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Project Summary 

Agricultural Waste Solutions, Inc. (AWS) and Farm Pilot Project Coordination, Inc. (FPPC) 

conducted a project in Chino, California entitled “Decentralized Nutrient Reduction – 

Centralized Energy Production” from May, 2006 through September, 2008.   

The purpose of the project was to test and validate the concept of decentralized nutrient 

reduction on the farm and centralized energy production off of the farm. A centrifuge skid sized 

to the flush volume of each farm would remove at least 75% of the nutrients from the waste 

water in order to meet the nutrient management plans on the farm. The cleaned water is left on 

the farm for irrigation and/or flushing, and the removed solids are trucked to a centralized energy 

production facility that produces energy from the wastes of several farms.  

The AWS system tested consisted of a 6000-gallon mixing tank, a centrifuge skid, an 

intermediate solids hopper, a pre-drier and gasifier, an 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 reduction – centralized energy production. A full range of 

animal waste collection systems was tested, from a highly liquid flush (0.6% solids) to corral 

dried manure (80% solids), from different animal species, in order to determine the effectiveness 

of nutrient removal from the waste streams, the 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 designed to separate 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 pre-drying process removes 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%. Feedstock materials consisted of freshly scraped dairy manure (86% 

moisture), separated dairy manure (68% moisture), poultry layer manure (67% moisture), 3-6 

month old coral dairy and beef feedlot manure (45% moisture), 6-12 month old diary coral and 

beef feedlot manure (30% moisture). Almost 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 protected under US Patent 7,547,390.  
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The following totals were produced, measured and analyzed specifically for the FPPC testing:  

- 326,000 gallons of animal waste water was processed and analyzed through the centrifuge 

- 99%  average of total suspended solids (TSS) was removed from the waste streams 

-  67% TKN, 90% P, and 40% K were the average nutrient reductions  

- 11, 214 pounds of animal waste were gasified in 87 gasification runs 

- 36, 838 cubic feet of syngas was produced 

- 858 pounds of ash was produced 

- 689 gallons of gasifier condensate was produced 

- BTU values of the produced syngas ranged from 245 BTU/scf to 1002 BTU/scf 

- H2S levels in the produced syngas 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 Utilities Agency 

(IEUA) RP-5 SHF location, beside IEUA’s 600 ton/day dairy waste digester.  

 

 

Centrifuge 

IEUA Manure Filtrate 

Tank ( not part of  

AWS system) 

  25 ft. Compressed Gas Tank  

Gas Compressor  

6000 Gallon Mix Tank 

Solids Storage Hopper 

Gasifier 

AWS Site at IEUA 
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Centrifuge Skid 

 

 

 

 

 

 

 

 

 

 

The centrifuge skid is designed to remove 98% of the total suspended solids over 5 microns in 

size from the flushed wastes, producing a solid of 70% or drier moisture. By removing 98% of 

the suspended solids, the primary nutrients of Nitrogen, Phosphorous and Potassium (N, P, K) 

used to control irrigation application rates are reduced to safe levels. The centrifuge removed on 

average 90% of the Phosphorous, 67 % of the Total Kjeldahl Nitrogen (TKN), 39% of the 

Ammonia Nitrogen and 40% of the Potassium from the flushed water. The earliest possible 

separation of liquids from solids in wastewater significantly reduces odor, increases subsequent 

treatment effectiveness of the water and retains the highest possible energy value of the solids.  

 

Figure 1 below shows the unique, patent-protected design of the internal scroll device that has 

proven to dramatically reduce shutdown-type maintenance in animal waste separation. It uses a 

patented triple-angled, polyurethane scroll and polyurethane feed ports to protect the surfaces 

against the highly corrosive animal wastes. Most centrifuges use stainless 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 and decrease the separation 

efficiency and dramatically increase the shutdown and maintenance requirements.   

 

Figure 2 below shows the skid that consists of the centrifuge with a hydraulically driven scroll 

motor, automatically controlled separately from the bowl, a chopper pump and screen to protect 

the system of foreign objects greater than 1/32 inch, a static in-line polymer mix system, two 

250-gallon polymer mix tanks, a solids discharge conveyer and a control panel, all mounted on a 

skid. With the hydraulic scroll drive, there is no gearbox 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 consistency. The centrifuge can 

spin at speeds up to 4800 rpm without vibration problems, affecting a high degree of separation.  

 



6 
 

 

 

        Centrifuge Skid 

                      Figure 1 

POLYMER MIX TANKS –

250 GALLONS 

                    Figure 2 
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Gasifier Process 

Figure 3 below illustrates the gasifier process. The gasifier is a pyrolysis type of system, where 

the material is pre-dried and thermally decomposed in the absence of air. Some air is inherent in 

the feedstock; however, no additional oxidation medium is introduced. All heating of the 

feedstock is indirect. The unit is fired with a 1.9 MM BTU/hour burner (A). The furnace is a 

sealed, insulated box operated under negative pressure and heated with a stainless steel heating 

element (B). The heating element consists of an 8-inch tube with the burner on one end and the 

stack outlet on the other end. The element (C) is located in the furnace, under a stainless steel 

container filled with the waste. The material is loaded into the pre-drier via an enclosed feed 

auger (D). The feed auger is at a 55-degree angle from the bottom of the material hopper to the 

top of the pre-drier. The material is pre-dried in an enclosed, double-walled chamber heated by 

excess heat from the flue (E). It is mixed while pre-drying in order to keep the material exposed 

to the heated exterior walls of the chamber. The flue gas from the burner exhaust is used to 

indirectly heat the material in the pre-drier and the main chamber and is vented to the atmosphere 

(F). The flue gas is never mixed with the produced gas. Once the gasification and pre-drying 

cycle is complete, the mixing augers reverse direction and auger the pre-dried material into the 

main chamber. Once the main chamber is filled, the inlet to the furnace is closed, the pre-drier is 

filled with new material, the pre-drier input is closed, a vacuum is pulled and the burner is turned 

on. The material is mixed with augers in order to expose all of the material to the heat of the 

element under the material container. Gas vapors produced while pre-drying are captured and 

mixed with the gas vapors produced from the main chamber (G). The moisture in the material 

evaporates into the gas. The gas is pulled via the vacuum system through a hot-air cyclone (H), 

where particulate matter is spun out of the gas and drops into an enclosed dust bin (I). A cooling 

tower (J) generates chilled water that is used in a water-cooled heat exchanger (K) to quickly 

cool the gas from about 1000 degrees to about 150 degrees and condense out the moisture into an 

enclosed tank (L). Gasification occurs between about 820 degrees and 1050 degrees F. 

Depending on the BTU content of the material, the material will become exothermic around 930 

degrees F, generating its own heat without the burner. The gases are drawn via a vacuum pump 

and expanded in a small tank (M). The gases are drawn from the small tank by an external gas 

compressor, expanded into a 250 gallon tank, and drawn and compressed from the 250 gallon 

tank to 120 psi in a 2000 gallon storage tank. The cooling tower chills the re-circulated water to 

the heat exchanger, the gas compressor and a water-cooled 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 

water-cooled auger that cools the ash and deposits it in a covered bin (N). The ash represents 

between 16-23% of the weight of the incoming material on a dry matter basis.   
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Centrifuge Trials 

About half of the waste feedstock used in the gasifier trials was from the separated solids 

produced from the on-site centrifuge. The centrifuge, which is skid-mounted and easily 

mobilized, was taken to several farms off-site for trials as well. Liquid wastes was trucked to the 

IEUA site from local farm milking parlors in order to simulate the waste streams of modern flush 

waste systems. Solids levels ranged between 0.6% and 2.7% for the measured nutrient removal 

trials, although we separated solids from waste streams up to 6%. The solids produced from the 

centrifuge, with the early separation of fresh wastes coupled with a high degree of solids 

removal, provided the highest BTU gases of the trials.  

 

 

 

 

 

 

Trials were preformed with swine and dairy flushed wastes, with lagoon flush water and with 

fresh flush water. Higher nutrient removals were obtained with the fresh water flushes, and 

higher solids contents were obtained from the separated solids of the lagoon water flushes.  

Lagoon water flushed raw swine wastes averaged 19,050 mg/l TSS with 2,440 mg/l Total 

Kjeldahl Nitrogen, 770 mg/l Total Phosphorous and 1,190 mg/l Potassium. Lagoon water flushed 

raw dairy wastes averaged 11, 320 mg/l TSS with 1,340 mg/l Total Kjeldahl Nitrogen, 370 mg/l 

Total Phosphorous and 1,140 mg/l Potassium. Fresh water flushed raw dairy wastes averaged 

9,870 mg/l TSS with 830 mg/l Total Kjeldahl Nitrogen, 210 mg/l Total Phosphorous and 520 

mg/l Potassium. Fresh water flushed swine wastes averaged 19,170 mg/l TSS with 1,580 mg/l 

Total Kjeldahl Nitrogen, 790 mg/l Total Phosphorous and 510 mg/l Potassium.  

The polymer used for most of the trials was Ciba Specialty Chemicals Zetag 8848 FS, a high 

cationic charge cross linked flocculent. The estimated cost of this polymer in the liquid form, 

purchased in 250 gallon totes, is $9.00/gallon. We mixed one gallon of liquid polymer with 250 

gallons of water. The best combination of removal, dryness of solids and lowest polymer 

concentrations required to achieve these results was at 40 gallons/minute. At this rate, with fresh 

flushed dairy wastes of 0.8% solids, 1.6 gallons per minute of mixed liquid polymer was 

required. For 50,000 gallons/day of wastewater per day, polymer costs would be $72/day. 

Power costs for the centrifuge, at $0.15/kwh, are estimated to be $24.80/day for 50,000 gallons 

of 0.8% solids waste water per day.  

                                                                                 Nutrient Reductions

   SOLIDS

TYPE Species TKN NH3N TP COD TS TSS K CU ZN Moisture
Lagoon Swine 62% 31% 85% 85% 81% 99% 38% 99% 99% 61%

Lagoon Dairy 64% 35% 87% 90% 83% 99% 36% 93% 99% 63%

Fresh Dairy 70% 56% 91% 91% 81% 97% 42% 90% 99% 72%

Fresh Swine 71% 40% 93% 97% 85% 99% 51% 99% 99% 72%

Averaged   TKN NH3N    TP  COD TS TSS     K CU ZN Moisture

Reductions 67% 39% 90% 92% 82% 99% 40% 95% 99% 67%

               AWS Centrifuge Trials 
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Solids Proximate/Ultimate Analysis 

Proximate and Ultimate analysis from labs are used to evaluate the quality of manure solids for 

gasification. The proximate analysis is a good initial indicator of manure quality as it determines 

the moisture content, ash, volatile matter and fixed carbon in the material. Volatile matter is the 

solid material in biomass that, when heated to a specific temperature, converts directly into a 

gaseous phase without undergoing a liquid phase. Fixed carbon is calculated by subtracting 

moisture, ash and volatile matter from the total biomass.  Ultimate analysis reports the 

percentage of C, H, O, S and N in the biomass. The values of these elements differ by type of 

manure, and the ultimate analysis can be used to determine the heating value of the biomass fuel. 

Heating values are presented to represent the entire material (BTU/lb.), the moisture and ash free 

BTU value of the material (MAF BTU/lb. - the dry matter btu with no ash), and the moisture and 

mineral free btu value of the material (MMF BTU/lb. – the dry matter btu with no ash or other 

minerals (i.e. sand).  

Figure 4 below is a Proximate/Ultimate analysis done on freshly separated solids from the 

centrifuge, using a polymer to enhance the separation effectiveness.   

 

 

 

         Input TSS=8470 mg/l 

         Centrifuge Input, Output Water  

         Output TSS = 96 mg/l 
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Centrifuge Separated Fresh Dairy Solids          Figure 4 



13 
 

Figure 4 shows the Proximate and Ultimate analysis for the 67% moist material. The dry BTU 

value of the solids is 7985 BTU/pound, and the MAF (dry moisture and ash free) value is 10, 433 

BTU/pound. The MAF value determines the energy value of the material in terms of producing 

syngas. The average MAF value of fresh dairy manure is 8200 BTU/pound, as per many studies, 

and the overall dry BTU value is 6500 BTU/pound. The process of separating the manure solids 

in the centrifuge, utilizing a polymer, produces a feedstock for the gasifier with 20-40% higher 

dry BTU values than non-separated manure.  

The Hazen analysis shows a 23.47% ash content of the centrifuge separated solids. A mass 

balance test performed on these same solids produced a16.8% ash content. Several comparisons 

between Hazen ash analysis and measured ash have shown the same level of differences in ash 

content, with Hazen showing about 40% more ash than our actual measure values. Hazen uses 

air in their lab process, and their lab manager believes that this is why they produce more ash.  

Using the actual measured ash value of 16.8%, the overall BTU value of the centrifuge separated 

solids is 8680 BTU/lb HHV, which is 34% higher than raw manure solids on a dry matter basis. 

These higher energy solids produce a correspondingly higher energy level syngas.  

Gasifier Trials   

Gas samples were collected and analyzed for different waste streams and species. The highest 

BTU gases were produced from freshly separated dairy wastes through the centrifuge. Solids 

from fresh manure separated with the centrifuge produce less Methane and more Ethane, 

Propane and the other C1-C6 gases, driving up the overall BTU value. CO2 at 25% of the total is 

typical of freshly separated solids, as is the Nitrogen level of 11%. Oxygen of 1% or less is 

normal for all waste streams, as the pyrolysis system operates in a vacuum devoid of air. O2 

levels over 1% usually indicate an air leak in the system, where the vacuum system is pulling in 

Oxygen from outside of the system.  

Figure 5 below is an analysis of syngas produced from the centrifuge separated fresh dairy 

wastes, the same solids analyzed by Hazen is Figure 4.   
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Gas from centrifuge separated solids      Figure 5 
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The BTU value of the gas in Figure 5 is high at 1002 BTU/scf. This analysis breaks out Carbon 

Monoxide and Hydrogen separately from the C1-C6 and C6+ gases. Hydrogen and CO make up 

34% of the gas, while Methane is less than 10%. Ethane and the other C1-C6 and C6+ gases are 

present in substantial enough quantities to drive the overall BTU value of the gas over 1000. O2 

is 1%, as expected, and CO2 at 23% and Nitrogen at 11% are very similar to other syngas from 

freshly separated waste.  

Figure 6 below is an analysis of gas produced from 6-month old beef feedlot waste.                                                                  

6 Month Old Beef Waste Gas      Figure 6 
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This waste was air-dried in the corral over the summer and fall months. This analysis does not 

break out CO and H separately but groups them with Methane. Methane percentage of the total 

gas is very high at 40%; however, the other high value C1-C6 and C6+ gases are almost 

nonexistent. O2 is less than 1%; however, Nitrogen is higher at 23% and CO2 is higher at 34%. 

Older, air-dried wastes lose volatiles with the evaporation of moisture; however, these wastes 

still retained more than half of the fresh waste gas BTU value. If the manure is thinly spread over 

the corral and not piled or deeply layered, the moisture content will be lower, there will be less 

anaerobic decay and the BTU value of the solids and the produced gas will be higher than if the 

manure is starved of air.  

Figure 7 below is an analysis of 6-month old beef manure spread fairly thinly over the corral. 

 

6 Month Old Beef Waste Solids      Figure 7 
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This manure in Figure 7 was no more than 8 inches deep after 6 months. The BTU value of the 

solids at 4583 BTU/pound is 57% of freshly separated manure. The moisture level of 35% 

indicates that much of the material was exposed to the atmosphere. Piled or deeply layered 6-

month old manure would have as high as 50% moisture content and a BTU value of 3000 or less, 

as the oxygen starved material suffers from anaerobic decay and is not exposed to the drying 

qualities of the sun and atmosphere.  

Figure 8 below is a solids moisture and BTU analysis of 6-month old beef manure. In this 

feedlot, the corrals were smaller and contained more cattle per land area than the previous 

feedlot. The manure in these corrals was about 2 feet deep. The BTU level of the solids is only 

3086 BTU/pound, and the moisture content is 54%. Gas was not produced from this manure; 

however, if it was, its BTU value would have been < 400 BTU/s per cf. 

 

     Figure 8 
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Figure 9 below is a gas analysis of fresh poultry layer waste.  

 

The 67% moist material in Figure 9 did not require separation and was fed directly into the 

gasifier. Its BTU value is 722 BTU/scf, 72% of freshly separated manure. CO and Hydrogen 

make up 31% of the gas, much like the fresh diary waste gas. Methane is low at 12%, and the 

other C1-C6 and C6+ gas percentages are substantial, as is the case with all fresh manure. O2 is 

< 1%, Nitrogen is low at 7%; however, CO2 at 33% is about 10% higher than it is with fresh 

dairy and swine wastes.  

Fresh Layer Waste Gas                  Figure 9 
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Figure 10 below is a gas analysis of a 50/50 mix of fresh poultry layer waste and freshly 

separated dairy solids. As expected, the BTU value of the gas at 830 BTU/scf is about halfway 

between the two BTU values of the individual solids’ produced gases. Nitrogen is higher than in 

the poultry-only solids’ gas, and CO2 is lower than the poultry-only solids’ gas. This gas makeup 

is as expected when mixing the two species of materials.  

 

Figure 11 below is a gas analysis of 12-month old corral dairy waste. This waste was from a 

very large corral with relatively few animals spending time in the corral, and the manure was 

about 6 inches deep. The moisture content was very low at 20%, and the BTU value was 

relatively high at 463 BTU/scf, considering the age of the wastes. As expected with old wastes, 

the Methane percentage is high at 43% and the C1-C6 and C6+ gases are nonexistent. Nitrogen 

is high at 37%; however, CO2 is fairly low at 19%.  

50/50 Fresh Layer, Separated Dairy Waste Gas      Figure 10 
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Figure 12 below is a gas analysis of fresh horse waste that was dewatered with an air grinder 

(tornado) that utilized 800 degree F heat in its process. This test was performed because the 

moisture level of the ground solids was extremely low at 15%.  

 

12-Month Old Dairy Waste Gas      Figure 11 
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Air Grinded Fresh Horse Waste Gas      Figure 12 
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The efficiency and throughput of the gasifier is dramatically higher with such dry material as in 

Figure 12, as the energy required to gasify the material is reduced and more dry solids can be 

processed per cycle. The BTU value of this gas was very low at 332 BTU/scf due to the high 

amount of carbon that was volatized and not captured with the high heat of the air grinding 

process. Other air grinders that use lower heat levels will produce higher BTU solids and gas; 

however, they cannot reduce the moisture content of the material to 15%. Nitrogen and CO2 are 

very high in this low BTU gas. The C1-C6+ gases are still present, however, as the material was 

fresh and had not undergone anaerobic decay.  

H2S Testing 

Figure 13 below shows the Hydrogen Sulfide in two dairy waste gas samples. Sulfur is present 

in manure solids up to 1.5% by volume, so it will combine with Hydrogen to produce H2S in the 

gas. Sample I is only 404 ppmv; however, Sample I appears to be an erroneous sample due to the 

very high percentages of O2 and Nitrogen. Air could have been collected with the gas in the 

sample. Sample II is a more representative sample of dairy waste produced gas, with an H2S 

level of 1620 ppmv.  

 

                              Figure 13 
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Emissions Testing 

Exhaust stack emissions of NOx and CO were monitored on a monthly basis with a Testo 350 

Portable Emissions Analyzer. Emissions were consistently below the SCAQMD permit 

requirements of 30 ppmv NOx and 100 ppmv CO, corrected to 3% O2 dry.  

Highlights of the Source Test Compliance Report by Energy Environmental Solutions (EES), an 

SCAQMD certified agency, is below. Test results were 20.6 ppmv NOx and 0 ppmv CO, 

corrected to 3% O2 dry. 

 

                                     Air Emissions Source Test Report – pg. 1 
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                                    Air Emissions Source Test Report – pg. 2 
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                                       Air Emissions Source Test Report- pg. 3 
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                                       Air Emissions Source Test Report – pg.4 
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Operating Parameters 

Operating parameters were closely monitored and recorded during the project. Monitored 

operating parameters included feedstock weight and moisture content, centrifuged water and 

solids contents, centrifuge throughputs and differential speeds, changes in pool depth and/or 

frequency, polymer dosage, gasifier temperatures, pressures, cycle times, feed rates, gas 

production rates, ash volume, condensate water volume, and consumed gas.  

Gas vapor production began with most materials at about 820 degrees F in the main chamber. 

Optimum gas production for most materials, in terms of BTU value and quantity, was between 

980 and 1050 degrees F. The gas production period and relative production rates were observed 

by the percent capacity of the VFD-driven vacuum pump in order to maintain negative pressure 

water inside the system. At the height of gas production, the vacuum pump would reach 100%, 

and the speed of the VFD-driven gas compressor motor would have to be increased in order to 

maintain the desired negative pressure inside the system. Dry materials gasified faster than wet 

materials and produced gas in larger quantities over shorter peak intervals. Wet materials 

gasified more evenly, with a consistent rise in gas production towards the peak and a longer peak 

production period.  

Equipment Performance 

The centrifuge performed flawlessly throughout the project. The feed pump motor failed due to 

flooding when water entered the motor through a loose cover plate on the junction box. The 

replaceable polyurethane feed liners and discharge ports never had to be replaced.  

The gasifier performed well in terms of heating and producing gas. The burner never failed, and 

as long as we could mover the material in, mix it while it was in and move it out, while also 

moving the produced gas, the gasifier worked very well. Most of the problems encountered 

where mechanical in nature and caused by moving large amounts of wet material in a short 

period of time, over high angles and through tight restrictions. The feed auger from the solids 

hopper to the pre-drier input was at a 55 degree angle. This high angle was due to the limited size 

of the 25 foot x 35 foot pad allocated by IEUA. The pre-drier material output to the main 

chamber was through a 12-inch riser. Wet material often compacted and jammed in the 12-inch 

riser. A support baffle between the inner and outer walls of the pre-drier collapsed, blocking the 

flue path and requiring a rebuild of the pre-drier. During the rebuild, a better auger design was 

installed to mix and dump the material through the 12-inch riser.  

Excess tar was produced in the gas when the external compressor was too small for the high 

volume of gas produced in short intervals by very dry manure. All of the initial testing was done 

with either centrifuge separated manure or with wet scraped manure, and we did not encounter 

this problem until about a year into the project when we started testing corral dairy and beef 

manure with less than 50% moisture. The excess tar production was very obvious as it condensed 
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out in the heat exchanger, plugging the tubes. A larger external compressor was installed, 

capable of compressing 100 scfm to 120 psi, which eliminated the excess tar production.  

Figure 14 below is an analysis of condensate water produced from gasifying dairy wastes. The 

water is high in Ammonia content at about 4458 ppm. Sulfur is 374 ppm, Chlorides are 664 

mg/L, and pH is 8.79. It is clear water with a light orange tinge. On farms, it could be used in 

pivot irrigation as an Ammonia fertilizer water. It could also be stripped of the Ammonia and 

reused as water for the process. Non-separated manure produces higher levels of Ammonia in the 

water due to the heavier concentrations of Nitrogen from undiluted urine. Other analysis have 

shown gasifier condensate water from corral manure with Ammonia levels up to 25,000 ppm.  

 

 

Gasifier Liquid Output – Fresh Separated Dairy 

Waste 
                                 Figure 14 
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Figure 15 below is an analysis of the ash from separated dairy waste.  Most of the Phosphorous 

and Potassium removed from the flushed wastewater by the centrifuge ends up in the ash. Its 

market value as a fertilizer has been analyzed by Bert Brock Consulting at about $85/ton. The 

ash is produced averaged 5% by volume of 68% moist material feedstock, or about 17% of the 

incoming material of a dry-matter basis. The ash is discharged into a water-cooled auger and a 

covered bin. It was then added to the separated solids from the digester, which were composted 

off-site. The Total Carbon content is low at 4.09 %, indicating that the process volatizes most of 

the carbon into a higher value syngas rather than sequestering the carbon into the ash.   

 

 

Gasifier Ash – Fresh Separated Dairy Waste                                  Figure 15 
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Energy Production  

The AWS pilot system is designed to process the flushed wastes of about 700 dairy cows. The 

centrifuge produces ~ 1500 pd./hr. of 68% moist solids per hour from a 2.5% incoming solids 

level running at 40 gallons per minute with designed separation results (98% removal). Pre-

drying and gasification cycle time is about 50 minutes, with about 15 minutes between cycles for 

discharging ash, moving in new material and bringing the system back up to temperature.  

Mass Balance Energy Testing 
 

A gas meter to measure the produced gas was installed and utilized after the small expansion 

tank. Produced gas was measured, compressed and stored in an external tank. The external tank 

pressure was recorded after each run. The produced gas, as seen in the Tedlar bags, was normally 

clear and devoid of color. Gases were analyzed in the lab for BTU value and composition.  

A gas company meter was used to measure the consumed natural gas. Solids gasified from the 

centrifuge were measured in terms of moisture content and production time/rates, and manure 

solids fed into the hopper externally were weighed on the IEUA track scales (+/- 25 pound 

accuracy) prior to lading into the hopper. The IEUA oven testers were used to measure moisture 

content of the solids and the solids content of the waters. Ash was weighed after each run. Water 

output volume was measured and compared to the moisture content and weight of the material 

and discharged into the regional S.A.R.I. line at IEUA. The water weight comparisons were 

within 5%. The discharge waters of the centrifuge and gasifier were analyzed in the lab.  

Mass Balance Sample Test 
 

The material gasified for the mass balance test was freshly SRM-separated dairy manure from a 

fresh-water flushed milking parlor. The weight was measured at the IEUA scales at 839 pounds, 

and the moisture content was measured at 68.4% (IEUA oven tester). 

Figure 16 below shows the results of the mass balance sample testing for freshly separated dairy 

manure solids. For this test, the gasifier consumed 21% of the BTU’s that it produced. Gross gas 

production was 9.8 cubic feet/dry pound of feed material. Net gas production was 7.9 cubic 

feet/dry pound of feed material.  
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                MASS BALANCE TEST              

   

       Pre-Drier IN 
  

Pre-Drier OUT (into gasifier) 

       839 lbs. total (68.3% moist) 591 lbs. total 
 265 lbs. dry matter 

 
265 lbs. dry matter 

573 lbs. water  
  

274 lbs. water 
 

       Gasifier IN 
  

Gasifier OUT 
 591 lbs. total (55.2% moist) 

   265 lbs. dry matter 
 

46.3 lbs. ash (17.3%) 

274 lbs. water 
  

271 lbs. water 
 2.353 MMBTU - Feed Material 

 
2589 cubic feet syngas 

0.501 MMBTU - Natural Gas 
 

at 805 BTU/cubic foot 

2.854 MMBTU-Total BTU IN 
 

2.084 MMBTU-Total BTU OUT 

       Elements IN (pounds) 
 

Elements OUT (pounds) 

Hydrogen                                     13.0 
 

52.3 
  Carbon 

 
118.1 

 
2.3 (ash) 

 Nitrogen 
 

11.9 
 

22 
  NH3N 

   
2.6 (gasifier liquid) 

Sulfur 
 

2.7 
 

2.5 (H2S in gas) 

Ash 
 

62.2 
 

44.0 
  Oxygen 

 
57.1 

 
2.1 

  CO + CO2 
   

64.8 
  CH4 

   
19.4 

  Other C1-C6, 
C6+     45.3 

  Total Elements 265 
 

257.3 
   

 
 
 
 
 
 

      

                                 Figure 16 Mass Balance Test – Freshly Separated Dairy Waste 
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Figure 17 below illustrates the capital cost per kwh of produced energy from the different waste 

streams that have been analyzed in this report. The capital cost includes the cost of separation, 

drying, gasification and electrical generation equipment required to produce electricity from the 

waste streams tested.  

                                                      
Cost of Energy Production   

     

              Waste Type    Pre-drier  Input       Moisture       kwh    Cost/kwh * 

         

 Fresh Flush Dairy         

  805 btu/cu.ft. syngas        1500 lb. 70% 295      $2,900  

         1305 lb. 50% 433       © $2,250 

        1140 lb. 35% 533       © $1,830 

 Plug Flow Digester ** 

 580 btu/cu.ft. biogas                 $6,200 

 Fresh Scrape Dairy         

 680 btu/cu.ft. syngas        1690 lb. 85% 120        $4,925  

         1305 lb. 50% 405        © $1,890 

 Aged Corral, Beef         

  505 btu/cu.ft. syngas (6 months)       1160 lb. 35% 380            $1,555  

  460 btu/cu.ft. syngas (12 months)         975 lb. 20% 270            $2,190  

  650 btu/cu.ft. syngas (3 months)       1315 lb. 50% 324            $1,824  

 Grinded Horse         

  332 btu/cu.ft. syngas         920 lb. 15% 230         © $4,240 

         

© Includes estimated costs of air grinder to reduce moisture   

* Estimated capital costs of system/estimated kwh produced 

** Western United Dairyman’s Study 8/05 – 16 digesters 

 

     

                                 Figure 17 
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The first category in Figure 17 is Fresh Flush Dairy. The system was designed to 

process 1500 pounds/hour of 70% moist material, which represents the wastes from 

the smallest dairy CAFO at about 700 cows. Utilizing the centrifuge, the gasifier and a 

generator, the system produces about 295 kwh of electricity for a capital cost/kwh of     

$ 2,900. If the feed stock material is further dried from 70% to 35% moisture, utilizing 

an air grinder that does not employ heat over 180 degrees F. (so as not to volatize 

carbon), the system would be capable of producing 533 kwh of electricity at a capital 

cost/kwh of $1,830. This 37% increase in cost effectiveness is due to being able to 

batch process more dry material per cycle while utilizing less parasitic load in doing 

so. Capital cost/kwh of less than $2,000 is considered excellent for large systems, and 

this system is small.  

The second category in Figure 17 is the Plug Flow Digester capital cost of $6200 per 

kwh, obtained from the Western United Dairyman’s Study of 8/05 that evaluated the 

costs and performance of 16 operating digesters on dairy farms.  

The third category in Figure 17 is Fresh Scrape Dairy. No separator was utilized, and 

the raw waste was fed directly to the gasifier. The cost/kwh of $ 4,925 is very high due 

to the small amount of dry material processed per cycle and the large amount of 

parasitic energy required to gasify the wet material. If an air grinder was deployed to 

reduce the moisture content of the raw waste to 50%, the cost/kwh drops to a very 

good figure of $ 1,890.  

The forth category in Figure 17 is Aged Beef Corral manure. Although the BTU 

levels of the syngas are substantially lower than those of freshly separated dairy 

manure, the capital costs/kwh are near and below the $2000/kwh figure due to no 

separation equipment, no drying equipment, more dry material processed per batch, 

and less parasitic energy required to gasify each batch.  

The final category of Figure 17 is Grinded Horse manure. This was fresh manure air 

grinded with a tornado device that utilized high heat (~ 875 degrees F.). Although the 

moisture content of the material was very low at 15% and much more dry material 

could be processed per batch with lower parasitic energy, the quality of the syngas was 

low at 332 BTU/cu.ft. The BTU value of the material had been reduced through the 

use of high heat to dry the material to the point where the increased efficiency of 

gasification could not offset the reduced amount of energy produced.    
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Conclusions 

The project was successful in validating the concept of decentralized nutrient reduction on the 

farm and centralized energy production off of the farm. A centrifuge skid sized to the flush 

volume of each farm needs to remove at least 75% of the nutrients from the waste water in order 

to meet the nutrient management plans on the farm. The cleaned water is left on the farm for 

irrigation and/or flushing, and the removed solids are trucked to a centralized energy production 

facility that produces energy from the wastes of several farms.  

The goal of 75% nutrient reduction on the farm was exceeded, as the centrifuge skid removed on 

average 90% of the Phosphorous, 67 % of the Total Kjeldahl Nitrogen (TKN), 39% of the 

Ammonia Nitrogen and 40% of the Potassium from the flushed waste water. Total suspended 

solids removal averaged 99%, and total solids removal (including dissolved solids) averaged 

82%. The moisture content of the removed solids averaged 67%, and the solids were dry enough 

to load into a 25-ton trailer without liquid leaching from the bottom of the load.  

Farmers that visited the pilot site were very comfortable with the concept of the centrifuge skid 

being on their farm as an integral part of their daily operations. They readily understood how it 

operates and were very impressed with its removal effectiveness, size, quietness, low 

maintenance, automation and hands-free operation. The system is completely automated with 

remote monitoring available via the internet. It automatically adjusts its operating parameters to 

compensate for changes in feed consistency and runs very well on a 24/7 basis. The 

recommended maintenance program calls for the machine to be down for 10 hours every 6 

months. In over 40 installations of the same technology running for over 5 years in other waste 

removal applications, there has never been a catastrophic failure (down > 72 hours) of the system 

where the routine maintenance program was followed. The skid mounting of the system allowed 

AWS to load the device on a truck and test it on several farms, demonstrating that a mobile 

system could be utilized between several farms. This concept would be beneficial for dry lot 

dairies where the only flush water is from the milking parlors.  

The concept of centralized energy production off of the farm was validated in that the gasifier 

was located at the IEUA dairy digester site and all of the wastes processed were trucked in from 

area farms. The gasifier was very effective in converting the solids to energy, with as high as a 

73% efficiency of net energy conversion. The ash by-product was low in volume (17% dry) and 

low in carbon content (4%) for freshly separated dairy wastes, as most of the energy conversion 

was to the syngas rather than the ash. The recovered Phosphorous and Potassium in the ash give 

it a market value of about $80/ton as a fertilizer, and it could also be used as or fly ash, filtration 

media and possibly as a biochar, although its carbon content is lower than most biochars.  
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The air emissions performance of the gasifier exceeded expectations. The system operated in the 

South Coast Air Quality District (SCAQMD), the most stringent air district in the country. AWS 

completed the source testing for the SCAQMD R&D permit in 9/08, at the end of the FPPC 

project. AWS then applied to SCAQMD for a full operating permit. While the operating permit 

application was in process, a moratorium was placed on all new permits from SCAQMD, 

effective 1/1/09.  The AWS permit application was rejected as a result of the moratorium. There 

were only two exemptions for obtaining permits during the moratorium. One exemption was to 

purchase Emissions Credits, which would have cost about $80K for the AWS system. The other 

exemption was if AWS could prove that the system’s emissions would be less than 0.5 

pounds/day of total non-attainment source pollutants if operating on a 24 hour/day basis. AWS 

was able to prove this and obtained the first full operating permit for animal waste gasification 

ever granted from SCAQMD, during the moratorium on all new permits.  

The batch-fed gasifier performed very well in terms of its efficiency of energy conversion; 

however, the time involved in unloading the ash, moving the material from the pre-drier to the 

main chamber, reloading the pre-drier and bringing the system back up to gasification 

temperature was 15-20 minutes after each approximately hour-long cycle. This time represents a 

25-33% loss in operating efficiency, as well as the additional parasitic energy required to bring 

the system back up to operating temperature. As a result of this, AWS has moved to a 

continuous-feed gasifier design that continually feeds in a small amount of material while 

continuously discharging a small amount of ash. This design allows the gasification temperature 

to be held at the optimum temperature for the type of material and is more efficient in its 

consumption of parasitic energy.  

The cost of producing a unit of energy is a function of the BTU value of the material, the 

moisture content of the material, the throughput volume capacity of the gasifier (also related to 

the moisture content of the material), and the parasitic energy requirements of the system. Drier 

material almost always produces a better cost per unit of energy produced, even when it has lost 

almost 50% of its BTU value through non-anaerobic decay if there is no cost of separation or 

drying, as in the case of air-dried corral manure. Mixing waste streams and species produced the 

expected results and could be accurately forecasted in terms of the above-mentioned 

characteristics of the materials. The AWS system was more efficient than the digester in cost per 

unit of energy produced in all types of waste streams tested, including raw, un-separated dairy 

manure at 85% moisture. In the most efficient conversions, the AWS system was 25% the cost 

per unit of energy produced than the digester.  

 


