
that is pumped into the circulation systems. Full flow filtration uses a filter installed after the
cooling tower on the discharge side of the pump. This filter continuously filters all of the
recirculating system water in the system. Inherently, the filter must be sized to handle the
system’s design recirculation rate. Side stream filtration, on the other hand, continuously filters
a percentage of the flow instead of the entire flow. It can be a cost-effective alternative to full
flow filtration that can easily improve the water quality to reduce water consumption and ensure
efficiency of the cooling systems. And unlike full flow filtration, side stream filtration systems
can be cleaned while the cooling systems are online, avoiding the need for planned downtime
(BAC 2012).
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1.2 Technology Characterization

Side stream filtration systems continuously filter a portion of the cooling water to remove debris
and particles and return filtered to the cooling tower basin (called the sump). Figure 1.2 below
shows a simplified cooling tower schematic, including the two example locations where side
stream filtration can typically be installed. These systems remove suspended solids, organics,
and silt particles for a portion of the water system on a continuous basis, reducing the likelihood
of fouling and biogrowth, which helps to control other issues in the system such as scaling and
corrosion. This improves system efficiency and often reduces the amount of water blown down.
There are a variety of filter types, which generally fall into four basic categories: screen filters,
centrifugal filters, sand filters, and multi-media filters. (WPCP, 2012)
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Figure 1.2. Cooling Tower with Side Stream Filtration Examples.
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Side stream filtration increases water and energy efficiency and reduces cost,
as described below (Latzer 2012; BAC 2012).

Reduction in water consumption: Demand for makeup water in cooling towers is
decreased with an increase in the system’s cycles of concentration. Essentially, higher
cycles of concentration mean that water is being recirculated through the system longer
before blowdown is required. Less blowdown reduces the amount of makeup water
required in the system, resulting in water savings.

Reduction in energy consumption: Side stream filtration reduces the likelihood of scale
and fouling on the heat exchangers. Even the smallest layer of scale or fouling on heat
exchange surfaces can reduce the rate of heat exchange, forcing the system to work
harder to achieve the desired cooling and in turn increases energy costs.

Reduction in chemical use: Chemicals are used to bind suspended particles in the water
stream and prevent scaling and corrosion. Dirty water requires more chemicals than clean
water because a buildup of solid contaminants provides a buffer that reduces the effects
of treatment chemicals. A side stream filtration system can remove suspended particles,
reducing the need for additional chemical treatments such as dispersants and biocides.

Lower maintenance cost: Traditionally, cooling towers are cleaned by draining the
tower and having the sediment removed mechanically or manually from the sump. Costs
associated with the cleaning process include downtime, labor, lost water, and additional
chemicals. Cooling systems that are cleaned via side stream filtration routinely provide
longer periods of continuous operation before being taken off-line for required
maintenance.

Improvement in productivity and reduction in downtime: When a cooling system is
fouled or has scale buildup, production may be slowed due to inefficient heat exchange
equipment. In some cases, the cooling system and heat exchange equipment may need to
be taken offline for repairs, decreasing production.

Control of biological growth: Biological growth control and reduction can mitigate
potential health problems, such as those caused by Legionella. ASHRAE Guideline 12-
2000 has basic treatment recommendations for control and prevention, stating that the
key to success is system cleanliness. Legionella thrives where there are nutrients to aid its
growth and surfaces on which to live. Use of side stream filtration can minimize habitat
surfaces and nutrients by maintaining lower particle levels in the water stream.
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The Spallation Neutron Source (SNS) cooling tower at Oak Ridge National Laboratory (ORNL)
is a four-cell, cross-flow tower that is divided into two two-cell operating systems.
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The table shows particle volume, measured in cubic millimeters per one hundred liters (mm*/100L).
The total particle volume of the system without side stream filtration is 3,986 but is reduced to only
43 mm*/100L in the system with side stream filtration. This represents a 95% reduction in suspended
solids, including complete removal of particles larger than 80 microns.

Table 4.1. ORNL Particle Distribution Analysis.

Particle Volume Percentage of Particle Volume
without Side Overall Particle with Side Stream Percentage of Overall
Micron | Stream Filtration | Volume without Side Filtration Particle Volume with
Range (mm?>/100L) Stream Filtration (mm?/100L) Side Stream Filtration
0.5-1.0 45 1.1 3 6.5
1.0-5.0 95 2.4 8 17.3
5.0-10 302 7.6 7 15.7
10-15 442 11.1 5 11.3
15-20 553 13.9 4 10.1
20-30 1,018 25.5 3 6.5
30-40 575 14.4 5 10.6
40-50 318 8.0 3 7.1
50-60 213 5.3 3 7.4
60-70 178 4.5 1 3.0
70-80 128 3.2 2 4.6
80-90 86 2.2 0 0.0
90-100 34 0.9 0 0.0
Total 3,986 43
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3 System Economics

This section discusses the economics of a side stream filtration system, using a hypothetical
example of life-cycle cost analysis for a side stream filtration system using pressure sand filters.

To calculate the potential savings associated with a filtering system, the analysis presented here
is based on the following cooling tower specifications:

System uses a 400 ton chiller.

System operates 3720 hours a year.

Typical load of the system is 70%.

Operating efficiency is 65%.

Cycles of concentration is 3

Cooling tower consumes $1,500 worth of water treatment chemicals per year.

Cooling tower is cleaned three times per year; each cleaning requires two people for
24 hours at a total estimated cost of $4,320.
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The supply water contains particles with a minimum size of 20 microns. These particles take up
90% of the total particle volume and have the potential to form a layer of foul measuring
approximately 0.001 inch thick. Each 0.001 increase in fouling results in a 10 % increase in
power (ASHRAE Standard 550-98). In addition, this amount of particles can cause a 20%
increase in the costs of water treatment chemicals (Dearmont et al. 1998).

The current energy cost of this cooling tower is estimated to be $47,393 per year, based on the
following formula:

A\C ton x kW/ton X load factor x hours of operation/yr x cost/kWh = energy costs/year
400 ton A\C x 0.65 kW/ton x 0.7 load factor x 3,720 operating hours x $0.07/kWh = $47,393

In this example, a side stream filtration system is installed that filters 10% of the entire flow
rate to remove the identified particles, with a minimum size of 20 microns. With this system
installed, it is estimated that the cooling tower would consume 10% less energy (PEP, 2010),
which translates to $4,739 of energy savings per year. Cycles of concentration would increase
from three cycles to four in the system and create a water savings of 228,000 gallons of water
annually (PNNL 2012). At a combined water cost of $7 per thousand gallons, this will save
$1,596 annually. In addition, the filtration system is projected to reduce water treatment cost

by 20% saving $300 per year. Finally, it is estimated that the maintenance requirement for the
cooling tower could be cut in half (LAKOS, 2012), generating an annual maintenance saving of
$2,160. In total, the side stream filtration system would save $8,795 per year.

BHRKIFTRNTA X202 000K F (SS) BNEFENDB,

LTOHF (8S) D N%ERET2FICL->T, ESHELZ0.001 4 v FORMHDONEEFHLET,
0.001 4 v FHEICREITRILE—10% LFRT 2., (TA)HEESEERAFERTES 1 550-98 &%),

£z, COLKF (SS) & N20%DKMBEEEE L7 SEFF, (HES Dearmont et al 1998 &),

CORFBOTRRD [THRLF—aX ] (E, TRICEDVWTEHET 5 L4M $47, 33 LHESIN D,

AC ton X kW/ton X load factor X hours of operation/yr X cost/kWh = energy costs/year
400 ton A¥C x 0.65 kW/ton X 0.7 load factor X 3,720 operating hours x $0.07/kWh = $47, 393

CCTR BR300 (SS) ERETBHICHA PR M) — LB TREBKEISH L TI0%E
MESZTLE—EREBLETS,

COFZE. CORFEEM 100 DET R L GRESE PEP, 2010 5%) 4/ $4, 739 03X MHIE.
BRIREES 3EAD EICEFHFIC &> T, FR 228,000 #H A > DEKHNEE (REE PNNL 2012 8%)

1,000 fin> % 78 CHRE LK., [T $1, 596 OHiKERIR,

S 5IC/KIBEFNEE 20% KL L. A/ T $300 i,
RBICERNEREEZEDICTEIEICEL ST EREELAK0S, 201258E) AVTFUXAAXMMN$2 160 &R Y
A RAMN)—LB T4 LE—NEE0THIEEEEERT$8 7% £42 5,



A life-cycle cost (LCC) analysis was performed on this hypothetical example for a pressure sand
filter. Pressure sand filters generally have the highest estimated cost of equipment and
installation. It was concluded then, if the pressure sand filtration system had favorable
economics, then all other systems would likewise be favorable. The savings estimates were
based on a few manufactures’ return on investment (ROI) Excel spreadsheet calculator tools
(LAKOS 2012; PEP, 2010) and LCC calculations were performed using the Department of
Energy’s Building Life Cycle Cost (BLCC) (v5.3-11) software.

Table 3.1. Life-Cycle Analysis for Pressure Sand Filtration Systems.*

Total Savings to
Filtration Savings | Payback | Investment
Type Total Investment Annual O&M Cost per Year Period Ratio
Pressure (A) Equipment cost: $35,000 | Annual O&M cost = $1,440 $8,795 8 Years 2.31
Sand (B) Installation cost: $10,000 | (labor) + $500 (sand renewal +
Filtration (C) Total investment: 45,000 | $1166 (sand replacement) =
$3106

* The cost and saving estimates of this life-cycle cost analysis is based on Pacific Northwest National Laboratory industrial
survey data and the prices are as of June 2012.
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