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Ozone Treatment for Cooling
Towers
New energy and water saving technology to reduce cooling tower operating costs
The form of oxygen known as ozone
has been recognized for nearly a century
for its powerful ability to disinfect water.
Cooling tower water must be treated to
limit the growth of mineral and microbial
deposits that can reduce the heat transfer
efficiency of the cooling tower. The use
of ozone to treat water in cooling towers is
a relatively new practice that is increasing
in popularity, and it has good potential for
use in the Federal sector. This Federal
Technology Alert (FTA), one of a series on
new technologies, describes the use of
ozone generation for cooling tower water
treatment, and reports on field experience
of manufacturers, others who have treated
cooling tower water with ozone, and its
benefits.

Energy-Saving Mechanism
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A cooling tower ozone treatment system compresses ambient air, then dries
and ionizes it to produce ozone. The
ozone is added to the circulating water in
the tower. Within minutes, it kills bacteria, algae, and viruses that live in the
tower s aqueous environment. The benefits of this action are numerous and important. Sometimes the organisms pose a

threat to human health for example,
Legionella pneumophila, which causes
Legionnaire s disease, is frequently found
in cooling tower water. Moreover, microorganisms tend to accumulate in a biofilm on the sides and components of the
cooling tower system, impeding heat
transfer efficiency, increasing energy consumption (as the system has to work
harder), and adding to maintenance costs.
A frequent problem is the buildup of
scale, mineral coatings that adhere especially well to the biofilm. Again the
resulting buildup impedes system efficiency and could affect human health.
Conventional cooling tower water treatment technologies include treatment with
chemicals to remove microorganisms and
scale, and blowdown of water to remove
impurities. These operations both add to
the cost of cooling tower operation and
maintenance. Although some chemical
treatment may be advisable even if an
ozone-generating system is installed (in
some circumstances the ozone may cause
corrosion of cooling tower components),
the amount and subsequent costs can be
reduced.

Technology Selection
The ozone treatment for cooling towers
is one of many energy-saving technologies
to emerge in the last 20 years. The FTA
series targets technologies that appear to
have significant Federal-sector potential
and for which some Federal installation
experience exists. These FTAs seek to
identify if product claims are true or are
simply sales hype.
New technologies were identified
through advertisements for technology
suggestions in the Commerce Business
Daily and trade journals, and through
direct correspondence. Numerous
responses were obtained from manufacturers, utilities, trade associations, research
institutions, Federal sites, and other
interested parties.
Technologies suggested were evaluated
in terms of potential energy, cost, and
environmental benefits to the Federal
sector. They were also categorized as
those that are just coming to market and
those for which field data already exist.
Technologies classified as just coming
to market are considered for field demonstration through the U.S. Department of
Energy s Federal Energy Management
Program (FEMP) and industry partnerships. Technologies for which some field
data already exist are considered as topics
for FTAs. The ozone treatment for cooling
towers technology was found to have
significant potential for Federal-sector
savings and to have demonstrated energysavings field experience.

Potential
During the last 20 years, technological
improvements have made smaller-scale,
stand-alone commercial ozone generators
both economically feasible and reliable.
Using ozone to treat cooling tower water is
a relatively new practice; however, its
market share is growing as a result of
water and energy savings and environmental benefits relative to traditional chemical
treatment processes. Analysis of the technology indicates that it should have potential for broad application in the Federal
sector. In a properly installed and operating system, bacterial counts are reduced,
with subsequent minimization of biofilm
buildup on heat exchanger surfaces. The
reduction in energy demand, the increased
operating efficiency, and the reduced
maintenance effort provide cost savings as
well as environmental benefits and
improved regulatory compliance with
respect to discharge of wastewater from
blowdown.

Application
There are many reasons to consider
ozone: when chemical costs are high or
chemical management is burdensome,
when water and sewer charges are high or

increasing, or when local regulations
require blowdown to be treated prior to
discharge.
The technology is generally applicable
to cooling towers associated with airconditioning systems and light industrial
processes. Manufacturers claim to have
treated both wooden and metal towers
ranging in size from 60 to 10,000 tons.
Four important technical criteria should be
used when considering ozone treatment
technology:
• the quality of the make-up water
that is added to replace water lost
through evaporation and blowdown
(hardness and mineral content can
be a factor in ozone effectiveness)
• the operating temperature of the heat
exchanger (if it is too high, the ozone
dissipates too rapidly to be effective)
• the degree to which components of a
system are subject to corrosion (and
thus potential frequent replacement
or additional protection)
• the operating environment of the
cooling tower (excessive dirt and
organic material will use up the ozone
before it can disinfect the water).
A screening study and economic analysis (life-cycle cost) should also be part of
the decision-making process. Cooling
towers associated with chillers for light
industrial process cooling and commercial
heating, ventilating, and air-conditioning
are good candidates.

Field Experience
Case studies by manufacturers,
research institutes, and government agencies have added to the growing popularity
of ozone treatment systems as a demonstrably effective technology for cooling
towers. Equipment and installation costs
are more than paid for by savings in water
and chemical use, and by energy savings
from cleaner heat exchanger surfaces.
Turnkey costs for a typical ozone system capable of treating a 1,000-ton cooling
tower are estimated to range from $40,000
to $50,000. Although no utilities were
identified that currently offer rebates for
ozonation, a number have sponsored seminars and disseminated information, and
some have sponsored field tests and comprehensive studies.

Case Studies
The first case study examines a system
of four ceramic-filled concrete cooling
towers with a capacity of 2,500 tons
(8,750 kW) each. These cooling towers
reject heat from the air-conditioning system that provides temperature and humidity control for Space Shuttle processing in
the Vehicle Assembly Building (VAB) at
NASA s Kennedy Space Center (KSC),

Florida. Environmental regulations made
the facility unable to discharge the blowdown to surface waters as had been done
in the past. To reduce blowdown, an
ozone system was installed.
Operating at zero blowdown, the new
system was 60% plugged in less than a
year and it was determined that an absolute zero blowdown operation was not
possible. However, concentration ratios
(concentration ratio is an indicator of the
amount of blowdown from the system) of
between 30 and 40 were eventually
worked out and the facility significantly
reduced the blowdown. The annual water
savings is 35.7 million gallons per year
(135.1 million liters). The ozone system,
costing an estimated $320,500, was
expected to save $124,000/yr in water and
chemical costs, providing a life-cycle cost
savings of $800,000 with a savings-toinvestment ratio (SIR) of 3.5.
A second case study is reported involving an ozone treatment system installed in
1994 for two cooling towers at the
Lockheed Martin Electronics and Missiles
Ocala (Florida) Operation. The towers
support a variety of equipment for testing
and production, as well as secondary cooling of heating, ventilating, and airconditioning systems.
Installation of an ozone treatment unit
at the Ocala facility took one day. After a
year of use, bacterial count in the water
was reduced three orders of magnitude.
Blowdown waste was reduced 90%. The
feared corrosion impact from the ozone
was only half that resulting from treatment
with chlorine. The net present value of the
ozone system exceeded $1 million with an
SIR of 31.9.

Implementation Barriers
There are known barriers for implementing the ozone cooling tower treatment
technology such as high cooling tower
water temperature, hard water, and a high
organic load from the operating environment. However, much excitement has
been generated around this technology for
many reasons. Manufacturers and vendors
see a huge market and cooling tower operators see the potential cost savings, environmental benefits, and reductions in
maintenance and health hazards.
Potential users should carefully review
their current and historic costs related to
cooling tower water treatment and the performance of their associated cooling
equipment. The guidance provided in this
FTA should help indicate whether it would
be advisable to consider this treatment
technology. Federal energy managers who
are familiar with ozone treatment systems
are also listed. The reader is invited to ask
questions and learn more about the technology by contacting the manufacturers
and contractors listed in the back of the FTA.

About the Federal Technology Alerts
The Energy Policy Act of 1992, and
subsequent Executive Orders, mandate
that energy consumption in the Federal
sector be reduced by 30% from 1985
levels by the year 2005. To achieve
this goal, the U.S. Department of
Energy’s Federal Energy Management
Program (FEMP) is sponsoring a
series of programs to reduce energy
consumption at Federal installations
nationwide. One of these programs,
the New Technology Demonstration
Program (NTDP), is tasked to accelerate the introduction of new energysaving technologies into the Federal
sector and to improve the rate of
technology transfer.
As part of this effort, FEMP, in a
joint venture with the Department of
Defense’s Strategic Environmental
Research and Development Program
(SERDP), is sponsoring a series of
Federal Technology Alerts (FTAs) that
provide summary information on
candidate energy-saving technologies
developed and manufactured in the
United States. The technologies
featured in the Technology Alerts have

already entered the market and have
some experience but are not in general
use in the Federal sector. Based on
their potential for energy, cost, and
environmental benefits to the Federal
sector, the technologies are considered
to be leading candidates for immediate
Federal application.
The goal of the Technology Alerts
is to improve the rate of technology
transfer of new energy-saving technologies within the Federal sector and
to provide the right people in the field
with accurate, up-to-date information
on the new technologies so that they
can make educated judgments on
whether the technologies are suitable
for their Federal sites.
Because the Technology Alerts are
cost-effective and timely to produce
(compared with awaiting the results
of field demonstrations), they meet
the short-term need of disseminating
information to a target audience in
a timeframe that allows the rapid
deployment of the technologies—and
ultimately the saving of energy in the
Federal sector.

Federal Energy Management Program
The Federal Government is the largest energy consumer in the nation. Annually, in its 500,000 buildings and 8,000 locations worldwide, it uses nearly
two quadrillion Btu (quads) of energy, costing over $11 billion. This represents 2.5% of all primary energy consumption in the United States. The
Federal Energy Management Program was established in 1974 to provide
direction, guidance, and assistance to Federal agencies in planning and
implementing energy management programs that will improve the energy
efficiency and fuel flexibility of the Federal infrastructure.
Over the years several Federal laws and Executive Orders have shaped
FEMP's mission. These include the Energy Policy and Conservation Act of
1975; the National Energy Conservation and Policy Act of 1978; the Federal
Energy Management Improvement Act of 1988; and, most recently, Executive
Order 12759 in 1991, the National Energy Policy Act of 1992 (EPACT), and
Executive Order 12902 in 1994.
FEMP is currently involved in a wide range of energy-assessment activities,
including conducting New Technology Demonstrations, to hasten the penetration of energy-efficient technologies into the Federal marketplace.

The information in the Technology
Alerts typically includes a description
of the candidate technology; the
results of its screening tests; a description of its performance, applications
and field experience to date; a list of
potential suppliers; and important
contact information. Attached appendixes provide supplemental information and example worksheets on the
technology.
FEMP sponsors publication of the
Federal Technology Alerts to facilitate
information-sharing between manufacturers and government staff. While
the technology featured promises significant Federal-sector savings, the
Technology Alerts do not constitute
FEMP’s endorsement of a particular
product, as FEMP has not independently verified performance data
provided by manufacturers. FEMP
encourages interested Federal energy
and facility managers to contact the
manufacturers and other Federal sites
directly, and to use the worksheets in
the Technology Alerts to aid in their
purchasing decisions.

Strategic Environmental
R&D Program
The Strategic Environmental Research
and Development Program, SERDP, cosponsor of these Federal Technology
Alerts, was created by the National
Defense Authorization Act of 1990
(Public Law 101-510). SERDP's primary
purpose is to "address environmental
matters of concern to the Department of
Defense and the Department of Energy
through support for basic and applied
research and development of technologies that can enhance the capabilities of
the departments to meet their environmental obligations." In 1993, SERDP
made available additional funds to
augment those of FEMP, for the purpose
of new technology installations and
evaluations.

For More Information
FEMP Help Desk
(800) 363-3732
International callers please use (703) 287-8391
Web site: http://www.eren.doe.gov/femp/
General Contact
Ted Collins
New Technology Demonstration Program
Program Manager
Federal Energy Management Program
U.S. Department of Energy
1000 Independence Avenue, SW, EE-92
Washington, DC 20585
(202) 586-8017
Fax: (202) 586-3000
theodore.collins@hq.doe.gov
Steven A. Parker
Pacific Northwest National Laboratory
P.O. Box 999, MSIN: K5-08
Richland, Washington 99352
(509) 375-6366
Fax: (509) 375-3614
steven.parker@pnl.gov
Technical Contact
Steven A. Parker
Pacific Northwest National Laboratory
P.O. Box 999, MSIN: K5-08
Richland, Washington 99352
(509) 375-6366
Fax: (509) 375-3614
steven.parker@pnl.gov
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