KELO TECHNOLOGY - “THE GREEN SYSTEM FOR WASTE WATER
TREATMENT”
The Process --Algal Oxygen Production, Solar Aeratn/mixing, Beneficial Microbes

The Kelo Solar Aeration System is a convention@ksuface aeration system with
(Duraplates™- fine bubble diffusers.) with knownséer rate and mixing efficiencies.

The Solar subsurface aeration system is like a@uinal subsurface aerator, except the
on-shore compressors are solar powered insteadarhpressor run off the electrical

grid.

See calculations provided for oxygen transfer effieiencies for solar aerators and
microbe injection below. Oxygen transfer rate@éincies average 30% for conventional
lagoon systems in addition to mixing.

Duraplate™ fine bubble diffusers are stationedulgtoout the waste water lagoons to
provide oxygen transfer to the mixed liquor, mam@omplete mixing of the lagoons to
prevent dead zones and to mix algal cells and rfnégohroughout the mixed liquor.
Each Duraplate™ diffuser in addition to oxygen $fen rate efficiency will pump water
from the lagoon bottom by airlift action at a rafel 500 to 2500 gpm varying with flow
rate. Algal generated oxygen and specialized ragsdor (ammonia reduction, BOD,
TSS, TKN and Sludge Digestion) are mixed throughtle lagoons, contacting
particulates and organic matter in the mixed liquor

Constant mixing of the lagoon water via the soEmtion system exposes injected algal
cells and microbes to the organic load, movindheodurface oxygen and exposing algae
cells to light for addition oxygen production. Mgporting oxygen to the bottom prevents
anaerobic conditions and accelerates organic sldgstion. The microbe species and
algae species are an integral part of the engagrirent process for waste water.

The Kelo system is taken as a whole to provide theecessary treatment which
includes Algal production system, solar aeration/ mxing, specialized microbial
treatments that are covered under 4 US patents fovaste water treatment. The Kelo
strategy offers a complete treatment strategy witlvery low energy inputs when
compared to conventional waste water treatment. Paht No 6,929,746 B2, 6,743,357
associated patent pending pub No 20060186042 and

6.1C. Microalgae and production of Oxygen in Hiaative Lagoons

It has been documented that micro algae assishgtenreatment by the direct assimilation
of organic compounds. Heterotrophic growth by algfa@racteristic of those from oxidation
ponds has been demonstrated (Gotaas & Pipes 19pleyE& MaciasR 1962; Wiedeman &
Bold 1965). Abeliovich & Weisman (1978) calculatbdt 15% of the algal carbon was
derived from glucose assimilation in high rate atidn ponds. Contact mixing improves
this process through increased direct contact mithient

compounds in the mixed liquor and increasing lgposure at the surface.
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Microalgae oxygen production rates can range fre@(gQm h to 10 gQm/hr)
during the daylight hours for facultative lagooBs.E. IRVING F and I. Dromgoole,
1986 New Zealand Journal of Freshwater Science, Vol 20: 9-16.

The net photosynthetic rate of the microalgal sanmals been note to be slightly less
- 101

(7.80 gQ g detectable pigment 1 to 10.27 gQg detectable pigment “for the above

oxygen production rates. Mixing can also prevetitgeding in low light transparent
lagoons. Lower values for the dense microalggbension can be attributable to mutual
shading, were mixing increases light exposure.

Measurements of oxygen valves or chlorophyll A Isean assist in projecting oxygen
production rates for the microalgae and determicelgmassThus the method described
with the given modifications, could be utilized imanagers of waste water treatment
facilities as a new method of biological treatment.

Naturally, the Kelo greenhouse system will be pomdaxygen and cell mass 24 hrs/day
due to the lighting system and the algae and hiylgen content water are constantly
dispensed to the lagoon over a 24 hour periodad\knd bacterial cells are dispensed
near key aeration diffusers, where they are mikeauighout the lagoons.

Expected D.O levels 6-1

Dissolved Oxygen Levels from the diffuser and matgae systems are expected to
maintain a mean level of 1-2 mg/L and are calcdl&tem daily oxygen demand to
maintain aerobic conditions for rapid digestiom@iste. System sizing is based upon
flow and organic loading rates.

WASTE TREATMENT METHOD - Microbe and aeration patefunctions

Abstract

Disclosed is a system and method for treating dtimasd industrial biological waste
using diffusers to force circulation and aerateeatment lagoon. Several lagoons may be
used in series to treat raw waste and differenatrans may be employed to stepwise
process the waste. A blend of aerobic and anaemigiobes is chosen to remove
undesired species initially present in the wastiater formed therein, as well as to
process the waste itself, depending on the nafufeavaste. Aeration with slightly
ozonated or oxygenated air facilitates rapid andmete processing of large amounts of
waste.

9. The method of claim 7, wherein said at leastmieeobe is selected from the group
consisting of Bacillus amyloliquefaciens, Bacillugvis, Bacillus cereus, Bacillus
circulans, Bacillus cougulans, Bacillus firmus, Blas halodenitrificans, Bacillus



laterosprorus, Bacillus licheniformis, Bacillus naggrium, Bacillus myocoides, Bacillus
pasteurii, Bacillus polymyxa, Bacillus subtilis,tNibacter, Nitrosomonas europea,
Pseudomonas putida, Rhodobacter sulfidophilus,faacmyces, Streptomyces badius,
Thiobacillus, Pseudomonas putida , and mixturestie

7. A method for the treating biological waste camtgy at least one target species,
comprising: introducing the waste into a lagoordiag to the lagoon at least one
microbe effective for converting the at least cemgét species in the waste to at least one
other species; and aerating the lagoon using algluof aerators located on the bottom
of the lagoon, the aerators being adapted to peduaminar column of bubbles.

8. The method of claim 7 wherein the at least angett species is selected from the
group consisting of straw, polysaccharides, cedlemitrite, nitrate, ammonia,
phosphorus, pectin, hydrocarbons, fats, oils, prstegar, keratin, volatile organic
compounds, hydrogen sulfide, lignin, and paper.

[0049] As best understood by the present invetsioir not intended to limit the invention,
the microbes identified hereinabove perform théofeing functions:

[0050] (a) Bacillus amyloliquefaciens degrades @rat extracellularly as well as starch
and cellulose materials, and may be used for deggatraw in waste streams.

[0051] (b) Some of Bacillus azotoformans, Bacilbeseus, Bacillus laterosporus,
Bacillus licheniformis, Bacillus pasteurii, and Bacs stearothermophilus reduce
NO.sub.3 to NO.sub.2, while they all participatelenitrification (conversion of
NO.sub.3 fertilizers to volatile NH.sub.3, N.sub.80N.sub.2).

[0052] (c) Bacillus brevis, a probiotic, generadesantibiotic peptide useful for
destroying E. coli bacteria and other pathogenecis that may inhibit the growth of the
beneficial species.

[0053] (d) Bacillus cereus, Bacillus laterosporad 8acillus pumilus, like Bacillus
brevis, also generate beneficial antibiotics whigthuce E. coli and other Gram negative
microbe concentrations.

[0054] (e) Bacillus circulans, Bacillus megateriugacillus firmus and Bacillus subtilis
are effective for degrading most substrates derik@d plant and animal sources,
including cellulose, starch and other polysacclesighectin, proteins, agar,
hydrocarbons, fats and oils, as examples; thesgespalso produce antibiotics, and are
useful for nitrification and denitrification. Bakik megaterium also removes phosphorus.
Bacillus subtilis is useful for nitrate removal.

[0055] (f) Bacillus halodenitrificans is a saltéohnt denitrifier, effective for reducing
nitrate to nitrogen, and also reducing nitrites.



[0056] (g) Bacillus licheniformis contributes totnient cycling and displays antifungal
activity; proteins, starch and keratin are alsoaeed by this bacterium.

[0057] (h) Bacillus pasteurii converts urea to amimm carbonate, and is capable of
taking up ammonia in alkaline and salty conditions.

[0058] (i) Bacillus polymyxa provides nitrification waste streams where low oxygen
conditions may exist, and is effective for pecemoval.

[0059] (j) Bacillus thuringiensis is used for itsility to limit E. coli formation in
wastewater, as well as other undesirable bactedla as Pseudomonas. It also finds use
as a natural insecticide for control of fly and ipaiso larvae.

[0060] (k) Nitrobacter and Nitrosomas are nitroj@ers; Nitrosomas converts ammonia
to nitrite, while Nitrobacter converts nitrite tanate.

[0061] () Pseudomonas putida is effective for amraaptake and is useful in
hydrocarbon degradation; it is also capable of dkatmg certain toxic organic
pollutants.

[0062] (m) Rodobacter sulfidophilus us a photoorganicrobe that can operate in
anaerobic conditions for reducing emission fromatitd organic compounds (VOC)
from waste lagoons, and for reducing hydrogen delfherein.

[0063] (n) Streptomyces badius may be used foratkgion of cellulose by extraction of
carbon from cellulose or lignin compounds foundtimaw and paper waste.

[0064] (0) Saccharomyces (Saccharomyces cerevigsiagimonly known as "bakers'
yeast," and commercially available as yeast, corsuyphosphorus compounds.
Additionally, it ferments sugars present in the i@athereby generating carbon dioxide
and alcohol. The sugar products provide food fbepbeneficial microbe species,
thereby allowing them to increase in numbers.

[0065] (p) Thiobacillus is capable of digestingtiganic sulfur compounds as well as
hydrogen sulfide, thereby reducing offensive odttris. a chemoautotrophic species
capable of reducing heavy metals as well.

[0066] Enzymes may be added or produced when tttetia are introduced into the
aqueous environment. The most effective combinaifanicrobes may be selected based
upon the characteristics of the biological wast&oduction of a properly chosen

microbe species or a mixture of microbe specigbdavaste may result in bacterial
conversion of nitrogen and solid organic wastel$ ugdake, and reduction of BOD, total
suspended solids (TSS) and VOC, as examples, degeonl the nature of the waste.
Waste organic solids are reduced to simpler orgamcpounds. Ammonia may be
reduced to nitrates, or directly converted to & gas, whereas other wastes are
converted to carbon dioxide, oxygen, simple sugard,bacterial proteins, as examples.



Microbe Injection and Incubation System Specialized 30 gallon incubation systems
are installed in each application to incubate amndgase numbers of beneficial microbe.
Microbes are injected through underground pipeiffaskrs to various lagoon cells were
they are mixed to the lagoon to uptake ammoniadigeit solids.

This is a continuous batch process and a new gemerf concentrated microbes and
bio-nutrient are incubated every few days. Automiajection pump dispenses the
correct dosage in microbes. This process in viegtve as it concentrates the microbes
providing high dosages without additional costhie tperator.

Example Calculations:

Daily Oxygen Demand Table 3: Field Transter ﬁates, as % 02 transfer
Ttem kg O2/kg  Daily Demand (kg 02) Water Temperature [dgr C]
JFor BODS 0.07 154 5 10 15 20 23 30
JFor TS5 0,025 74 1 12.8 11.7 10.6 9.8 9.3 8.8
JFor TAN 0228 7.4 2 25.8 22.8 20,6 19.6 18.4 17.3
Total 318 Depth [m] 3 38.3 339 30.6 25.4 277 26.3)
4 30.4 43.0 40.3 39.2 XS 33.0
‘Blower Flow Rate Requirement Temperature [dgr C] 10.0 15.0
Ttem Air Flow {m3/min) Water Depth [m] 3.0 2.9
Alr for Wastewater 03 Resulting Transfer Rate: 29.7
e for shidge in pond 1 o
e for shidge in pond 2 o
Tekal 0.3
Blower flow rate i

Keelam microbial treatment system, Solar aeration/ Mixing System and AgSmart Algae Production fion system for Addition O:xygen for idation
BASELINE CORRECTION FACTOR FOR NORMAL - 20:1 BODS 1.4 KG 02IKG , TS5=0.7 KG 02KG , TAN= 4.56 KG 02IKG
CORRECTION FACTOR GIVEN FOR ALGAL, MICROBIAL AND SOLAR AERATION MIXING SYSTEM TO MAKE UP DIFFERENCE.



Example Calculations

Wastewater Characteristics Influeat Year-Round Effluant Pond Information
Design |emperature (agr
Sludge Depth in Pond 1 (m) 0
Sludge Depth in Pond 2 (m) 0
Pond 1 Width (m) 7|
Pand 1 Width () MI
Pand 1 Slope (H:V) 3
Pond 2 Width (m) 7|
Pand 2 Width (ff) MI
Pand 2 Slope (H:V) 3
Pond 3 Width (m) 48
Pond 3 Width (ft) 150
Lagoon Summary Fond 3 Slope (H:V) 3
36,436
9,627,000
3
0




L OAE AT e A MTENTERTREAEN

SOL-AIRE™

LAGOON AERATION SYSTEM WITH FINE
BUBBLE AERATION FOR MAXIMUM OXYGEN
TRANSFER RATE EFFICIENY AND WATER

MIXING
TOTALLY AUTOMATIC SYSTEM WITH AVERAGE RUNOTHGLUEE PER DAY
COMPLETE LAGOON MIXING FROM BOTTON TO TOFEHAGE BICRGEHGESTION

SOL-AIRE™ CAN BE SIZED FOR ANY APPLICATIONSBDERASAND SB-8 OR CUSTOM DESIGN
FITTED WITH CONTINUOUS DUTY 24 VDC BRUSHLERSAINRIRSCOMPRESSORS

ELIMINATE ELECTRICAL COSTS FOREVER AND THE GXEERSERICAL GRID INSTALLATION




CONTROLS WITH BATTERY BACKUP DURAPLATE AERATO R WITH SURFACE BOIL

KEETON INDUSTRIES, INC. MULT- HEAD AERATION BESIKENED FOR WASTE WATER TREATMENT.
EACH DURAPLATE DIFFUSER WILL LIFT AND CIRCUCAIHBWBPM AT 10 FT. SUBMERGERGE WITH
AN AIR FLOW OF 0.5 CFM PER DURAPLATE™ néfmidaraat 29.7 % , 10 © C at 3 meter depth.



CITY OF ALTOONA KANSAS WASTE WATER TREATNEISDBPAR AERATION SYSTEM

See calculations provided for oxygen transfer effieiencies for solar aerators and
microbe injection. Note lagoon mixing from Duragat



Solar aeration Specifications

SPECIFICATIONS FOR MODEL SB 4 SOLAR
LAKE BED AERATION ™ SYSTEM

Industrial Waste Water Model

SOLAR LAKE BED AERATION™ SYSTEM MODEL SB 4
AS MANUFACTURED BY
KEETON INDUSTRIES INC.
13715 NCR 11
WELLINGTON, CO. 80549

SB 2 AERATION SYSTEM SHALL CONSIST
OF THE FOLLOWING MANUFACTURER SPECIFICATIONS:

Unit shall be housed in a 100% Recycled Plastitnedibith dimensions of 36” (L) x
36" (W) x 24" (H). This cabinet shall have a lidves with two (2) steel hasps and a
lockable latch.

Interior of cabinet shall be fitted and glued wsttundproof convoluted foam for sound
reduction with the following specifications:

Acoustical convoluted foam, 1” ASTM rated C 423-9@& the nearest
0.05 sabins/ftwith a noise reduction coefficient of 0.40. Cahapes
deflect sound waves and absorb sound (No Substisillowed).

OSHA approved soundproofing and UL-94 rating.

Interior of cabinet must be fitted with the follavg equipment and turnkey mounting as a
complete aeration system.

10



1. Cabinets shall be fitted with (2) 838 24V Brush]esmtinuous DC
compressor with air output of 2.0cfm at 5psi, 15paximum continuous duty
operation.

2. Cabinets will come standard with Prostar-30M Chatgetroller, Constant

3. Voltage Regulator, and Battery Back Up SystemacheéDeca sealed 225
amp hr. battery or batteries.

4. Compressor cooling manifold must consist of maédeP-546-4 all brass
cooling manifold with pressure relief valve, ligtiitled stainless steel
pressure gauge (0-15psi rated) with altitude presadjustments, 2-valve
brass ball valve and brass barb outlets (blackisamt acceptable). Manifold
model FFP-546-2 as manufactured by Keeton Indsstine. with brass
unions for quick disconnects.

5. Input power from batteries shall be routed to Mad¥1L2/24-15R24 Solar
Converter to supply 24 VDC to compressors.

6. System provided with adjustable pressure reliefev&b prevent overpressure
situation due to environmental or operator error.

7. Systems shall come with Sharp or equivalent (4 ed20watt, 7.1 amp solar
panels and mounting bracket. Solar panel shathdented on an 8’ Tall,
2.57-3.0 inch Diameter Sch. 40 Steel pole and degigpanel array system.

8. Systems provided with Plug and go solar leads fiickgconnection of solar
modules.

Aeration cabinets shall come with four (4) legs tten be bolted to a concrete slab
(48”(L) x 48”(W) x 4”(H), if applicable. Bottom ofabinet shall be fitted with two (4) air
outlets from compressor through cabinet with 2" p&Drated flexible braided vinyl
tubing. Each flexible tubing outlet shall be 4htpand fitted with %2” ID barb connects.
All aeration systems shall be furnished with stsslsteel ¥2” worm drive clamps to fit

5/16"-1/2" hose, model 67-06-1 to connect on steore in lake Duraplaté¥ DDP-9
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Each model SB 2 shall be provided with two (4) e&ulraplate model DDP-9
maintenance free lake diffusers as manufacturaddagyon Industries, Inc. All Duraplate
diffusers will be fitted with 10” fine bubble dunisk flexible membrane for maximum
oxygen transfer and circulation with ¥2” barb figgion Duraplate. Each Diffuser
circulates approximately 1500 to 2500gpm per Datgpio achieve total lagoon mixing.

SB 4 Aeration System shall be supplied as a complehkey system with all accessories
for installation by owner or owner’s contractor.

Alpine Self-Weighted Tubing (SW1/2) shall be figiméd as air feeder tubing to each
duraplate diffuser assembly.
Alpine Self-Weighted Aeration Tubing model SW1/2)jshhave a specific gravity of
1.55 with an ID of 0.60”. Tubing must remain flbba at cold temperatures for ease of
installation. Tubing comes in 100’ coils with gopaoximate weight of 46 pounds.
AWEFT-2 shall consist of pure virgin PVC resins ammhtains no lead as manufactured by
Keeton Industries, Inc.
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