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COOLING SYSTEM ECONOMICS 
             (Or, how much will Bon Aquas really save me?) 

That is the second most frequently asked question we 
hear and the hardest to give an immediate answer to. 
(The first is, "Do Bon Aquas really work?" That one 
is easy---YES, Bon Aquas really work!) The reason 
the second question is so difficult is that we can't tell 
a customer how soon they will recoup their 
investment, until we know how much they are 
presently spending per hour, day, month, etc. The 
greatest problem with that is they usually don't really 
know!  

In the past we have tried to give conservative general 
comparison figures between a chemically treated 
cooling system and a Bon Aqua protected system. 
Unfortunately, many customers not only don't know 
how much the various parts of their systems are 
costing to operate, they aren't really familiar with 
how or why their systems work, which makes it 
difficult to picture what we're even talking about. 
This is not as strange as it sounds. Many large 
companies have virtually turned the operation and 
responsibility of their HVAC systems over to water 
treatment companies who subcontract the chemical 
treatment and repairs. 

Cooling System Fundamentals 

To appreciate the advantages and considerable dollar 
savings of Bon Aqua's non-chemical protection of a 
cooling system, you first have to understand the 
simple fundamentals of that system and what it is 
actually costing now and why. There are many good 
books on this subject already, and we certainly don't 
need another one. So for all intents and purposes, 
let’s assume you don't know anything about a cooling 
tower, or a chiller condenser, and really don't care, 
except that you need the fundamentals to enable you 
to make an intelligent decision or supervise the 
operation of such a system. So here is what we hope 
is the simple version: 

Since most cooling towers are used to cool air 
conditioning chiller condensers in large building 
Heating Ventilating and Air Conditioning (HVAC) 
systems, we will use that model. Chillers are simply 
large air conditioners, similar to the one in your car. 
They compress a gas into a liquid and then release it 
back into a gas. In your car, the compressor pump is 
belt-driven by the engine. It compresses a gas 
refrigerant, often called Freon or R-12 into a liquid, 
but the resulting liquid refrigerant is very hot. The 
hot liquid refrigerant is pumped into the smaller 
radiator (condenser) in front of your engine's radiator,  

where it is cooled by the air being drawn through it 
by your car's fan. The cooled liquid refrigerant is then 
pumped to an expansion chamber under your 
dashboard where it is released back into gas. This 
quick expansion of the liquid refrigerant into gas 
chills the expansion chamber and a fan blows air over 
the outside of the cold expansion chamber into your 
car through several vents. The refrigerant gas is then 
sucked back into the compressor where it is 
compressed back into hot liquid refrigerant and 
pumped into the condenser, again, etc. 

Chillers work the same way as your car's air 
conditioner. The differences are their much larger 
size and how the hot liquid refrigerant is cooled and 
what the expanding gas refrigerant is cooling. A 
chiller's compressor compresses gas refrigerant into 
hot liquid refrigerant also, but the hot refrigerant is 
cooled by a water cooled condenser instead of the air 
cooled condenser in your car. The cooled liquid 
refrigerant expands in an expansion chamber also, 
but it is used to cool water--called chill water--
instead of air, as in your car's system. This "chill 
water" is then pumped through a series of cooling 
units throughout a building and fans blow over the 
cooled units into the individual rooms. 

Different Parts of a Cooling System 

A large chiller system consists of these three distinct 
systems: The condenser cooling water system, the 
refrigerant compressor-expansion system and the 
chill water system. The most troublesome of these 
systems is the condenser water system if the water in 
that system is exposed to outside air in a cooling 
tower, as most of them are. If the condenser cooling 
water system is sealed in a "closed loop" system, then 
the water is never exposed to the air.  In that case, the 
condenser cooling water is circulated through 
"bundles" of tubing in the cooling tower that are 
cooled by the cooling tower water running over the 
outside of them. However, the major problems of 
scale and corrosion are simply shifted totally to the 
tower and the "tube bundles." 

 



As the condenser water is pumped through the 
Copper tubes of the condenser it absorbs heat from 
the hot liquid refrigerant. In an open loop system the 
heated water then flows to the top of tower where it is 
cooled by forced air drafts and evaporation. The 
remaining cooled water collects in a basin or holding 
tank where it is mixed with fresh makeup water to 
makeup for the water that was lost to evaporation 
and' some that was drained or "bled" off to "bleed" 
off' some of the increasingly "hard" water. The 
cooled water is then drawn back to the pump that 
pushes it through the chiller's condenser where it 
absorbs more heat and returns to the cooling tower.  
This merry-go-round of heating, cooling, 
evaporation, bleed off and make up of the chiller 
compressors condenser cooling water goes on 
constantly during the air conditioning cooling cycle 
of all large buildings.  

 

The major requirement of operating a cooling tower 
system is to keep the whole system clean. Today, in 
the US alone, that simple sounding requirement is 
costing billions of dollars! The majority is spent on 
toxic water treatment chemicals, which contaminate 
billions of gallons of fresh drinking water, contribute 
to human and wildlife suffering and environmental 
damage from the resulting air and water pollution. 
Those numbers continue to increase every single 
year! The scale and corrosion caused by the improper 
use of these chemicals is also increasing our 
dependence on fossil fuels. These are actually 
conservative figures that don't include the billions 
lost in the replacement and repairs of scaled and 
corroded equipment. 

Now that you can appreciate the size and importance 
of the total problem of cooling tower water systems, 
across the US alone, let's examine an average size 
system and show why it costs tens of thousands of 
dollars per year to operate. 

Costs of Operating a Cooling System 

Chillers are usually rated in "tons." This refers to 
their cooling capacity. A "ton" of refrigeration simply 
means the amount of heat (usually referred to in 
British Thermal Units, or BTUs,) required to melt 
2,000 lbs of ice in 24 hours (288,000 BTUs, or 200 
BTUs per minute.) A 500 ton chiller requires a 500 
ton cooling tower to absorb its 500 "tons" of heat 
(200 BTUs per minute X 500 tons = 100,000 BTU's 
per minute.) A chiller condenser and cooling tower 
require a water flow of about 3 gallons per minute, 
per ton, to cool it, so a 500 ton system requires a 
water flow of 1,500 gallons per minute, to cool it. It 
requires a main pump capable of pushing that 1, 500 
gallons per minute through the chiller condenser 
tubing, then through a pipe to the top of the cooling 
tower and then sucking the cooled water through 
another pipe from the cooling tower holding tank to 
the pump so it can push it through the condenser, 
again. This system also requires a "standby pump" of 
equal capacity to substitute for the main pump during 
service and repairs. 

In the cooling tower are huge electric fans to provide 
a large air draft through the tower that helps cool the 
water. A makeup water line with a float valve on it 
keeps adding water to the holding tank to make up 
for the water lost to evaporation and the water lost to 
bleed off, which is normally about the same amount. 
The forced air draft through the cooling tower 
absorbs about 15% of the condenser water's heat by 
radiation or convection and 85% by evaporation. 

How the Equipment and Pipes Scale 
 
As the water evaporates it leaves behind all the 
minerals that were in it. The steady flow of make up 
water carries in more minerals that are continually 
being left behind by the evaporating water. It is this 
concentration of minerals that cause pipe and 
equipment scaling. The minerals are referred to as 
Total Dissolved Solids (TDS) and are measured in 
Parts per Million (ppm.) For instance, one gallon of 
minerals in one million gallons of water would be 
one part per million (1ppm).  As they increase, the 
water is referred to as "hard" (slang for water 
that was "hard" to make suds in). 



 
Since Calcium Carbonate is usually the main 
mineral that is present in water, the "hardness" in 
water is also referred to as "Calcium Hardness." To 
get rid of the hard water in a cooling tower, it is 
constantly bled off at the same rate as evaporation, 
to maintain a low TDS level, which is measured in 
ppm chemically. It can also be measured 
electrically by a Conductivity Meter, which 
measures the conductivity of the water, because the 
conductivity of the water increases in direct 
proportion to the mineral content. Conductivity is 
expressed in a unit of conductance called siemen or 
mho (the opposite of ohm which is the unit of 
resistance.) These values are usually expressed in 
Micromhos or Micro Siemens which are roughly 
twice the value of ppm (actually ppm = 40% of 
Micromhos (mmhos/cm) or micro Siemens 
(ms/cm.) For instance, 1000 mmhos/cm or ms/cm 
would be about 400 ppm. Any amount of TDS can 
form as scale, but normally-scale problems start 
around 200 ppm (500 mmhos) TDS and serious 
problems occur after 1,000 ppm TDS. 

Here is the first problem: As the warm condenser 
water is cooled by the tower air drafts, a large 
amount of the water is evaporated into the exhaust 
air flow and blown out of the tower. While this 
rapid evaporation cools the warm water from the 
chiller condenser quite efficiently, the evaporated 
water leaves behind all of the minerals that came in 
with it when it entered the tower as makeup water. 
These minerals are usually Calcium and 
Magnesium Carbonates (simple limestone) which 
are alkaline minerals that will form a hard scale on 
practically every inside surface in the entire water 
system. When it coats the inside of the Copper 
condenser tubes, they can't transfer the heat from 
the hot refrigerant into the water. It also reduces 
the diameter of the tubes, impeding the water flow. 
When it coats the inside of the connecting pipes to 
the tower it reduces the water flow to the tower 
also. Greater resistance is placed on the pump to 
force water through smaller and smaller pipes and 
tubes. In the cooling tower the scale fills the narrow 
gaps between the fill material and reduces the 
cooling surface areas. It also fills the spreader pan 
drain holes or sprayer heads and will even form on 
the fan blades if they suck up enough unevaporated 
water. So scale is the first and most common 
problem. 

                  

 

 
Here is the second problem: The cooling tower 
draws in large amounts of bacteria with airborne 
dust and pollution, every day. This accumulates as 
more minerals, mud and sludge wherever there is a 
slow down of the water in the system, and some of 
these bacteria can eat steel pipe and Copper tubing. 
Others grow into algae masses, in the tower and in 
the pipes. So, the second problem is bacteria and 
dirt. 

Here is the third and most dangerous problem: 
When cooling towers were invented, chemistry was 
the predominant science, so chemists were hired to 
solve cooling tower problems. Since the primary 
problem has always been scale, the major chemical 
solution has always been to prevent scale or 
dissolve scale with acids. This causes corrosion. It 
is aggravated by the fact that constantly exposing 
the cooling water to air causes the water to dissolve 
large quantities of Oxygen which also corrodes the 
system. The result has been an economic, 
mechanical and ecological disaster. The chemists 
never considered the problems physically; they 
were only trained to deal with things chemically. 
The incredible amount of water pollution from salt 
and water treatment chemicals is the world's 
heritage from the chemical industry's successes. 
The world's junkyards piled high with corroded 
cooling towers, chiller condensers, boilers, heat 
exchangers and miles of corroded pipe, are a solid 
monument to their failures. Now after 40-50 years 
of major water pollution the chemists have run out 
of "drains." With the tremendous population 
increase during that period, billions of gallons of 
polluted water per year began to be noticed, so 
were the thousands of cooling towers that are 
destroyed by corrosion each year along with 
countless miles of cooling system pipe.  

So, the third problem is corrosion caused by 
Oxygen, bacteria and chemicals. 

       



The costs of "improper" chemical water treatment are 
obviously enormous. Let's examine what the normal 
costs should be of the water, the power and the 
recommended "proper" chemical water treatment: 

1.  The Water:  

A cooling tower evaporates 3 gallons per minute 
(gpm) per 100 tons of refrigeration. So a 500 ton 
cooling system loses about 15 gpm or about 900 
gallons per hour (gph). An equal 900 gph is bled off 
to compensate for the mineral accumulation, for a 
total of l,800 gph. The Cooling Tower Institute based 
office building load profiles on an average of 2,640 
annual operating hours. One of the nation's largest 
chemical water treatment companies published a 
much higher figure of 4,320 hours, in a recent 
national magazine article. Operating an average of 
3,000 hours per year, a 500 ton system uses 
5,400,000 gallons with half of it going down the 
drain. At $4.00 per thousand gallons that is about 
$21,600.00 per year for water and sewage, with 
$10,800.00 worth of bleed water going down the 
drain. 
 
2.  The Power:  
 
Pumping 1,500 gallons of cooling system water, per 
hour, requires about 20 hp at .75KW per hp or 
15KW. Pumping the chill water requires about 
20KW. The compressor uses about .7 KW per ton or 
350KW. The fan or fans in a 500 ton cooling tower 
use about 20KW. Total power for this system is 
about 405KW, or 405 X 3,000 hrs = 1,215,000 KWH 
per year. Multiplied times $.05 per KWH = 
$60,750.00 per year; at $.10 per KWH = $121,500.00 
per year. 
 
3.  The Chemicals:  
 
Chemicals, labor and drum disposal costs keep rising 
with every new chemical, but a low figure would be 
.001 X gph.  
In a 500 ton system: 1,800 X .001 = $1.80/hrX 3,000 
hours = $5,400.00/yr. 

 

So, a 500 ton chiller system's costs should average: 
 
Water...........................................$10,800.00 
Power........................................... 90,000.00 
Chemicals.....................................   5,400.00 

Total     $106,200.00/year. 
 

The Bon Aquas required to protect a 500 ton system 
cost approximately $15,000.00 installed and will save 
at least 75% of the bleed water and the chemical bills, 
plus about 5% of the power immediately or: 
 
$8,100.00 + $4,500.00 + $5,400.00 = $18,000.00 per 
year. Bon Aquas' power savings are due to increased 
temperature transfer efficiencies in the condenser and 
the cooling tower, plus reduced pumping resistances.  
 
Chillers, condensers and cooling towers are designed 
to last 20 years. They rarely do under chemical water 
treatment, but based upon that figure Bon Aquas 
which carry a 25 year warranty will save the system's 
owner $360,000.00 in water, chemicals and power 
over the 20 year designed life of the system with 5 
years left on their warranty. This does not include the 
considerable savings from less down time, cleaning, 
repairs, parts, labor and hazardous chemicals 
insurance due to the superior non-chemical protection 
and simplicity of operating a Bon Aqua protected 
system. The total savings definitely place Bon Aquas 
far ahead of any chemical water treatment method. 
 
The profile above is based upon a clean system. Most 
chemically treated systems are dirty, scaled and/or 
corroded. It is recognized that a dirty cooling system 
can cost an additional 50% in power alone. Even if a 
cooling system is operating at 90% of design 
efficiency under chemical treatment, it is still losing 
more than the total purchase price of a Bon Aqua 
system every single year. 
 
How much will Bon Aquas save the chiller-cooling 
tower owner? Conservatively, more than the Bon 
Aquas' total original cost every single year! 
 

 



Conversion Factors for Return on Investment Program for 
Air Conditioning Chillers & Cooling Towers 

Water: 
1.    Cooling water flow rate = 3 gpm X tons of refrigeration 

Example: 500 ton system X 3 = 1,500 gallons per minute 
2. Cooling tower evaporation = 3 gpm X each 100 tons of refrigeration  

Example: 500 ton system =5  X 3= 15 gpm rate of evaporation 
3.    Cooling Tower Bleed = Cooling Tower Evaporation 

Example: 500 ton system = 15 gpm evaporation + 15 gpm bleed 

Power: 
4.    Chiller average Design KW/Ton = .7 

Example: 500 ton system = .7 X 500 = 350 KW per hour or 350 KWH 
5.    Pump motor ratings = HP X .75 = KW per hour 

Example: 20 HP pump = .75X20= 15 KW per hour or 15 KWH 

Temperatures: 
6. Condenser cooling water temperature: usually about 10° difference  

Example: 80° entering 90° leaving. 
7. Chiller condensing temperature: usually 7°-8° above cooling water leaving temp.  

Example: cooling water leaving temp. 90P, chiller condensing temp. 97° 
8. Temperature drop across cooling tower: usually about 10°  

Example: 90° entering, 80° leaving. 

-REMEMBER: No estimations or calculations based on "averages" and/or "conversions" will replace the 
actual values, if they are known. For example, if there is a water meter on the makeup water line and 
there are good water records, read the meter and read the records; those are the real water volumes and 
flow rates. If there are electric meters on the chiller compressor and cooling water and chill water pumps 
and on the cooling tower fans and there are separate power bills or good records, read the meters and 
the bills and records; those are the real power rates and total power costs. 

The next best method is to take the HP or KW ratings off the compressor, pump and fan motors and 
check them against the manufacturer's start-up log to see if different equipment has been added to the 
system. It is common for engineers to add additional cooling pipe or more elbows, tees, etc., or more tube 
bundles or cooling coils to a cooling tower and not install a larger circulation pump to overcome the 
additional head loss created, therefore, working the original pump at much higher amp ratings. There is 
usually an amp meter on the compressor motor with the start-up log marks on it; compare the present 
amps to the design value in the log. 

Always apply the Bon Aqua percentages of savings to the real values, if you can get them. If the customer 
has his annual water bill, for a cooling system, half of that water went to bleed and Bon Aquas will save 
75% of the half. Multiply .001 times the annual total gallons to get the chemical bills. If the customer has 
the actual bills, use those. If they are significantly lower than they should be, look for a dirty system. If the 
customer has a separate power bill for the complete chiller-cooling tower system, Bon Aquas will save at 
least 5% of that bill, next year. 

 



CHILLER EVALUATION REFERENCE SHEET 
 

Water Volumes: 
 

Total Water Usage:  6 gpm X each 100 Tons = Total gpm 
    Total gpm X 60 = Total gph 
    Total gph X annual operating hours = Annual Water Usage 
 
Total Bleed Water:  3 gpm X each 100 Tons = Bleed gpm 
    Bleed gpm X 60 = Bleed gph 
    Bleed gph X annual operating hours = Annual Bleed Water 
 

Chemicals: 
 

Annual Chemical Costs: 
 
  Annual water usage X $.001 = Annual Chemical Costs 
 

Power Volumes: 
(KW = HP x .75) 

 
Chiller Power:  Design KW/T X Rating Tons = KWH 
   KWH X Annual operating hours = Total KWH 
   Total KWH X Cost per KWH = Total Costs 
 
Pumps Power: Pump KW X Annual operating hours = Total KWH 
   Total KWH X Cost per KWH = Total Costs 
 
Fans Power:  Fans KW X Annual operating hours = Total KWH 
   Total KWH X Cost per KWH = Total Costs 
___________________________________________________________________ 
EXAMPLE: 
 
500 ton chiller, design KW/T is .7KW/T, circulating pump 15 KW, chill water pump 20KW, 
current condensing temp is 2˚ higher than design temp in start up log. Water cost is $1.75/1000 
gallons, power is $.075/KWH, annual operating hours are 3,000. 
 
  Total Water = 6 X 5 X 60 X 3,000 = 5,400,000 gallons 
  Total Water Cost = $1.75 X 5,400 = $9,450.00 
  Bleed Water = 3 X 5 X 60 X 3,000 = 2,700,000 gallons 
  Total System Power = .7 X 500 + 20 + 30 X 3,000 = 1,200,000 KWH 
  Total System Power Cost = $.075 X 1,200,000 = $90,000.00 



PROPOSAL INPUT FORM  

Fax completed form to +800.297.5644 
Customer: 
 

Contact: 
 

Address: 
 

Phone: 

City, ST, Zip: 
 

Fax: 

Equipment Location: Email: 

Type, Size & Mfr. of Equipment:   
 

       ROI:  Yes     No                                  Use one input form for each system to be quoted.                 

Number Size  Type of Line  (See below*) Units 

    

    

    

    

    

    

  Total  

 
*Lines Needed For Each Type Equipment  
Cooling System   Return to tower; Supply(s) to Condenser/Heat Exchanger(s); Make Up Line(s)  
Boiler System Horsepower; Supply Line to Boiler; Make Up Line; Condensate Return Line(s) 
Air Wash System Supply to Air Washer; Return to Chiller; Make Up at Sump 
Also Supply Lines to any additional equipment i.e., Air Compressors; Mold Machines, By-Pass, etc 

 
Cooling System ROI Input Information  
Complete information is necessary for ROI.               

Yearly Evaporative Hours:    System Tonnage: Number HP KW 

Water Cost per 1000 gal.:    Cooling water circulating pump(s) rating        

Sewer Cost per 1000 gal.:    Chill water pump(s) rating        
Power Cost per KWH:    Tower Fan Motor(s) rating        
Annual Chemical Costs:            
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