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OAT™ PROCESS 
Executive Summary 

 
 

Over the last 50 years, anaerobic treatment throughout the world has 
been consistently viewed by researchers, practitioners, and end users 
alike, as but a simple phenomenon of nature rather than a fantastic 
and magnificent biochemical engineering process.   

 
The Institute of Gas Technology is a trade association of the natural gas 
industries.  To its undeniable credit, it was the very first entity to manage 
mesophilic anaerobic reactions as a biological process by successfully 
establishing the viability of two-phase treatment.  
 
WaterSmart Environmental took this excellent step in the right direction to 
the present level by adding: 
 

 Fixed Or Attached Growth Media = Captive Bacteria Population 
 Thermophilic Bacteria = 4 Times The Mesophilic Metabolic Rate 
 Staged Treatment In Each Phase = Greater Efficiency 
 Nutrient Addition In Both Phases = Greater Efficiency 
 Flow Recirculation In All Phases And Stages = Greater Efficiency   
 pH And Temperature Control In All Stages = Greater Efficiency  

 
 
As a result, the OAT™ process: 
 

 Accomplishes Extremely High Levels Of Treatment 
 Is Only Half The Cost Of Existing Anaerobic Treatment Technologies 
 Generates Very Pure Methane And Carbon Dioxide As Co-Products 
 Generates Twice The Methane As Existing Anaerobic Technologies 
 Generates Class A Rather Than Class B Biosolids 
 Is But 10% The Size Of Existing Anaerobic Treatment Technologies 
 Makes All Aerobic And Other Anaerobic Technologies Obsolete 
 Can Become The Dominant Technology In Municipal Privatization  
 Can Become The Dominant Waste-To-Energy Process 
 Can Become The Dominant Waste-To-Ethanol Process 
 Can Be Used To Generate Hydrogen Gas, Vinegar, And Additional  

First-Phase Commodities 
 Always Provides A Very Positive Return On Investment  

 



OAT™ Process Benefits: 
 

 Sludge qualifies as Class A Biosolids 
 Reduced landfill disposal costs 
 Reduced sludge hauling costs 
 Reduced chemical conditioning costs 
 No energy required for routine plant operation 
 Excess energy generated for profit 
 Greatly reduced (about 90%) land area required  
 Elimination of effluent disinfection 
 Greatly reduced (about 30%) plant acquisition costs  
 Elimination of greenhouse gasses 
 High quality Carbon Dioxide generated for beneficial use 
 High quality methane gas generated for beneficial use 
 No odors 
 Removal of Heavy Metals  
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Process: OAT™ - Optimized Anaerobic Treatment Process, U.S. Patent No. 5,630,942 
 
Process Description 
The OAT Process represents a breakthrough improve-
ment in anaerobic treatment.  Conventional anaerobic 
treatment consists of a single vessel suspended growth 
digester at about 35°C (95°F).  It is well known that the 
routine operation of anaerobic digesters requires very 
close attention as the continuing adjustment of pH and al-
kalinity is process demanding. The most significant under-
lying reason is that two independent biological steps, or 
phases, are occurring simultaneously within a single fer-
mentation or digestion vessel.  In the first phase, called 
acetogenesis, hydrolytic and acidogenic bacteria convert 
dispersed and dissolved organics into aldehydes, alcohols, 
acids, and carbon dioxide.  In the second phase, called 
methanogenesis, methanogenic bacteria convert the 1st 
phase intermediates into mostly methane gas.  Sulfur con-
taining compounds, if present, are reduced to hydrogen 
sulfide gas.  Heavy metals, if present, are reduced to in-
soluble sulfides.  First phase acetogenesis is optimized at 
a pH range of 4 to 6 at an ORP of  +200 to +300mV 
whereas second phase methanogenesis is optimized at a 
pH range of 7 to 8 at an ORP of -400 to -450mV. When 
both such steps occur in a single vessel at a single pH and 
ORP, the anaerobic reactor always operates at a highly 
depressed level of process efficiency.  By isolating these 
independent biological phases, one significantly optimizes 
the process efficiency of each thus greatly enhancing 
overall system performance while simultaneously reducing 
the total size of the anaerobic digestion equipment. 

Other improvements that have been incorporated in the 
OAT process consist of: 

 Utilizing attached growth rather than suspended 
growth bacteria.  This modification greatly decreases 
the total reactor size because of the inherent ability to 
accommodate perhaps a fivefold increase in active 
bacteria population when compared with suspended 
growth anaerobic digesters, 

 Using thermophilic bacteria at 59°C (138.2°F) that are 
capable of metabolizing organics at four times the rate 
of mesophilic bacteria.  This higher temperature per-
mits a further reduction in the size of the digestion 
equipment as well as the associated hydraulic resi-
dence time (HRT). 

 The deployment of two independent vessels, or com-
partments, for both acidogenic and methanogenic 
phases.  Each such phase is arranged for two stages 
of treatment in order to closely approach maximum 
theoretical process efficiency. 

The above several improvements permit anaerobic treat-
ment to unleash its true and mighty potential. The OAT 

process uses inclined corrugated plate flocculators and 
separators to achieve excellent hydraulic mixing as well as 
efficient solids/liquids/gas separation within each of the 
treatment stages.  In addition, the same plates constitute a 
support media for attached growth biological slimes 
thereby serving two essential process functions.  Because 
the biological growths are fixed, the hydraulic residence 
time can, for the most part, be disregarded as a design 
condition.  The Volatile Solids (VS) loading rate then be-
comes the primary process design condition.  Sludge is 
periodically wasted, as necessary, from each the several 
reactor stages.  Treated effluent can be discharged to a 
POTW publicly owned treatment works or further purified, if 
necessary, by either aerobic or physical/chemical treat-
ment, depending on regulatory agency or other require-
ments.   

All of the above OAT process embodiments are shown on 
the attached engineering drawing No. S-1400.  Please 
note that the use of essential nutrients permits more com-
plete sludge reduction as well as methane production.  
Leaving nutrient balance to chance, as is often the case, 
fails to recognize anaerobic digestion as a genuine treat-
ment process. 

OAT™ Process Efficiency Improvements 
A typical conventional high rate (CHR) digester will gener-
ate about 1 cubic meter (35.314 cubic feet) of 65% meth-
ane rich biogas per cubic meter of digester volume.  By 
comparison, the OAT™ process will generate at least 37 
cubic meters (1,306 cubic feet) of 98% methane biogas per 
cubic meter (35.314 cubic feet) of digester volume.  When 
compared on a methane basis, the digester volume ratio 
improvement balloons to a tremendous 55:1.  This dra-
matic increase in process efficiency can be explained by 
several innovations in the OAT™ design: 

 With the OAT™ process practically all volatile solids 
(loss on ignition at 550 ± 50°C) are completely reduced 
to organic acids and other intermediates by first phase 
hydrolytic and acidogenic bacteria.  Contrast this with 
typical CHR digesters, which typically reduce these or-
ganics by about 50% without reducing hemicellulose or 
lignin.  In a single phase CHR digester, the pH is much 
too high to permit effective biological attack on these 
two classes of substrate. In fact, whenever the acid 
forming bacteria in a CHR digester begin to lower the 
pH, it’s actually seen as a signal to add lime to ‘protect’ 
the methane formers.  The OAT™ process allows 
these two distinct biological phases to function sepa-
rately, at optimum conditions for each. This factor 
alone accounts for a 2:1 increase in process efficiency. 

Effective Date: September 1, 2000 WSE Publication No. 1895   
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 The OAT™ process uses thermophilic bacteria, which 
operate at temperatures around 59°C.  Standard CHR 
digesters are designed for mesophilic bacteria, which 
operate at about 38°C. Since metabolic rates double 
with each 10°C rise in temperature, the 20°C+ differ-
ence between OAT™ and conventional technology re-
sults in a fourfold increase in the metabolic rate. 

 Extensive research by WSE engineers has shown that 
the use of generous flow recirculation in the OAT™ 
design again doubles process efficiency. 

 The captive bacteria population of the fixed growth 
bacteria used by the OAT™ process is 5 times greater 
per unit volume than the suspended growth bacteria 

found in CHR digesters, giving OAT™ another two-to-
one advantage in process efficiency. 

 Lastly, by permitting each phase to operate at its opti-
mum pH and ORP, significant additional process effi-
ciency occurs on the order of another 2:1 basis per to-
tal digester volume basis.  For greater detail please re-
fer to the section ‘Two-Phase Treatment’ on page 8. 

The product of the several individual efficiency increases is 
found by multiplying 2 x 4 x 2 x 2 x 2 = 64 times greater 
efficiency.  This allows for a much more compact plant de-
sign, which in turn decreases the cost of the equipment.  
And since the OAT™ process generates separate CO2 and 
CH4 gas streams, the quality of the biogas is significantly 
greater than that produced by CHR digesters.   

Comparison Between Conventional High Rate  
CHR and OAT Process Anaerobic Treatments 

Item CHR OAT 
Equipment size based on organic load X 25%X 

COD loading, typical  Up to 20 kg COD/m3/day
(1,240 lbs COD/1,000 ft3/day)

100+ kg COD/m3/day 
(6,250 lbs COD/1,000 ft3/day) 

Sludge production, dry weight basis 0.2 kg/kg COD removed
(0.2 lbs/lb COD removed)

0.01 kg/kg COD removed 
(0.01 lbs/lb COD removed) 

COD reduction 65-85% 85-95% 
BOD reduction 70-95% 90-99% 
Volatile solids reduction 45-65% 90-95% 
Biological type Suspended Growth Attached Growth 
Temperature 35°C (95°F) 59°C (138.2°F) 

Methane yield based on COD 0.21-0.25 m3/kg COD removed
(3.44-4.01 ft3/lb COD removed)

0.35 m3/kg COD removed 
(5.62 ft3/lb COD removed) 

Methane yield based on volatile solids 0.38-0.56 m3/kg VS removed
(6-9 ft3/lb VS removed)

0.75 m3/kg VS removed 
(12.0 ft3/lb VS removed) 

Biogas methane purity 60-70% 98+% 

Biogas heat value 22,000-30,000 kJ/m3

(600-800 Btu/ft3)
36,000 kJ/m3 
(~950 Btu/ft3) 

Inlet strength Should be somewhat consistent Can vary considerably 
Inlet flow rate Should be somewhat consistent Can vary considerably 
Ability to operate successfully at less than design 
load Somewhat limited Mostly unlimited 

Ability to successfully accommodate high sus-
pended solids loadings Somewhat limited Mostly unlimited 

Susceptibility to biomass washout Yes No 
Heavy metals removal No Yes 
Biosolids disposal compliance with 40 CFR Part 503 
pathogen standards No Yes (less than 1000 fecal  

coliforms/gram of dry solids) 

 

Methane Conversion to Energy 
The methane generated from the OAT process can be 
cleaned to pipeline quality.  It compares closely with natu-
ral gas in Btu value.  Roughly speaking, a conventional 
activated sludge aerobic treatment plant with conventional 
high rate (CHR) anaerobic digesters will consume about 
8,000 kJ/kg COD (3,500 Btu/lb COD) removed.  Using a 
one million gallon per day (1 MGD) conventional municipal 
activated sludge sanitary wastewater plant as a reference 

treatment facility, this amount of energy consumption 
translates into approximately 2,800 kWh/day1.  If the bio-
gas from the digesters is used to generate electricity to run 
pumps, blowers, and other electrical equipment, the total 
plant energy consumption can be reduced by approxi-
mately 50% to about 1,400 kWh/day.  The beneficial use of 
biogas as above described represents common practice at 
hundreds of treatment plants nationally as well as interna-
tionally on both sanitary and industrial wastewaters alike.  
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A 50% reduction in energy costs represents is a good 
first effort but falls far short of the true potential avail-
able.  A significant excess of total plant energy can be 
generated.  Part of the excess immediately reduces the 
plant energy costs to zero.  The remaining excess can be 
sold at a profit either in the form of pipeline quality natural 
gas or as green power electricity.  Green power can be 
sold locally or marketed over the internet as a commodity.  
Rather than being viewed as a burden on society, a 
wastewater treatment plant can actually provide a signifi-
cant positive return on investment.  This is how: 

Step One: The change-out or conversion of the 
CHR digesters to the OAT™ process will result in the gen-
eration of twice the biogas gas because of its ability to re-
duce twice as much volatile solids to methane.  This single 
change by itself will reduce the plant’s energy costs to 
zero.   

Step Two: Since the plant’s aeration basins con-
sume tremendous quantities of energy, the switch to total 
anaerobic treatment completely eliminates this principal 
source of electricity consumption.  The aeration basin(s) 
treats approximately 43% of the organic load.  By adding 
this load to the OAT™ process, the excess energy gener-
ated translates into (0.43 x 2,800) 1,200 kWh/day.  Adding 
this energy to the elimination of aeration costs of 2,800 
equals 4,000 kWh/day.  At an electricity sell price of, say, 
4.0 pennies per kilowatt hour, the excess energy repre-
sents $160/day income to the treatment plant or a 
$384/day total improvement from the above Step One 
starting point. Rather than just another treatment facility, 
the plant becomes a distributed energy source with a 
positive ROI. Depending on energy marketplace condi-
tions, the excess energy in the form of pipeline quality 
natural gas may be preferentially sold at prices that, from 
time to time, might be more profitable than the sale of elec-
tricity.  For rough preliminary comparison purposes, 
$2.00/1000 cubic feet natural gas is approximately equiva-
lent to $0.03/kWh electricity.   

Generated biogas may be used to power gas blowers, gas 
pumps, boilers, or gas generators. The efficiency of gas 
generators has recently been improved.  Microturbines and 
fuel cells also represent significant improvements in the 
efficient generation of electricity A traditional gas genera-
tor, for example, is about 32% efficient in converting biogas 
to electrical energy.  28% of the wasted energy can be re-
claimed from the generator engine cooling water and an 
additional 12% can be reclaimed from the engine exhaust 
gas using a gas/liquid heat exchanger.  28% of the energy, 
however, is ultimately lost in the generation of electricity. 
Before starting a treatment plant upgrade a comprehensive 
energy and equipment audit is recommended and abso-
lutely required in order to determine the maximum utiliza-
tion of the generated methane.  In all such instances, how-
ever, the produced energy will result in a positive return 
on investment.  The more concentrated and warmer the 
wastewater the faster the return on investment, and vice 
versa.   

Methane fuel cells offer greater biogas to electricity con-
version efficiencies than gas generators.  Better conver-

sion efficiencies translate into even faster and better re-
turns on investment. 

In order to evaluate the energy potential of an OAT proc-
ess, the approximate biogas value interruptible service is 
based on $0.00000038/kJ (US$0.40/Therm) which, in turn, 
is equivalent to $0.033/kg COD removed (US$0.015/lb 
COD removed).  For evaluation purposes, a table of con-
version values is provided below. 

Conversion Values 
Item Equivalent Value, 1997 

1kWh 3,414 Btu 
1Btuh 0.000392594 HP 

1kW 1.34102 HP 
Steam 1,000,000 Btu/1000 lbs 

Propane 91,500 Btu/gallon 
#2 Fuel Oil 138,700 Btu/gallon 

Therm 100,000 Btu 
          100 ft3 Natural Gas 103,000 Btu 

1 US Gas Btu US$0.0000043 
Natural Gas Therm Inter-

ruptible US$0.26 

Natural Gas Therm Firm US$0.58 
100 ft3 Natural Gas US$0.446 

Biogas Value US$0.45/100 ft3 
Biogas Value US$0.16/m3 

1 US Electric Btu based 
on 0.054/kWh US$0.0000158 

1.055 kJ 1 Btu 

1m3 35.314 ft3 
264.187 US gallons 

100% Methane Gas 978 Btu/ft3 
1700 kWh 1 barrel of oil 

131 ft3 OAT Biogas 
(based on 98% meth-

ane) 
1 gallon of gasoline 

120 ft3 natural gas 
131 ft3 OAT™ process biogas
1.40 gallons propane 
1.26 gallons butane 
3.13 gallons BioOil 
0.91 gallon #2 fuel oil 
9.36 lbs bituminous coal 

1 gallon of gasoline

21.3 lbs medium-dry wood 

Please note that a purchased electric Btu is approximately 
3 times as expensive as a purchased gas Btu in the USA.  
Comparative values will vary by country. 

In analyzing the potential for methane conversion to en-
ergy, kindly note that industrial electrical rates are in large 
measure based on peak user energy demands.  By reduc-
ing or replacing purchased peak demand electricity sub-
stantial savings can be realized.  Because significant costs 
are at stake the several analyses required to fully develop 
the most cost effective energy approach should be
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performed by qualified and experienced engineers.  The 
Energy and Power Management Division of WaterSmart 
Environmental is a full service energy management system 
EMS company. This division can assist your engineers or 
management in developing a complete energy audit for 
each OAT application under consideration.  

Applications  
In addition to sanitary wastes, the OAT process can also 
digest food, industrial, animal and agricultural wastes, and 
in addition, types O and 1 cardboard, paper, and carton 
solid wastes when fed in liquid slurry form.  The potential 
for excess energy treating other organic wastes may be 
roughly established by comparing the organic load in the 
form of volatile solids with the previous 1 MGD sanitary 
wastewater treatment example cited.  And as previously 
analyzed existing municipal treatment plants with con-
ventional digesters can be upgraded to monumental 
energy production facilities with a positive return on 
investment by converting to the OAT process. 

Process design changes to existing biological treatment 
and the addition of gas generation equipment should also 
be considered as integral considerations of the upgrade.  
Figures 1 and 2 show a process comparison of a typical 
activated sludge treatment plant and its upgrade to the 
OAT process thereby easily increasing its organic load 
capability by an order of magnitude.  All single-phase an-
aerobic treatment processes generate both carbon dioxide 
and methane in a common compartment.  By comparison, 
the OAT Process generates these two predominant gas-
ses in separate compartments thereby maximizing the pu-
rity of each.  The market value of methane is well estab-
lished.  The rather pure carbon dioxide produced in the 
OAT process also has commercial value as well.   

Recently, gas-to-liquid technology has been introduced 
which permits the generation of diesel fuel or heating oil 
from natural gas.  Since biogas can be upgraded to the 
quality of natural gas, the production of liquid fuels is now 
possible.  Approximately 2,000,000 lbs COD/day can pro-
duce sufficient OAT™ Process biogas to generate about 
3,000 barrels of fuel/day.  

The above referenced animal, agricultural, and solid waste 
disposal features can be used with all OAT process appli-
cations without exception or reservation.  Rather than shun 
added organic loads, the OAT process welcomes the op-
portunity to convert even more waste products into addi-
tional biogas.  The accompanying graph shows the ap-
proximate comparative new installation costs of OAT  and 
conventional anaerobic treatment processes.  The upgrade 
cost of converting an existing conventional anaerobic plant 
to the OAT process is, of course, even less expensive. 

No Greenhouse Gas Emitted 
Carbon Dioxide gas has been identified as a major source 
of global warming.  Both aerobic and anaerobic treatment 
plants generate significant quantities of carbon dioxide in 
the process of reducing BOD and COD.  In the OAT proc-
ess, however, all produced gasses are treated to remove 
hydrogen sulfide as well as carbon dioxide.  Therefore, no 
global warming occurs as a result of using the OAT proc-
ess.  The OAT process may be considered for the follow-
ing aqueous waste treatment applications: 

 Breweries and Distilleries 
 Chemical Plants 
 Dairy/Cheese Production 
 Denitrification 
 Ethanol Plants  
 Food Processing 
 Fruit/Vegetable Canning  
 Grain Processing 
 Landfill Leachate 
 Meat, Fish, and Poultry 
 MTBE Groundwater Treatment 
 Municipal Sanitary Wastewater 
 Organic Chemicals 
 Palm Oil Mills 
 Pharmaceuticals  
 Pulp and Paper 
 Potato Processing 
 Rubber Plantations 
 Sugar Factories 

Effluent Disinfection 
Not required as both biosolids and liquids are pathogen 
free as a result of routine treatment. 

Pilot Plant Testing 
The engineers and scientists at WaterSmart Environmental 
welcome your Optimized Anaerobic Treatment inquiries 
with enthusiasm. OAT pilot plants can be furnished to 
generate data for precise full-scale design. And since the 
OAT process is capable of generating significant quanti-
ties of high quality methane gas, it should be regarded as a 
commercially productive facility in addition to an effective 
treatment plant.  Exact fuel production can be established 
with an OAT pilot plant program before investing in a full 
sized facility. 

1 Wastewater Engineering: Treatment, Disposal, Reuse, Metcalf & Eddy, 
Inc., 2nd Edition, p. 137 (1979) 

© 2000 WaterSmart Environmental, Inc. 



         5 
 

 

1998 Estimated Acquisition Cost Range* 
CHR vs. OAT Process 

Based on Chemical Oxygen Demand (COD) and Volatile Solids (VS) Loadings 
*Excludes Cost of Produced Energy Utilization Equipment 
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Typical Aerobic Treatment Plant 
Figure 1 

 
 

 
 

Converted Activated Sludge Treatment Plant 
Figure 2 
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WaterSmart’s Waste-To-Energy Program 
Using the OAT Process  

 

Did you know that bacteria can change the vast majority 
of both liquid and solid wastes into methane gas?  Meth-
ane gas is currently being used worldwide as a fuel for 
heating homes and industrial boilers as well as running 
transportation equipment.  It can also be converted into 
electricity.  In essence, human, animal, and agricultural 
wastes represent a renewable energy source.  The pro-
duction of useful energy from wastes represents a 
preferred environmental solution and an intelligent 
use of modern technology.  

The specialized bacteria that convert wastes into energy 
are used in the OAT™ Process of Anaerobic Wastewater 
Treatment.  

Converting Waste-To-Energy is responsible management 
of wastes.  It is also extremely beneficial as upwards of 
20% of the energy usage of a community can be gen-
erated from organic wastes.  

In addition to the above economic benefits, the associated 
environmental impact is extremely beneficial because: 

 Waste volumes are reduced, 
 Waste disposal creates usable energy, 
 Waste disposal actually pays for itself with a posi-

tive return on investment, 
 This type of waste disposal helps preserve the en-

vironment for our children and their children, and 
 Wastes represent a renewable energy source be-

cause they are a natural byproduct of human and 
animal life. 

The OAT™ Process In General 
The following brief introduction to the OAT™ process of 
anaerobic treatment will enable plant engineers and con-
sultants to learn more about this waste-to-energy program.  

The OAT™ process is cutting edge technology. U.S. Patent 
No. 5,630,942 was recently awarded to the process.  It is 
now being introduced to several countries.   

Liquid wastes that can be treated include municipal and 
industrial wastewaters such as chemical production, distill-
eries, fish and food processing plants, landfill leachate, 
paper & pulp mills and pharmaceutical wastes. Solid and 
agricultural wastes can be slurried into the liquid wastes 
and also treated.  These wastes can include cardboard, 
sawdust, ocean kelp & seaweed, animal manure, and ag-
ricultural wastes such as rice hulls, grain debris, and si-
lage. 

New OAT™ process plants can be built for the above ap-
plications.  It may also be possible to upgrade existing 
anaerobic treatment plants to the OAT™ process.  If so, the 

upgrade could easily exhibit a tenfold increase in organic 
loading treatment efficiency.  

The opportunity to convert wastes into energy is quite real.  
This splendid environmental solution to the management 
of both liquid and solid wastes deserves serious consid-
eration in your immediate future plans and planning.  

Technical Aspects of the OAT™ Process  
The OAT™ Process is the one and only anaerobic treat-
ment process that utilizes all of the following: 

 Thermophilic Bacteria 
 Attached Growth Bacteria 
 Two-Phase Digestion  
 Staged Treatment/Phase 
 Flow recirculation 
 Nutrient Feed/Phase 
 Computerized Process Controls 

Thermophilic Bacteria 
Bacteria occur in three main species: spherical cocci, rod-
shaped bacilli, and spiral spirilla.  Their actual shapes are 
frequently referred to as spherical, cylindrical, and helical.  
They vary widely in size from 0.5 to 15 microns.  

There are three temperature groups of bacteria in nature, 
namely cold, medium, and hot.  The cold temperature at 
about 15°C group is named Cryophilic or Psychrophilic 
bacteria.  This group has but little significance in wastewa-
ter treatment practice because their metabolic rates are 
extremely slow.  The medium temperature at about 38°C 
group is named Mesophilic bacteria.  Mesophilic bacteria 
are used in perhaps 95% of all large digesters in current 
use worldwide with the remainder using mostly lower and 
less efficient temperatures.  Thermophilic bacteria at about 
60°C are just recently being considered, as their metabolic 
rates are extremely attractive.  The rate of reaction for all 
microorganisms increases with increasing temperature, 
approximately doubling with each 10°C rise in tempera-
ture.  Thermophilic bacteria therefore exhibit over four 
4 times the metabolic rate of Mesophilic bacteria.   

Attached Growth Bacteria 
Bacteria can accomplish beneficial wastewater treatment 
in either of two ways.  If they are randomly suspended in a 
liquid they are referred to as suspended growth bacteria.  
If they are attached to a fixed surface such as filter media, 
plastic media, or fiberglass plates, they are referred to as 
fixed or attached growth bacteria.   

The bacterial population density of attached growth an-
aerobic treatment systems is always significantly higher 
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than suspended growth systems because of the inherent 
preference of virtually all bacteria to live in an attached 
growth mode.  As a result of this cell immobilization, 
attached or fixed growth anaerobic treatment systems 
are always significantly smaller and inherently less 
expensive to process upsets than suspended growth 
systems.  In addition, initial plant start-up is accom-
plished much faster due to the quicker colonization of 
acclimated bacteria. 

Attached growth systems are also well known to exhibit 
much higher organic loading capabilities due to the exis-
tence of many more bacterial colonies than suspended 
growth digesters.  More bacteria translates into a much 
greater capability to successfully treat more organic 
wastes per unit volume.   

Two-Phase Treatment 
The aerobic biological treatment process that oxidizes 
ammonia nitrogen to nitrates is called nitrification.  Nitrifi-
cation proceeds in two distinct phases.  In the first phase, 
Nitrosomonas bacteria oxidize ammonia nitrogen to ni-
trites.  In the second phase, Nitrobacter bacteria oxidize 
nitrites to nitrates.  Both phases are carried out in a single 
compartment or vessel.  The optimum microbiological en-
vironment of pH, oxidation/reduction (ORP) potential, alka-
linity, biochemical oxygen demand concentration, tempera-
ture, etc. at which maximum phase performance occurs is 
fortunately identical for both such bacteria species. 

In anaerobic treatment there also exist two distinct phases.  
In the first phase, called acidogenesis facultative acid-
forming organisms reduce complex organic matter to or-
ganic acids.  The anaerobic mechanisms consist of an-
aerobic respiration, sulfate reduction, and denitrification. 

 Sulfates are reduced to sulfides while nitrates are 
simultaneously reduced to nitrogen gas 

 Substrate is converted to minerals 

 Cytochromes and enzymes are oxidized 

 Electron transport produces energy for metabolism 

Fermentation electron donors and electron acceptors are 
organics  

 Substrate is transformed to organic intermediates 

 Carbohydrates are oxidized 

 Acetogens produce organic acids 

 Yeasts produce alcohols and CO2  

In the second phase, called methanogenesis, methane-
forming bacteria convert the acids to methane gas and 
carbon dioxide (called biogas).  Some of the carbon diox-
ide produced is also converted to methane gas through 
biological methanation.  The larger the average acid 
molecule in the raw wastes the greater the conversion to 
methane gas and vice versa.   

Unlike aerobic nitrification, unfortunately, each an-
aerobic bacteria species has an optimum microbi-

ological environment that differs, and differs substan-
tially, from the other. Consequently, optimum anaerobic 
performance cannot possibly be achieved in a single-
phase anaerobic digester or reactor. Using both species of 
bacteria in the same reactor vessel automatically retards 
the efficiency of the other!  This reality has been mostly 
ignored or otherwise misunderstood by anaerobic treat-
ment researchers, designers, and anaerobic treatment 
system manufacturers.  As a result, almost all of the 
world’s existing large anaerobic digesters are de-
signed as highly inefficient single-phase reactors.    

Staged Treatment 
The OAT™ process also uses two or more stages of treat-
ment in both anaerobic phases thus closely approaching 
theoretical system performance.  Since both aerobic and 
anaerobic treatment processes closely follow first order 
reaction kinetics, the more the stages the greater the 
process efficiency.   

Nutrient Feed 
Inadequate nutrients promote the growth of Methanothrix 
bacteria that exhibit a low specific activity.  Adequate nu-
trient feed promotes the growth of Methanosarcina bacte-
ria that have a specific activity five times greater.  Since 
the methane gas phase is rate limiting, any process im-
provement in the second phase translates into a significant 
positive enhancement of the total process.  Since nutrient 
addition also supports better acidogenesis, nutrients are 
added to both first and second phases.   

Flow Recirculation and Process Controls 
Generous flow recirculation within each stage of treatment 
further increases process performance, as attached 
growth systems must await the arrival of food at their fixed 
locations before they are able to feed.  Flow recirculation 
accomplishes that delivery requirement.  Lastly, precise 
process controls keep the microbiological environmental 
conditions at their respective optimums thus achieving 
maximum and consistent process treatment. 

OAT™ Process System Start-Up 
1. Fill the several reactors from any water source. 
2. Start all recirculation pumps. 
3. Heat all digesters to approximately 38°C. 
4. Initiate chemical feed pumps to adjust the pH in 

each stage of treatment. 
5. Seed the first phase reactors with: 

A. Mesophilic sludge from another digester, the 
more the better. 

B. A blend of selectively adapted bacterial cul-
tures provided by the OAT™ Process vendor 
developed to degrade a wide variety of indus-
trial wastewaters. 

6. Fill the first phase digesters with only the wastewater 
to be treated. 

7. Raise system temperature to 60°C @ 2°C/day. 
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8. Every two days add sufficient wastewater to again fill 
the first phase digesters with overflow to 2nd phase. 

9. In approximately 10 days gas production will begin 
in the first phase and in another 5 days the second 
phase as well. 

10. After gas production has started in both phases, wait 
three 3 days.  Wastewater flow to the OAT™ process 
may then be increased to 25% design for 3 days, 
50% for the next 3 days, and then 100% capacity 
thereafter. 

Within 3 weeks the plant should exhibit 100% treat-
ment efficiency as determined by BOD/COD and Vola-
tile Solids reductions coupled with biogas generation.  

Miscellaneous Matters 
The amount of sludge generated from the OAT™ process 
is approximately 0.01 kg/kg of COD removed.  Aerobic 
treatment processes, by comparison, generate about 0.40 
kg/kg of COD removed or 40 times as much. 

The quality of sludge generated from the OAT™ process is 
excellent in that the fecal coliform count will be less than 
1000 MPN/gram of dry solids.  This easily qualifies the 
sludge for disposal in an ordinary landfill or better yet, for 
land application as a soil amendment or conditioner. 

In common single-phase anaerobic digesters all gasses 
generated are automatically commingled. Methane gas 
content generally averages 60-70%.  By comparison, the 
first phase OAT™ digesters generate mostly CO2 and nitro-
gen gas whereas the second phase digesters generate 
mostly CH4 along with very little CO2.  Since the first phase 
gasses are automatically segregated from the second 
phase, the resulting methane purity will be at least 85%, 
and could be as high as 95%, depending on the type of 
wastewater being treated. 

To prevent the formation of hydrogen sulfide gas, iron salts 
are added to the nutrient feed solution.  Iron sulfide pre-
cipitates out of solution as a highly insoluble sulfide.  If any 
heavy metals are present, they likewise are precipitated 
out as insoluble sulfides. 

As the chart on page 10 shows, in the U.S. alone the Or-
ganic Waste Resource Base exceeds 750 million tons an-
nually.  If fully converted into electricity it would provide 
energy for 130,000,000 families.  The beneficial use of the 
methane gas that could be generated from wastes is 
strongly recommended as it represents a positive return on 
investment.  In fact, owners of OAT™ process plants are 
encouraged to maximize treatment capacity thereby en-
hancing the production of methane gas and the significant 
commercial value it represents.   

 

Glossary of Common Terms 
 

AC Anaerobic Contact Plant 

AAFEB Anaerobic Attached Film Expanded Bed 

ACF Accumulated Continuous Flow 

AF Anaerobic Filter 

AFB Anaerobic Fluidized Bed 

AFFT Anaerobic Fixed Film Reactor 

AFD Anaerobic Filter, Downflow 

AFR Attached Film Reactor 

AFU Anaerobic Filter, Upflow 

ASBR Anaerobic Sequencing Batch Reactor 

BAR Baffled Anaerobic Reactor 

BOD Biochemical Oxygen Demand 

CH4  Methane Gas 

CO2 Carbon Dioxide Gas 

COD Chemical Oxygen Demand 

CONT Contact Type Digester 

CSTR Continuously Stirred Tank Reactor 

DO Dissolved Oxygen 

DSFF Downflow Stationary Fixed Film Reactor 

FBR Fluidized Bed Reactor 

HRT Hydraulic Residence Time 

HYBR Two or More Anaerobic Systems 

MPN Most Probable Number 

N2  Nitrogen Gas 

OAT™ Optimized Anaerobic Treatment Process 

PFR Plugged Flow Reactor. 

SRT Solids Or Sludge Residence Time 

TS Total Solids 

TSS Total Suspended Solids  

UAC Upflow Anaerobic Contact 

UASB Upflow Anaerobic Sludge Blanket Reactor 

UFF Upflow fixed-film 

USBR Upflow Sludge Blanket Reactor 

USR Upflow Solids Reactor 

VA Volatile Acids 

VFA Volatile Fatty Acids 

VS Volatile Solids 

 



          
 

 

Application Data Sheet 

 
 Process: OAT - Optimized Anaerobic Treatment Process 
 
Type of Industry:  
     
Is the water to be reused or recycled? Yes  No  
     
Is additional laboratory testing necessary? Yes  No  
     
Is biogas conversion to energy a consideration? Yes  No  
 

Item Raw Water  
Characteristics 

Treated Water  
Requirements 

pH:   
Alkalinity:   
BOD:   
COD:   
Temperature:   
Dissolved Solids:   
Suspended Solids:   
Volatile Solids:   
Viscose Solids:   
Design/Average Flow:   

 
Company:  
  
Address:  
  
  
  
Phone:  
Fax:  
email:  
Person to Contact:  
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Application:  OAT™ Process for Complete Sanitary Wastewater Treatment with Biogas Utilization 
A Case For Complete Sanitary Wastewater Treatment Utilizing Anaerobic Contact Digestion (OAT™ Process) With Bene-
ficial Energy Recovery  

There exist over 10,000 municipal treatment plants in 
the United States that utilize conventional activated sludge 
biological treatment along with anaerobic sludge digestion 
of primary solids and waste activated sludge.  This type of 
plant consumes about 3,500 Btu per pound of COD 
(Chemical Oxygen Demand) removed. At an energy cost 
of, say, 8¢ per kWh, this translates into about 2¢ per per-
son per day.  In a municipality of 1,000,000 people, the 
energy costs are therefore about $20,000 per day or 
$7,300,000 per year.  These figures will proportionally vary 
based on each municipality’s size and actual cost of elec-
tricity.   
Rather than spending $7,000,000 each and every year, 
the same community can theoretically generate a pa-
per profit of at least $17,500,000.  Here’s how. 
In a traditional activated sludge treatment plant, 30% of the 
raw BOD (Biochemical Oxygen Demand) in the form of 
settleable solids is removed in the primary clarifier and 
routinely transferred to the conventional high rate (CHR) 
anaerobic digester.  By CHR is meant the use of meso-
philic suspended growth bacteria in a single-phase di-
gester.  Of the remaining 70%, the activated sludge proc-
ess removes another 65% (5% escapes from the plant 
untreated) of the BOD.  For every pound of BOD removed 
by conventional activated sludge, about 0.4 pounds of 
suspended solids are created in the form of waste acti-
vated sludge (WAS).  These solids are removed in the 
plant’s secondary clarifier and routinely transferred to the 
digester.  Since one pound of WAS suspended solids rep-
resents about 0.84 pounds of BOD, 0.65 x 0.4 x 0.84 = 
22% additional BOD.  30% from the primary plus 22% ad-
ditional from the secondary totals 52% of the total organic 
load transferred to anaerobic digestion.  The remaining 
43% of the total organic load on the plant requires energy 
to aerate the activated sludge.  The 52% sent to the di-
gester is capable of producing biogas (methane plus 
carbon dioxide).  The remaining 5% escapes untreated.   
If the plant were to utilize a quite common ordinary biogas 
generator to produce electricity for its use, approximately 
50% of the electrical energy costs would be saved accord-
ing to the suppliers of generators for this type of applica-
tion.  Inland Empire Utilities Agency in southern California 
currently achieves 75% savings in a well managed pro-
gram.  On the low end some municipalities only save 33% 
or so.  50% savings, therefore, represents an achievable 
objective. Thus biogas conversion to electrical energy can 
reduce the referenced cost per person to about one penny 
per day.  The savings can be further increased. 
The activated sludge process consumes about 3,500 Btu 
per pound of COD removed (in the form of electrical en-

ergy) whereas the OAT™ process generates about 5,600 
Btu per pound of COD removed (in the form of biogas).  A 
conventional CHR anaerobic digester generates about 1 
cubic foot of biogas per cubic foot of volume per day.  By 
comparison, an OAT™ digester generates over 20 cubic 
feet per cubic foot.  If fully converted to the OAT™ proc-
ess, the same plant would then have the following operat-
ing characteristics. 

Original plant utilizing biogas generation of electricity: 
52% x 5,600 = +2,912 Btu per pound of COD (due to 
utilization of biogas). 
43% x 3,500 = -1,505 Btu per pound of COD (due to 
aeration requirements). 
Net balance = +1,407 Btu per pound of COD (which 
represents 50% of plant’s electricity requirements).   

Same plant upgraded to 100% anaerobic treatment: 
 Step #1: 
95% x 5,600 = + 5,320 Btu per pound of COD (due to 
utilization of biogas). 
5,320/1,505 = 3.53 
3.53 x 50% = 176% of CHR type digester plant power 
needs. 

Step #2: 
An OAT™ plant generates twice as much methane as 
a CHR digester because of its ability to convert all, 
rather than just half, of the volatile solids to biogas.  
176% x 2 = 352% of OAT™ plant power needs, or an 
energy excess of 252%. 
The 252% excess represents a theoretical retail profit 
of 5.0¢ per person per day.  These paper profits are 
reduced to 2.0-2.5¢/day per person if the energy ex-
cess is sold rather than used at other municipally 
owned facilities. 

Common ordinary gas generators are about 32% efficient 
in converting biogas to electricity.  Microturbines are more 
efficient and methane fuel cells just might be better yet—
on the order of 40-50%.  The City of Portland, Oregon has 
just recently completed the installation and successful test-
ing of an ONSI Corporation methane fuel cell.  Because of 
better methane to electricity efficiencies the above pro-
jected profits can be improved even further.  The total im-
provement potential from $7MM red to $17.5MM black 
is $24.5MM due to the beneficial and efficient conver-
sion of waste-to-energy.   
Power Notes: The several profit comparisons were based 
on 8¢ per kWh electricity.  A municipality can directly use 
the POTW’s excess electricity at its other governmental 
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facilities (within the same utility distribution grid) as a con-
sumable at retail subject to negotiating a transmission tariff 
or wheeling charge.  Since the power produced qualifies 
as Green Power, the municipality can also sell its excess 
to the Federal Government or to other entities as a com-
modity.  As an example, the City of Austin, Texas buys 
green power from Wisconsin.  Lastly, in the near future 
green power will certainly be sold over the Internet to the 
highest bidder.  For the most part, the sale of excess elec-
tricity can be marketed at excellent prices since green 
power is a premium source of electrical energy.  The theo-
retical paper profitability (or reduction in the cost of elec-
tricity to the municipality) is therefore quite significant and  
meaningful.  
A municipality can also increase its organic loading by ac-
cepting industrial and/or agricultural wastes and thereby 
generate additional high quality biogas.  Sioux City, Iowa is 
one such community doing just that.  In addition to the 
added biogas, the city collects a fee from their industrial 
waste customers for a double benefit.  This option is 
shown in the simplified flow schematic below.  Without 
added wastes, each 1,000,000 GPD of sanitary wastewa-
ter can provide sufficient methane to power an 80 kW 
generator.  If the digesters only are converted to the 
OAT™ process, the generator size drops to 40 kW.  Add-
ing additional biomass wastes will further increase the ex-
cess power generated.  Municipalities may now accom-
modate additional industrial development with the knowl-
edge that the new industry’s organic wastes will increase 
the POTW’s excess power sales. 

If one were to thoroughly evaluate the associated reduc-
tion in greenhouse gasses by adopting a waste-to-energy 
program, the improvement would be equally as spectacu-
lar as the red to black energy improvement. The methane 
generated by the OAT™ process may also be sold or di-
rectly used as a primary fuel (pipeline quality natural gas) 
and this is, technically speaking, an even more efficient 
use of the methane rather than its conversion into electric-
ity.  Whether this option ought to be considered depends 
entirely on the prevailing energy marketplace conditions 
and applicable regulations, both of which are moving tar-
gets and beyond the scope of this publication.   
Anaerobic treatment processes generally and especially 
the OAT™ process produce far less greenhouse gas 
(mainly carbon dioxide) than that generated by conven-
tional aerobic treatment.  Gas generator conversion of the 
produced methane to electricity does indeed create some 
greenhouse gas but far less than electricity derived from 
less efficient fossil fired power plants.  The use of a micro-
turbine or methane fuel cell, however, virtually eliminates 
all green house gas emissions.  
The engineers and scientists at WaterSmart Environ-
mental enthusiastically welcome your interest in adopting a 
sanitary wastewater treatment design that provides a sur-
prisingly positive return on investment.  Rather than a con-
tinuing burden on the community, your POTW can become 
a profitable and environmentally responsible waste-to-
energy facility with a wonderful return on investment. 

 

 

Simplified Treatment Schematic 

Trash 
And Grit 
Removal 

Mixer/Slurry 
Tank To 

Accommodate 
Other Organic 

Wastes 
(Optional) 

OAT™ 
Process 

Sludge 
Management 

Influent Effluent 

 Methane 
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Application:  MSW & OAT™ Process-To-Energy Analysis 
A Case For Using the OAT™ Process In MSW (and Biomass)-to-Energy Technology  

There are now over 100 MSW-to-energy plants in op-
eration in 31 states throughout the USA.  These plants 
incinerate about 15% of the trash generated or about 
105,000 tons per day.  On a consolidated basis, these 
plants generate approximately 2,769 megawatts of elec-
tricity.  The investment in capital facilities totals more than 
$10 billion.   
Based on recently developed technology, existing 
MSW-to-energy plants represent extremely inefficient 
conversion of Btus to electricity.  The total electricity 
generated can be converted into equivalent Btus by multi-
plying the total kWh by 3,414.  2,769MW x 1000 kW/MW x 
24h x 3,414Btu/kWh = 226,880,784,000 Btus.  The total 
105,000 tons of trash per day is equivalent to 105,000 x 
2,000 lbs/ton = 210,000,000 lbs/day.  Dividing the total 
Btus/day by the lbs of trash/day results in an average 
Btu/lb of trash or 226,880,784,000 divided by 210,000,000 
= 1,080 Btu/lb average.  Since MSW has a rather well 
known Btu value of about 4,750 Btu/lb, the total system 
conversion efficiency of existing MSW-to-energy is 1,080 
divided by 4,750 x 100% = 22.7%.  According to the US 
Department of Energy, biomass-to-electricity through pyro-
lysis exhibits an efficiency of approximately 20%.  These 
rather dismal efficiencies are, for the most part, attributable 
to the inherent high moisture content of biomass.    
The OAT™ technology is a wet rather than dry proc-
ess.  Moisture is a process requirement rather than an 
operational detriment.  The ability of the OAT™ process to 
convert Btus into electricity may be theoretically deter-
mined as follows:  MSW has an average organic content of 
about 70%.  70% of 210,000,000 lbs/day = 147,000,000 
lbs/day.  Of this amount, approximately 75% are volatile 
solids or 0.75 x 147,000,000 = 110,250,000 lbs/day.  The 
OAT™ process produces about 12 cubic feet of meth-
ane/lb volatile solids.  The total methane produced at 99% 
volatile solids to methane efficiency is found by 
110,250,000 x 12 x 0.99 = 1,309,770,000 cubic feet/day.   
The next step is to convert the methane into electricity.  
The hourly methane production is found by dividing the 
daily production by 24 or 1,323,000,000/24 = 54,573,750 
CFH.  This figure divided by about 12 equals the kW sized 
gas generator that would convert the total methane into 
electricity or 54,573,750/12 = 4,548,000 kW.  kW/1000 = 
MW or 4,548,000/1000 = 4,548 MW or 1.64 times as  

much as existing MSW-to-energy technology.  This estab-
lishes a greatly improved biomass-to-electricity efficiency 
to 36%.  By adding combined cycle generation, the effi-
ciency increases above 50% or more than twice as much 
electricity than existing state-of-the-art.    
The OAT™ technology is also, by comparison, a rather  
inexpensive MSW (and biomass)-to-energy capital 
equipment technology.  Rather than incinerate dirty 
trash, clean methane would be the produced fuel to make 
the steam through gas turbine exhaust heat.  This modifi-
cation eliminates the necessity for air control equipment 
and its associated operational costs.  An analysis of the 
capital investment indicates that the $10 billion capital 
costs for the 105,000 tons translates into $95,000/ton.  
This is the same as $95,000/1,200 lbs volatile solids or 
approximately $79/lb VS.  In the OAT™ process, the retail 
marketplace cost to convert 1 lb of volatile solids into 
methane gas is approximately $25/lb.  The addition of gen-
eration equipment adds about $15/lb for a total of about 
$40/lb.  Existing MSW-to-energy technology is therefore 
about twice as expensive. 
Total system efficiency can be determined by multiplying 
the two individual efficiencies or 1.64 x 2 = 3.28 in favor of 
the OAT™ process.  The OAT™ process, generates copi-
ous amounts of rather pure carbon dioxide gas that has a 
retail marketplace value approaching 3¢/lb (food & medical 
grade).  In the WaterSmart wastes-to-renewable energy 
program the CO2 is beneficially converted into carbohy-
drates through photosynthesis in the production of micro-
algae and mercury free fish.  The process as applied also 
reclaims liquid fertilizer (ammonia nitrogen, phosphorus, 
and potassium) and Class A biosolids, both of which have 
marketplace demand and associated values.  Total system 
efficiency approaches five times that of existing incinera-
tion-based technologies. 
Existing MSW-to-energy plants can more than double 
their electricity generation revenues and total reve-
nues well over 300% by utilizing the OAT™ process.  
Future MSW-to-energy plants can be built at less than 
30% of the cost of existing technology by incorporating the 
OAT™ process into the initial design.  With energy deregu-
lation forging ahead, the OAT™ process is the clear an-
swer to protect existing investments in MSW-to-energy 
facilities while substantially increasing total revenues from 
routine operations.
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Biological Process Process 
Type 

lbs 
BOD/day 

/1000 cu ft 
kg BOD/m3

/day 
lbs 

COD/day 
/1000 cu ft 

kg COD/m3

/day 

Extended Aeration and SBR 
reactors Aerobic 10* 0.17 15 0.26 

Conventional Activated 
Sludge Aerobic 30* 0.52 45 0.77 

Step Aeration and Complete 
Mix Plants Aerobic 40* 0.69 60 1.02 

Contact Stabilization Aerobic 50* 0.87 75 1.28 

Fixed Film Processes of Ro-
tating Biological Surface and 
Trickling Filters 

Aerobic 250** 4.33 375 6.38 

Conventional High Rate 
Treatment  Anaerobic NA NA 1250** 20 

OAT™ Process Anaerobic NA NA 6250 100 

* 10 States Standards 
** Common industry practice 
 
 
Sludge Production: 
Aerobic Processes—Approximately 0.3-0.5 lbs/lb BOD Reduced 
Anaerobic Processes—Approximately 0.01-0.05 lbs/lb BOD Reduced 
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Fate And Effects Of Heavy Metals In OATTM Process Biomass-To-Renewable Energy Program  
 
Heavy Metals Are Found In: 
 

1. Municipal solid wastes (MSW). 
2. Municipal treatment plant sludge. 
3. Stormwater runoff. 

 
OATTM Process Biomass-To-Renewable Energy Pro-
gram Consists Of: 
 

1. Accepting and processing MSW. 
2. Accepting and processing municipal sanitary 

wastewaters. 
3. Accepting and processing stormwaters. 
4. Accepting and processing sludges. 
5. Accepting and processing green wastes. 
6. Accepting and processing food wastes. 
7. Accepting and processing storm related wastes. 
8. Accepting and processing computer related 

wastes. 
9. Accepting and processing animal deads.  
10. To the extent that medical wastes are unlawfully 

included in MSW shipments they too will be 
processed as though they were authorized 
wastes without adverse impact on total waste 
processing activities. 

 
In the Processing Of MSW: 
 

1. Ferrous and non-ferrous metals are mechani-
cally are ground along with MSW and all other 
wastes. 

2. Resulting ground wastes are slurry mixed with 
sanitary wastewaters and stormwaters. 

3. Slurried wastes are continuously transferred to 
the anaerobic digester.   

4. All heavy metals end up in digester solids dis-
charge (digestate). 

5. Digestate qualifies as Class A Biosolids (40 
CFR Part 503 Pathogen Standards).  The diges-
tate also qualifies as an organic fertilizer.  Be-
cause of its low macro (NPK) nutrient content 
the digestate also qualifies as a soil amendment.   

 
The Digestate Class A Biosolids Soil Amendment:   
 

1. May be dried to 30% moisture content, bag 
packaged, and sold to farmers and landscape 
markets as well as businesses and residential 
users.  The soil amendment in each instance 
becomes the ultimate fate of the heavy metals.  

2. May be used as the soil amendment in green-
houses to grow vegetable oil crops for subse-
quent conversion of the vegetable oil to bio-
diesel fuel through transesterification.  The soil 
amendment becomes the ultimate fate of the 
heavy metals. 

3. May be used as the soil amendment in green-
houses to grow both food crops and flowers.  
The soil amendment becomes the ultimate fate 
of the heavy metals. 

 
Background Information:   
 

1. For more than 20 years the United States Envi-
ronmental Protection Agency (USEPA) has 
permitted the land application of Class B Bio-
solids.  The Centers For Disease Control And 
Prevention, The Occupational Health And Safety 
Administration (OSHA), and several additional 
private groups have recommended against this 
continuing practice.    

 
2. When Class A or Class B Biosolids that contain 

heavy metals are applied to cropland, heavy 
metals uptake occurs mostly within the root sys-
tem with progressively lesser uptake occurring 
throughout the entire plant pathway to the food 
product itself.  The uptake occurs at acidic, neu-
tral, and basic (alkaline) pH values as well as 
other growing conditions such as moisture ad-
justments and macro nutrient applications.   

 
3. Using the Class A Biosolids Digestate as a 

soil amendment for use in landscaping activities 
is specifically permitted by the USEPA because 
of its Class A Biosolids Status1.  The soil 
amendment therefore becomes the ultimate fate 
of the heavy metals.  

 
4. When Using The Class A Biosolids Digestate 

as a soil amendment in the greenhouse growing 
of vegetable oil crops, the vegetable oil is sub-
sequently refined into biodiesel through trans-
esterification.  Heavy metals do not participate in 
the transesterication process and are therefore 
left over in the associated wastes.  The trans-
esterification process results in soapstock and 
glycerin wastes.  All wastes associated with bio-
diesel refining are routinely returned to the di-
gester to produce additional renewable energy.  
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The associated vegetable oil crop residues are 
also routinely returned to the digester to produce 
additional renewable energy.  The soil amend-
ment therefore becomes the ultimate fate of the 
heavy metals. 

 
5. When using the Class A Biosolids Digestate 

as a soil amendment in the greenhouse growing 
of food crops, the food will be marketed at a dis-
count from retail.  Evidence that food products 
produced on sewage sludge applied land are 
harmful to human health does not exist.2,3  Using 
the digestate soil amendment regardless of the 
heavy metals content (pollutant load) is specifi-
cally permitted by the USEPA because of its 
Class A Biosolids Status1.  The soil amend-
ment therefore becomes the ultimate fate of the 
heavy metals. 

 
Heavy Metal Effects: 

 
1. When Class A Biosolids Digestate are used 

for landscaping type activities the heavy metals 
act as beneficial micronutrients. 

2. When Class A Biosolids Digestate are used 
as a greenhouse soil amendment the heavy 
metals act as beneficial micronutrients.  

3. When Class A Biosolids Digestate are used 
as a soil amendment in any and all agricultural 
activities, the heavy metals act as beneficial 
micronutrients. 

 
The Engineers, Chemists, Scientists, and Agronomists 
at WaterSmart Environmental, Inc. welcome your in-
quiries with enthusiasm. 

 
Editor’s Note:  It has just been learned that Beethoven 
(Ludwig van Beethoven) of Symphony No. 5 fame (Opus 

67 In C Minor) died (March 26, 1827) of lead poisoning 
resulting from his music composing habit of drinking 
wine from a pewter goblet.  Lead is one of the heavy 
metals.  The medical science of determining the harmful 
effects of heavy metals has been around for well over 50 
years.  The continuing public debate that All Heavy 
Metals are automatically harmful to human health ap-
pears to be based on rather simplistic non-technical 
concerns over the general use of chemicals in the agri-
cultural marketplace rather than the systematic applica-
tion of sound science.  For example, the quite popular 
human vitamin Centrum contains Boron (B), Calcium 
(Ca), Chromium (Cr), Copper (Cu), Iodine (I), Iron 
(Fe), Magnesium (Mg), Manganese (Mn), Molybdenum 
(Mo), Nickel (Ni), Potassium (K), Phosphorus (P), Sele-
nium (Se), Silicon (Si), Tin (Sn), Vanadium (V), And 
Zinc (Zn) chemicals.  There are some 23 heavy metals 
including Cr, Cu, Fe, Mn, Ni, Se, Sn, V, and Zn4.  The 
environmental and medical communities appear out of 
sync on the subject of heavy metals.  The few heavy 
metals of Arsenic (As), Mercury (Hg), and Lead (Pb) 
have indeed caused death under special circumstances.  
Many other heavy metals, however, are beneficial 
micronutrients within the agricultural marketplace. 

 
1 Section Three, Par. 3.1 EPA/831-B-93-0026, Land Ap-
plication of Sewage Sludge, December, 1991.  
 
2 Nutrition for Health and Development, World Health 
Organization, WHO/NHD/00.6, Progress Report, 2000. 
 
3 Food Standards Agency, Research Programme Annual 
Report 2001. 
 
4 Glanze, 1996. 
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Waste-To-Energy
Made possible by the

OAT™

Optimized Anaerobic 
Treatment Process



Treat Wastewater For Profit

Does your business or community 
have a wastewater treatment facility?

Would you like a positive return on 
investment from this operation?

If you said “yes” to either question, 
you’ve come to the right place today.



What makes OAT™ better?

Two-phase Anaerobic Digestion
Thermophilic Bacteria
Staged Phase Treatment 
Fixed Growth Media
Flow Recirculation
pH and Temperature Control
Essential Nutrient Addition

It’s the only process that combines:



Bacteria Can Produce Fuel 
From Liquid & Solid Wastes.

Solid waste landfills biologically generate 
methane gas (called biogas) as clear evidence 
of the ability of bacteria to produce fuel.  
Biogas is a mixture of carbon dioxide and 
methane gas.  It has a heating value of about 
25,000 kJ per cubic meter.
Biogas can be used as a primary fuel or to 
generate electricity. 



Wastewater Treatment 
Plants Use Bacteria

Almost all wastewater treatment plants use 
bacteria to treat the water.
Aerobic plants use aeration.  They consume
about  8,000 kJ per kg COD (Chemical Oxygen 
Demand) removed.
WaterSmart’s OAT™ anaerobic plant generates
about 22,000 kJ/kg COD for an energy 
improvement of about 30,000 kJ/kg COD. 



Breweries & Distilleries
Fish & Food 
Processing
Agricultural Solid 
Wastes
Cardboard & Sawdust
Ethanol Plants 
Rubber Plantations

Wastes That Can Be 
Converted Into Biogas
Municipal 
Wastewater
Landfill Leachate
Chemical 
Manufacturing
Paper & Pulp Mills
Sugar Mills
Palm Oil Mills



...More Eligible Wastes
Animal Feed Lot Wastes
Dairy & Cheese Production
Fruit & Vegetable Canning
Pharmaceutical Wastes
Rendering Plants
Textile Manufacturing
Municipal & Industrial Digester Sludge



A Renewable Energy Source
These many wastes are generated each 
and every day in the normal course of 
living.

The routine treatment or disposal of  
wastes is tremendously expensive.

The OAT™ process, however, makes 
their treatment or disposal profitable, an 
extremely pleasant surprise.  



Excess Biogas Produced
The OAT process uses some of the biogas 
it generates to heat the wastewater being 
treated.  
The excess biogas can be sold, used to 
operate pumps, or generate electricity.  
The electricity can be used by the owner of 
the treatment plant, or perhaps sold to the 
local electric utility, or even to another 
business or city.



Positive Return On Investment
When one generates a profit from the 
treatment of wastes, a positive return on 
investment (ROI) always results.
Rather than a burden on society, wastes 
may now be viewed as an asset--an 
incredible reversal of common perception.
Wastewater treatment plants of the 
patented OAT™ design can now pay for 
themselves! 



Energy Costs
Wastewater treatment is very expensive, 
particularly because of energy costs which  
increase at 3-5% every year.
A typical biological wastewater treatment 
plant uses about 8,000 kJ per kg COD 
(Chemical Oxygen Demand) removed.
WaterSmart’s OAT process can produce up 
to 22,000 kJ/kg COD removed, for an energy
improvement of about 30,000 kJ per kg COD.



Capital Equipment Costs
Are also very expensive, on the order of 
US$2K+ for every kg of COD treatment 
capacity.
If  ammonia, nitrate, phosphorus, or heavy 
metal removals are required, the associated 
costs are much higher. 
WaterSmart’s OAT™ Anaerobic Treatment 
Plant costs about half as much as other 
anaerobic systems treating the same amount 
of COD or Volatile Solids.



Environmentally Sensible
Korea’s Sudokwon Landfill, the world’s 
largest, has the motto:  “Don’t Waste Wastes.”
We share that view and believe wastes 
should be converted into something useful, 
like fuel or electricity, if it can be done so 
safely and economically.
In so doing, waste volumes are greatly 
reduced to better manage the environment for 
ourselves and the next generation.



Odors?

All treatment is carried out in closed 
vessels

Hydrogen Sulfide is removed from  
produced biogas.

Absolutely None!



Environmental Damage?

No emissions to atmosphere 

Heavy metals removed as insoluble 
sulfides

Organic constituents removed to 
innocuous levels

Effluent contains nutrients which can be 
removed or beneficially used

Absolutely None!



Beneficial Byproducts
In addition to methane the OAT™ process 
generates other useful and potentially 
profitable by-products. 
Carbon Dioxide, exhausted in a separate 
gaseous stream, has many industrial uses. 
In addition the treated effluent itself has no 
pathogens or odor but does contain ammonia 
nitrogen (urea), phosphorus, and potassium 
which are the components of liquid fertilizer!



Greenhouse Gasses
OAT™ generated carbon dioxide can 
be scrubbed out in an alkaline 
scrubber or captured and sold.

A methane powered generator will, 
however, discharge small amounts of 
carbon dioxide when producing 
electricity.

If a fuel cell is used to make electricity, 
no additional carbon dioxide is made.



Noise...

Practically none!

The loudest component is a 
biogas-powered generator--

similar to a truck engine.  



Sludge

0.01 pounds of solids produced for 
every pound of BOD removed--about 
25% that of competitive anaerobic 
treatment plants!  And OAT™ sludge  
qualifies as Class A Biosolids.  



The OAT™ Process



Single Vessel Design

Vertical circular insulated 
process vessel with dome cover

Acidogenic stage isolation wall

Phase partition wall

Methanogenic stage isolation wall

Static water level

97% CO2
0-3% N2 + H2S

85-95% CH4
5-15% CO2 
0-1% H2S

Carbon Dioxide outlet Biogas outlet

Liquid outlet

1st stage acidogenic digester

2nd stage acidogenic digester

1st stage methanogenic digester

2nd stage methanogenic digester



Headworks
Trash and grit removal.
Grind or comminute the raw 
wastewater.
No primary treatment required.
Biosolids may be ground and added.
Organic wastes may also be added.



Sophisticated Design 
But Easy To Operate

Automatic controls simplify routine plant 
operations.

Close process control translates into a 
high degree of treatment efficiency.

Minimal plant operator skill required.



OAT Upgrades Available
Existing anaerobic digesters may usually be 
upgraded to the OAT process thus saving 
project site construction and piping costs.
A complete upgrade to the OAT process will 
increase the treatment capacity 10 times.
Beneficial use or sale of the produced 
methane, electricity, Class A biosolids, and 
carbon dioxide makes the upgrade a 
positive ROI.



Summary
Wastes can be beneficially converted into 
fuel or electricity.
An efficient anaerobic treatment process 
results in a positive return on investment.
The OAT™ process is the most efficient
anaerobic treatment available worldwide.
OAT™ plants are smaller, less expensive, 
do not smell, and generate a profit.



Additional Information

Handouts permit follow-up opportunity to 
learn more about using the OAT™ process 
for your waste-to-energy program.

Interested?



Total Treatment Design.



Liquids Management.

Liquid fertilizer concentrate may be sold to 
the marketplace as a commodity.
Reverse osmosis permeate water may be 
used for aquifer recharge or irrigation.



Other Co-Products.
Methane gas.
Carbon dioxide gas.



Co-Product Methane.
Is compressed, dried, and stored at 300 
psig for possible site use and for the 
generation of electricity.
Compressed methane may also be sold 
as CNG (compressed natural gas).
Generated electricity may be used at 
site as well as sold to utility grid.



Co-Product 
Carbon Dioxide. 

Is compressed, dried, purified, liquefied, 
and stored at 300 psig for sale to the 
marketplace as a commodity.
Meets food and medical grade quality.



Co-Product Management.

No release of methane gas to the 
environment.
No release of carbon dioxide gas to the 
environment.
No gas releases accomplish a 500%+ 
reduction in greenhouse gas effect.


