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Project Summary

Agricultural Waste Solutions, INCGAWS) and Farm Pilot Project Coordination, Inc. (FPPC)
conducted a proj ect DecentalizedNotrient®eductiodnior ni a ent i
Centralized Energy Productioro f r om May, 2006 through Septemb

The purpose of the project was to test and validate the concept of decentralized nutrient
reductbn on the farm and centralized energy picitbn off of the farm. A centrifuge skilzed

to the flish volume of each farmvould removeat least 75% athe nutrients from the waste

water in order to medhe nutrient management plans on the farm. The edavater is left on

the farm for irrigation and/or flushing, and ttemovedsolids are trucked to a centralized energy
production facility that produces energy from the wastes of several farms.

The AWS sgtem tested consisted of a 66fHllon mixing tanka centrifuge skid, an

intermediate solids hoppea predrier and gasifieran expansion tank, gas compressor and

storage tank for the produced gas. The FPPC grant was to fully integrate the system and test the
concept of decentralized nutrient reductiotentralized energy production. A full range of

animal waste collection systems was tested, from a highly liquid flug¥ (€blids) to corral

dried manure (80% solids), from different animal species, in order to determigiéettiereness

of nutrientremoval from the waste streantise net energy production and the costs of producing
energy.

The system tested was designed to process the flushed wastes from the smallest sized CAFO,
which is 700 cows. The centrifuge for this application was designexpsrate 50,000 gallons

per day of flushed wastes, producing 1500 pounds of 70% moist solids per hour. The gasifier
was designed to process up to 1500 pounds of 70% moist animal waste per batch cycle. With this
load of material, the prdrying process rem@s about 500 pounds of water, resulting in a
material of about 55% moisture that is fed into the main chamber of the gasifier. The tests
consisted of feedstock materials ranging from 86% moisture to 15% moisture, with an average
moisture content of 51%. Edstock materials consisted of freshly scraped dairy manure (86%
moisture), separated dainganure (68% moisture), poultry layer manure (67% moistu+é), 3
month old coral dairy and beef feedlot manure (45% moistwE}, rdonth old diary coral and

beef feedlot manure (30% moistute)lmost all of the feedstock was obtained from Chino farms,
although some beef feedlot manure tests were made from manure obtained from a feedlot in
Colorado.

The AWS system and process is protecteder US Patent 7,54880.



Thefollowing totals wergroduced measure@nd analyzedpecificallyfor the FPPC testing:

- 326,000 gallons of animal waste water was proceasddnalyzethrough the centrifuge
- 99% averagef totd suspended solids (TS®&gasremovedrom the wastetreams

- 67% TKN, 90% P, and0% Kwere theaverage nutrient reductions

- 11, 214 pounds of animal waste were gasiiine87 gasification runs

- 36, 838 cubic feet dfyngaswas produced

- 858 pounds of ash wasoduced

- 689 gallons of gasifier condensate wasduced

- BTU values of the producesyngasranged from 245 BTIdcf to 1002BTU/scf

- H2S levels in the producesyngas ranged between 1200 and 1400 ppm

- Source test emissions were 20.6 ppm NO2 @ 3% dry, 0 ppm CO @ 3% O2 dry

IEUA Test Site

The AWS system was installed on a 25 ft. by 35 ft. pad at Inland Empire Utilitie€yAgen
(IEUA) RP-5 SHF location b e s i dGHO0 tonkldy Aadrpwaste digeste A\WS Site atEUA




Centrifuge Skid

The centrifuge skid is designed to remd®8% of the total suspended solids oemicrons in

size from the flushed wastes, producing a solid@b or drier moisture. By removing8% of

the suspended solids, the primary nutrients of Nitrogen, Phosphorous and Potassium (N, P, K)
used to control irrigation application rates are reduoesht levels. The centrifuge removed on
average90% of the Phosphorou®7 % of the Total Kjeldahl Ntrogen (TKN), 39% of the
Ammonia Nitrogenand 40% of the Ptassium from the flushed watéfhe earliest possible
separation of liquids from solids in wastater significantly reduces odor, increases subsequent
treatment effectiveness of the water and retains titeebt possible energyalue of the solids.

Figure 1 below shows thenique patertprotected design of thiaternal scroll device that has
proven to dramatically reduce shutdoswype maintenance in animal waste separatiboses a
patented tripleangled, polyurethane scroll and polyurethane feed ports to protect the surfaces
against the highly corrosive animabstes. Most centrifuges ustairiess steel scrolls, which

will still pit and corrode on the surface after several months of running in an animal waste
environment, causing the material to adhere to the scroll blades arehsiethe separation
efficiency and dramatically increase the tslmwvn and maintenance requirements.

Figure 2 below showshe skid that consists of tleentrifuge with a hydraulically driven scroll
motor, automaticallycontrolled separately from the bowl, a chopper pump and stvgaotect

the system of foreign objects greater than 1/32,iacktaic in-line polymer mix system, two
250-gallonpolymer mix tanksa solids discharge conveyand a control panel, all mounted on a
skid. With the hydraulic scroll drive, there is noageox on the main axle to limit rotational
speeds due to vibration. The differential speed between the scroll and bowl is automatically
controlled to react to changes in torque due to changes in feed consistemagnififuge can

spin atspeedsip to4800 rpm without vibration problems, affecting a high degree of separation.



CentrifugeSkid

Figure 1
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Gasifier Skid




Gasifier Process

Figure 3 below illustrates the gasifier process. Qasifier is a pyrolysisype ofsystem, where

the maerial is predried and thermally decomposkdthe absence of air. Some air is inherent in
the feedstock; however, no additional oxidation medium is introduced. All heating of the
feedstock is indireciThe unit is fired with a 1.9 MMBTU/hourburner(A). The furnace is a

sealed, insulated box op¢ed under negative pressure and heated with a stainless steel heating
element(B). Theheatingelement consists of aniBch tube with the burner on one end and the
stack outlet on the other end. The elen{@)tis located in the furnace, undestainless steel
container filled with the waste. The material is loaded into th&lpee via an enclosed feed
auger(D). The feed auger is at aflegree angle from the bottom of the material hopper to the
top of the predrier. The material is prdriedin an enclosed, doublealled chamber heated by
excess heat from the fI§E). It is mixed while predrying in order to keefhe material exposed

to the heateéxteriorwalls of the chambef he flue gas from the burner exhaust is used to
indirectly heatlhe material in the prdrier and the main chamber and is vented to the atmosphere
(F). The flue gas is never mixed with the produced @ace the gasification and pdeying

cycle is complete, the mixing augers reverse direction and auger tieqatenaerial into the

main chamber. Once the main chamber is filled, the inlet to the furnace is closed;dhergee
filled with new material, the prdrier input is closed, a vacuum is pulled and the burner is turned
on. The material is mixed with augensarder to expose all of the material to the heat of the
element under the material container. Gas vapors produced whieyprg are captured and

mixed with the gas vaporsguuced from the main chamb@&). The moisture in the material
evaporates into the gaghe gas is pulled via theacuumsystem through a hatir cyclone(H),

where particulate matter is spun out of the gas and drops into an enclosed {)sAlinoling
tower(J) generates chilled watéhat is used in a wat@ooled heat exchang@f) to quickly

cool the gasrom about 1000 degreés about 150 deges and condense out the moistate an
enclosed tankL). Gasification occurs between about 820 degrees and 1050 degrees F.
Depending orthe BTUcontent of the material, the material will become exothermic around 930
degrees F, generating its own heat without the bufiter gases are drawn via a vacuum pump
and expanded in a small ta(M). The gases are drawn from the small tank by aereal gas
compressor, expanded into a 250 gallon tank, and drawn and compressed from the 250 gallon
tank to 120 psin a 2000 gallon storage tank. Té@oling tower chills the reirculated water to

the heat exchanger, the gas compressor and a-@akd ash discharge. At the end of the
process, an outlet valve is opened, a mixing auger is reversed and the ash is discharged to a
watercooled auger that cools the ash and deposits it in a covier@d)bThe ash represents
between 183%of theweight ofthe incoming material on a dry matter basis.



Gasifier Process

Figure 3




