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Understanding Ozone Manufactured from Oxygen vs. Dried Air
Introduction
Commercial ozone systems must use dried air, bottled oxygen or oxygen generated on-site (with an oxygen concentrator) in order to function.  Dried air (utilizing a desiccant) was originally used in the world’s first municipal drinking water ozone sanitation system in 1906. These first air dryers were very inefficient (a dew point of no greater than -20˚C), and were the cause of about 90% of the maintenance on early ozone systems. Over the decades, improvements were made, such as the invention of Pressure Swing Adsorption (PSA) air dryers in the early 1940s and then the invention of PSA oxygen concentrators around 1958.  In fact the major technology improvement of all commercial ozone generators between 1910 and 1980 was improvement in feed gas preparation. Since the early 1990s, oxygen (preferably oxygen concentrators offering a dew point of -100˚F) is the preferred method for modern ozone systems, especially for commercial aquariums.  This paper compares the inherent differences (or pros and cons) of the use of oxygen concentrators vs. air dryers, in terms of performance and animal health for commercial aquariums. 
General Information
Air-Fed Systems

1. Commonly used air dryers
a. Desiccant air dryers (replaceable system)
b. Pressure swing adsorption (PSA) air dryers (self-regenerative)
c. Thermal swing adsorption air dryers (regenerating with heat)
2. Air dryers require approximately 100 psi of compressed air; approximately 70% of the air is recovered for use in the ozone generator; the required air flow is double that of the same sized ozone generator using oxygen as the feed gas

3. Air dryers have multiple components and are high maintenance (continuous maintenance is critical for performance)
4. Air dryers provide -30 to -100˚F Dew point feed gas depending on type, and as long as they are meticulously maintained
5. Air dryers provide 21% oxygen, 78% Nitrogen and 1% trace gases

Oxygen-Fed Systems

1. Commonly used oxygen concentrators

a. Pressure swing adsorption (PSA) oxygen concentrators  (self-regenerative) 
2. Oxygen concentrators require 25-90 psi (depending on size) and about 9% of the air is recovered as oxygen for use in the generator; air flow is half that of the same sized ozone generator using dried air as the feed gas
3. Oxygen concentrators have less components than air dryers and are typically low maintenance
4. Oxygen concentrators provide -100˚F Dew point feed gas consistently
5. Oxygen concentrators provide approximately 93% oxygen, 3.1% Nitrogen,  3.8% argon 0.1% trace gases
Cost and Performance

Cost Comparison

1. A typical air dryer is 10-20% the cost of an oxygen concentrator

2. The compressor for a typical air dryer is about 40-50% the cost of the compressor for an oxygen concentrator

3. On average the oxygen concentrator represents about 20% of the total ozone system cost
4. On average the compressor for an oxygen system represents about 15% of the total ozone system cost
5. With the addition of O2, the ozone output is doubled for the same sized generator
Performance Comparison

1. Depending on the specific design, an ozone generator utilizing oxygen as the feed gas will provide approximately twice the amount of ozone in grams/hour (pounds/day) as the same sized ozone generator utilizing dried air
2. Depending on the specific design, an ozone generator utilizing oxygen as the feed gas will produce approximately half the amount of gas flow (SCFH) as the same sized ozone generator utilizing dried air

3. Depending on the specific design, an ozone generator utilizing oxygen as the feed gas will provide approximately twice the amount of concentration of ozone gas (in % by weight) as the same sized ozone generator utilizing dried air.  The benefits are undisputable:
a. The higher the concentration of ozone gas, the more efficiently the ozone is dissolved into the water (mass-transfer); when the concentration is doubled,  the mass-transfer is doubled when an efficient mass-transfer device is employed 
b. Oxygen-fed systems have half  the off-gas to be degassed and destroyed as air-fed systems because of better utilization of the available ozone gas (mass-transfer)
c. Smaller injectors are required with oxygen-produced ozone; about half the size of those needed for air-fed systems
4. The ozone generator will require less maintenance when using an oxygen concentrator vs. an air dryer (nitric acid build-up in the generator is much higher with dried air); air dried systems are reported to have 3 to 4 times higher nitric acid buildup than with a system utilizing O2 as the feed gas
5. The common molecular sieve material used in  oxygen concentrators is more efficient at holding moisture than desiccant material used in an air dryer

6. Oxygen concentrators are sourced from the health care industry, designed for human breathing, assuring that they are reliable and safe

7. Modern municipal drinking water and wastewater ozone systems either use oxygen as their feed gas, or are upgrading older dried air-fed systems to oxygen-fed systems
8. Commercial swimming pool ozone systems use oxygen as their feed gas
Animal Health 
1. Oxygen-produced ozone will have only trace amounts of dissolved nitrogen in the water and more dissolved oxygen which makes the water healthier for aquatic animals
2. Since dried air systems utilize twice as much gas flow as O2 fed ozone systems, and because the nitrogen levels are 78% vs. 3% respectively, the likelihood of excessive nitrogen occurring in the water is far greater in an air-fed system than in an O2  fed system
3. Gas Bubble Disease (Nitrogen Narcosis or Nitrogen Saturation) is a concern if fish are exposed to water super saturated with nitrogen. More gas emboli are produced by excessive nitrogen than by excessive O2 because DO2 is assimilated metabolically and less likely to form persistent bubbles.
4. Normal DO2 level in seawater is 7.5-8.5 PPM (mg/L) at 20˚C; normal coral reefs are 4-6 PPM (mg/L) 
5. High DO2 level in seawater is 12 PPM (mg/L) at 20˚C

6. Normal DO2 level in fresh water is 9 PPM (mg/L) at 20˚C 
7. High DO2 level in fresh water is greater than 10 PPM (mg/L) at 20˚C 
8. There is no danger of excessive DO2 levels in aquarium water utilizing ozone made with oxygen for the following reasons:
a. Sidestream percentage is never greater than 20%

b. When using a 20% (or less) sidestream of 95% O2 and considering 95% mass-transfer efficiency and 15 psi in the contact/degas tank, the maximum additional DO2 is 3.2 PPM (mg/L) in 20˚C  water assuming no oxygen demand
c. There is always an oxygen demand in the water with animals (further reducing the chance of increased DO2 levels in the water)
d. Ozone levels are controlled with ORP (limiting the dissolved O3) 
e. DO2 levels greater than 12 PPM (mg/L) will impart a milky look to the water and can be immediately corrected (DO2 levels greater than 20 PPM (mg/L) can cause fish mortality)
f. Adding DO2 to commercial aquarium water at modest levels will increase the health of the water which is nearly always in an oxygen-demanding state; according to one seasoned marine scientist, “While 4-6 PPM (mg/L) is normal for warm coral reefs, a little higher level gives a bit of cushion even when the lights go off as typically DO2 levels drop at night”
9. In all cases, a properly designed commercial aquarium will provide the means to control super-saturation of any dissolved gases in the animal habitat.  However the use of oxygen-fed ozone systems offers more controlled mass-transfer, more manageable operation of the entire system, a smaller footprint for injector assemblies, smaller de-gas system, and easier maintenance of the ozone system in general with dramatically reduced nitric acid build-up.


Basic Ozone System (without protein skimmer)
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Basic Ozone System (with protein skimmer)
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· The most efficient way to get the ozone into the water is to raise the O3 concentration and lower the gas to liquid ratio (volume of gas/volume of liquid[Vg/Vl ])
· Raising the ozone concentration, while lowering the gas to liquid ratio, and operating under the highest pressure available with the most aggressive mixing components provides the most efficient mass transfer
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Henry's Law Formula


ep = ekc


Where:


e = natural logarithm 


p = partial pressure of the solute above the solution 


c = concentration of the solute in the solution


k = Henry's constant 





Taking the natural logarithm of the formula, gives us the more commonly used formula:


p = kc 
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