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An electronic capacitor-based water treatment system 
that uses no chemicals proved successful in demon-
stration and validation studies at four military sites. 
The U.S. Army Engineer Research and Develop-
ment Center tested this technology over several years 
in side-by-side comparison with standard chemical 
treatment. As part of the demonstration and validation 
project, a wireless, web-based monitoring system also 
was developed.
  
The chemical dilemma

For years, facility managers have sought workable 
alternatives to chemical treatment of water in evapora-
tive cooling equipment. These systems, such as cool-
ing towers and evaporative condensers, are the two 
most common ways of removing heat from industrial 
and commercial process equipment. Evaporation of 
cooling water produces concentrations of mineral salts 
inherent to water supplies. In addition, nutrients from 
airborne sources and makeup water can allow micro-
organisms to build up in the recirculating cooling wa-
ter, which can increase populations of disease-causing 
and system clogging bacteria. 

Improperly maintained water chemistry in cooling 
tower systems can result in the accumulation of min-
eral or biological deposits on equipment can quickly 
reduce heat-transfer efficiency as well as cause costly 
degradation of the system due to corrosion.   Histori-
cally, these destructive, expensive conditions have 
been controlled or prevented by adding specialty 
chemicals to the cooling water. These chemicals are 
hazardous materials and require special storage and 
handling.  Maintaining a proper balance of the chemi-
cals in the system requires time and is subject to error 
due to water quality variations and equipment mal-
functions.

Coupled with these challenges is new legislation. 
Executive Order 13423 requires federal facilities to in-
crease use of “green” technologies that save water and 
energy while not polluting the environment. Evapora-

tive cooling systems use a sizable amount of a facil-
ity’s total water consumption and chemically treated 
water discharged from the system must be treated 
creating a significant load on the sewage treatment 
system of the installation. 

Not a magnetic de-scaler

The patented technology evaluated in the study is 
called the Zeta Rod. The system uses electrostatic 
dispersion of colloidal particles in a fluid by apply-
ing theories from colloidal physics and chemistry.  By 
inserting an insulated electrode, or series of electrodes, 
into a grounded pipe or vessel, a strong electrostatic 
field and corresponding capacitor are created.  A con-
ductive electrode inside the rod serves as one plate of 
the capacitor. The dielectric strength of the vitrified ce-
ramic material that comprises the rod prevents electri-
cal current flow to the other plate of the capacitor. The 
grounded metal of the pipe or vessel into which the 
rod is inserted acts as the other electrode in the capaci-
tor. 

When a high-voltage potential (35 kilovolts direct cur-
rent) is applied, the resulting electrostatic field reduces 
the water’s surface tension and boosts the surface 
charge of colloidal particles and wet surfaces. Particles 

Electronic treatment reduces water, chemical use in 
evaporative cooling systems

Zeta Rods treat evaporative cooling water using electro-
static dispersion of colloidal particles in a fluid.



suspended in the water are caused to repel each other 
and to be repelled from other wet surfaces. Through 
these physical effects, particles and bacteria that 
would otherwise combine to form scale or biofilms are 
dispersed and the potential for fouling is mitigated. 

Field tests successful

ERDC’s Construction Engineering Research Labora-
tory worked with Zeta Corporation and Directorates 
of Public Works at the demonstration sites to set up 
a carefully controlled comparison of the Zeta Rod 
system with conventional chemical treatment.  The 
first phase, beginning in 2007, was a 16-month Dem/
Val project conducted at Fort Huachuca and Davis 
Monthan Air Force Base, both in Arizona, under a 
Cooperative Research and Development Agreement. 
These two sites were selected because of significant 
differences in the size of the cooling tower equipment 
available.  Two more sites – Fort Irwin, Calif., and 
Warner Robins Air Force Base, Ga .,were added later 
for an additional 2-year project under the Department 
of Defense Corrosion Prevention and Control pro-
gram.  This portion of the work continued the monitor-
ing period of the existing systems and added the new 
locations with more extreme supply water chemistries.

Remote monitoring 

The water management system for the project was de-
veloped with wireless remote online monitoring, data 
logging, alarm capabilities and control. System status 
can be determined remotely through a static internet 
provider or wireless modem.  Remote monitoring pro-
vides access to all operational functions of the control-
ler, allowing setting of different levels of security and 
control of operations.

The system uses water meters for measuring the 
cooling tower’s make up and blow down, providing 
documentation of actual gallons conserved. Real-time 
online corrosion monitoring provides valuable infor-
mation on corrosion rates without the 90-day period 
required for corrosion coupons.

The monitoring system has been useful at all four 
locations on both the chemically treated and Zeta 
treated cooling towers. The data and alarm capability 
has detected malfunctions of blow down valves, water 
wasting float valve settings, power failures at the sites, 

and other situations, which if left undetected could 
have resulted in wasted water or potential equipment 
damage. 

Project update

More than 18 months into the second demonstration 
phase, both the Zeta Rods and chemical treatments 
have been effective in preventing scale build-up, 
biofouling, and corrosion in the systems tested. For 
example, at Fort Irwin, with an average water hardness 
of 78 ppm, no significant mineral deposits have oc-
curred with the electronic treatment system.  

To determine if the non-chemical treatment could 
reduce water usage, the systems in the Dem\Val 
project had new water meters installed. By allowing 
higher mineral concentrations prior to blow down, 
the Zeta system reduced the make-up water consump-
tion by more than 20% and delivered a 50% reduction 
in waste water. The chemistry-free water discharged 
from Zeta treated towers can be recycled for use as 
landscape irrigation or other gray water applications. 
These two water recycle strategies can help meet the 
water conservation targets set by EO 13423 and other 
green building strategies.

A detailed explanation of systems tested and data col-
lected over the initial demonstration period may be 
found in ERDC/CERL Technical Report TR-09-20.
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Zeta Rods are installed into grounded pipes or vessels, which 
serve as one electrode in the capacitor.
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