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UVC Saves HVAC Water, Energy
And Chemical Use

The Business Case for Water Conservation
In this economy, building owners and managers are always looking for ways to
control costs and reduce operating expenses. As dramatic increases in water and
sewer bills have been realized, with more on the way, water conservation has become a very hot topic. Especially now that 70% of the Southern tier of the United
States, together with countries that make up two-thirds of the world’s agricultural output are experiencing drought conditions. By combining higher prices with
lower availability, and you’ll discover the need for healthy water conservation has
reached critical mass.
Water costs have gotten so out of control, that large commercial customers,
assessed on the amount of water they use, are being forced to take a new look
at how to save water and sewer costs. In the State of Georgia, for example, water
and sewer rates for large-volume users have skyrocketed from $12.09 for 748
gallons (fiscal year 2007) to $21.85 (fiscal year 2011). The U.S. Department of
Energy reports that water rates have “risen by 200 – 500% in the last decade and
are likely to keep rising at an average of 10% per year.” Sewer rates are increasing
dramatically due to higher EPA mandates on municipal sewer plant operators
100% – 400% over the past 10 years.
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Condensate from HVAC Systems May Be the Answer
In a typical commercial building, the HVAC system is one of the largest users of
water. Cooling tower systems in these buildings account for an estimated 30% of
a site’s total water use, much of which is lost due to evaporation. For example, for
each degree Fahrenheit the circulating water is cooled, approximately .1% of the
water evaporates. This means that a typically large chiller loses up to 1.9 million
gallons of water a year.
Reclaiming the condensate on the coils would help alleviate the situation.
Without reclamation, here’s how condensate is often lost: The coils are cooled as
the chilled water in the evaporator coils cools the circulated air. As air is cooled on
the coils, moisture condenses on them and runs into the drain pan after which it
is diverted into the sewer.
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Figure 1.
The quantity of condensate water produced depends upon the temperature,
humidity conditions and the amount of cooling provided. According to the
Alliance for Water Efficiency (US), the amount of condensate water can
range from 3 – 10 gallons/day per 1,000 square feet of air-conditioned space,
depending on the climate and HVAC system. This means that a 10,000 squarefoot building can produce more than 15,000 gallons of condensate water per
year. Geographic areas with high temperatures and high humidity are obvious
targets for a condensate recovery system.
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Figure 2. Source: Harriman, L.G., D. Plager, D. Kosare. 1997. Dehumidification and
Cooling Loads from Ventilation Aire. ASHRAE Journal. Nov. 1997: 37-45
The chart (Figure 2) above shows that even areas with short summer months
like New York City, Boston, Pittsburgh and Minneapolis have humidity levels
throughout the year producing significant HVAC condensate for a successful
water reclamation program. This also applies to international cities such as
London, Paris, Milan, Munich, Seoul, etc.
To help estimate how AHU condensate could be recovered, an online calculator
tool has been developed by Eddie Wilcut and Elliot Fry of the San Antonio Water
System. Here is a link to the calculator tool:
http://www.buildinggreen.com/calc/calc_condensate.cfm

Use of HVAC Condensate as Tower Makeup or Gray Water
Typically, these large quantities of HVAC condensate are essentially wasted and
diverted to sewer systems. The HVAC condensate can be easily and effectively
collected and used as cooling tower makeup water or gray water for irrigation.
There are several methods to implement a condensate recovery program. For
example, The U.S. Department of Energy installed pumping equipment and piping
from 3 air handling units (AHUs) to the cooling tower. The water from the bottom
of each AHU is collected in a basin and when it fills to a specific level, the pumping
equipment moves the recovered condensate directly into the cooling tower.
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The project has realized a 25% reduction in water
consumption. Using condensate as a source of irrigation
water has also been successfully implemented. Ultimately
water reduction programs allow projects to satisfy their
requirement under various green initiatives such as LEED
points for Water Efficiency as well as extra points for
meeting Regional Priority credits.
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UVC Keeps Condensate Water Safe
The case for water reclamation is clear. It saves money, energy and water.
However, the quality of that water can be called into question. That’s where
germicidal ultraviolet (UVC) energy comes in.
Biofilm, a gluey matrix that grows in the presence of moisture, is common on
cooling coils and drain pans of HVAC systems. The biofilm consists of biological
contaminants such as mold, bacteria, viruses and organic / inorganic debris in the
water that has become absorbed or embedded.
Condensate from drain pans that are not treated with UVC has been shown to
have large quantities of mold and bacteria in excess of a million microorganisms
per ml. Contrary to common thought that HVAC condensate is pure, condensate
water contains the condensed organic volatile compounds sufficient to provide
food for the biofilm.
In order to ensure the condensate is pure, UVC energy has been proven to be
effective in reducing mold, bacteria and viruses. Directed at a cooling coil and
drain pan in the HVAC system, UVC destroys the biofilm. UVC targets the DNA of
microorganisms, destroying cells or making replication impossible. The UVC must be
placed downstream of a cooling coil and directly above the drain pan to be effective.
Typical Coil Before Steril-Aire UVC

Typical Coil After Steril-Aire UVC

Figure 3. Photos of cooling coils demonstrating biofilm before and after UVC.
This process has been successfully documented at the University of Delaware
Biotechnology Institute (DBI). During cooling season, air handling units at DBI
produce 2,000-5,000 gallons a day of condensate. Added to the cooling tower,
this water replaces roughly 30-50% of the 7,000-10,000 gallons a day that
evaporate from the tower during hot weather conditions.
The condensate water is distilled (mineral-free) and cleaned with high output
UVC germicidal energy. Furthermore, the use of chemicals in the cooling tower
are substantially reduced due to the germicidal effects of UVC at the evaporator
coil and drain pan.
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This diagram illustrates a water reclamation system
with UVC Emitters.
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1. Moisture-laden air from outside passes through
the chilled water coil.
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2. UVC Emitters bathe the coil and drain pan,
eliminating mold, bacteria and viruses.
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3. Moisture condenses on coil and then drains to
drain pan.
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4. Condensate pump injects distilled condensate
into the cooling tower sump.
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5. Condensate enters cooling tower providing
makeup.

Cooling Tower Sump

Figure 4. Water recover
system utilizing UVC.
This conservation effort saves enough water to supply 10-25 homes in Newark,
Delaware. DBI has accomplished these savings with no increase in the level of
biocides used in the cooling tower, which they attribute solely to the germicidal
effects of UVC.
Another part of the efficiency paradigm is energy savings. DBI has also seen a
reduction in energy use with UVC. When biofilm is active, chilled water has to
be supplied to the cooling coil at a lower temperature and higher cost. The AHU
fan has to run at a higher speed, requiring more energy for the same amount
of cooling. Using UVC at the coils and drain pans has eliminated the biofilm
that fouls surface heat transfer. UVC continuously cleans the cooling coils to
“like new” condition, improving heat transfer efficiency and resulting in energy
savings.

Air Handler Water Recovery Installation
Installing a condensate recovery system requires additional engineering design
and plumbing costs to pipe condensate from the point of recovery to the
cooling towers. The illustration below (Figure 5) demonstrates an example of a
condensate recovery schematic.
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Figure 5. Schematic of air handler condensate recovery system.
Source GovEnergy 2010
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Saving on Chemical Use
The final piece of the cost-savings puzzle is the money saved by a reduction in
chemical use and reduction in manual cleaning costs.
A typical evaporator coil cleaning cost for a 50,000 sq. ft. building is: $500 to
$1,000 each site approximately 3 times per year. This adds up to a potential
$3,000 annually. One case study from Florida Hospital states “Costs per cleaning
can range anywhere from $500 to $6,000 or more for a “problem” coil requiring
more extensive cleaning.” This does not even take into consideration the costs
associated with duct cleaning, and, of course downtime... not to mention the
health risks associated with toxic chemicals.

“The final piece of the
cost-savings puzzle is the
money saved by a reduction in chemical use
and reduction in manual
cleaning costs.”

UVC Condensate Recovery System Benefits
• Water purchase savings - The recovery and reuse of condensate reduces
water costs and the amount of city water required for cooling tower makeup,
gray water or irrigation use.
• Energy savings
- At the chiller: A cooling coil treated with Steril-aire UVC, increases the
chilled water supply temperature by several degrees while maintaining
building comfort, thereby reducing the cost for the chiller to make a ton of
a cooling. For each degree the water temperature is increased, a savings of
1-2% will be realized.
- At the condenser: By providing chilled condensate as makeup water
to the cooling tower, an owner saves money in two ways. First, the
condenser water temperature is marginally lower, thus allowing the chiller
to operate at a slightly higher efficiency. Second, and more importantly,
the condensate collection can displace about 75% of the makeup water
required to the cooling tower during the humid part of the year. For
instance, for a typical 100 ton system operating at 80% load in Atlanta, GA,
this could mean a potential savings of up to $20,000 per year in raw water
charges.
- At the AHU evaporator coil and fan: Dirty coils reduce heat transfer at the
coil making the system less capable of cooling the building as designed.
Additionally, a fouled coil will have more resistance to air flow - forcing
the fan motor to run faster to maintain downstream air flow requirements
demanded by the building. A mere 10% increase in fan motor run can
increase the electrical energy by 33%.
- At the wastewater treatment facility: Energy costs are nearly 30% of the
operations costs at wastewater facilities. Reducing water consumption,
reduces energy consumption.
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for makeup, the AHU
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• Disposal cost savings - By diverting UVC-treated condensate from the sewer
system to the cooling tower for makeup water use, sewer costs, which are
sometimes two times the cost of potable water, can be saved.
• Chemical cost savings - Unlike city water used for makeup, the AHU
condensate is mineral-free, requiring less chemical use for corrosion and scale
management.
• Environmental - Reuse of condensate reduces the demand on drinking
water supplies. Water conservation and reduced use of chemical treatment
demonstrate environmental stewardship.
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