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A.  ABSTRACT 
 

 

 In May 2007, Phase 3 Developments & Investments, LLC (dba Phase 3 Renewables) was 
awarded a $300,000 grant for a demonstration project to process hog and cattle manure from several fa-
cilities.  By converting the manure to energy and value-added fertilizers, the project was designed to 
demonstrate and develop innovative treatment technologies for the reduction of the nutrient content of 
the waste stream from conventional animal feeding operations by 75 percent or greater.  The project was 
collaboration between Phase 3 and Geerlings Hillside Farms, LLC (GHF), wherein Phase 3 installed 
“bolt-on” additional processes to GHF’s anaerobic digestion facility to provide further reductions in 
land-applied nutrients and added-value products. 
 
      The facility at GHF is situated on an operating 8,000 space, four-barn wean to finish swine opera-
tion with a single 550,000 gallon complete mix anaerobic digester made of reinforced and insulated con-
crete.  The digester was sized for up to a 30-day retention time for 16,000 finishing spaces, or a combina-
tion of swine manure and other feedstocks totaling 18,300 gallons per day.  The digester operates at 95-
105F using radiant hot water heat provided by the waste heat from the generators operating on biogas.  
Feedstock is introduced once per hour and agitated four times per hour using submersible agitators.  Biogas 
is generated on a continuous basis and either used directly for hot water or electrical generation, or stored 
for up to 36 hours in the flexible, gas-tight roof membrane. 
 
 The project was successful in demonstrating that more than 50% of the nutrients in untreated ma-
nure can be sequestered in a form conducive to transporting outside the watershed area using a combina-
tion of post-digestion operations.  The digestate was initially separated into biofibers and separated liquid 
using a mechanical screw press.  The separated liquid was then processed in an anaerobic dissolved air 
flotation system in which a combination of polymers and coagulants were used to form a floating sludge 
layer comprising much of the remaining particulates and nutrients.  This sludge layer was then co-
mingled with the separated biofibers, dried and pelleted.  The final pellets could be stored for extended 
periods of time and cost effectively transported. 
 
 Although technically feasible, the project showed that the cost for this approach to nutrient reduc-
tion in remaining material for land application was unaffordable.  The combined high cost of chemicals 
required for sufficient nutrient sequestration in the floating sludge and the subsequent high energy 
needed for removing moisture prior to pelleting were significantly greater than the transportation costs 
for trucking untreated manure to more distant crop fields.  The critical limitation, however, was the addi-
tional clean water required to dilute the polymers and coagulants prior to incorporation.  The additional 
water volume caused insufficient storage capacity and higher farm hauling costs for the final liquid. 
 
 The farm and Phase 3 are currently testing another approach to achieve discharge quality water at 
a lower cost and no added water volume. 
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B.  GLOSSARY 
 
AD Anaerobic digestion; the biochemical decomposition of organic matter with little or no 

oxygen 
BIOFIBERS The recalcitrant lingo-cellulosic fibers that remain after anaerobic digestion and are sepa-

rated from the digestate 
 
CSNRC Closed System Nutrient Recovery Cell; the anaerobic dissolved air flotation system de-

veloped by Sheff & Sons Engineering and Mark Stoermann, Fair Oaks Dairy 
 
DAF Dissolved Air Flotation; a process which uses chemicals to form and remove a flocculat-

ing layer thereby concentrating and removing suspended and certain dissolved solids 
from a dilute solution 

 
GHF Geerlings Hillside Farms; the farm participating in the project 

GPM Gallons per minute 
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C.  FLOW DIAGRAMs 
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D.  PROJECT SUMMARY 

 

In May 2007, Phase 3 Developments & Investments, LLC was awarded a $300,000 grant for a demonstration project to 
process hog and cattle manure from several facilities.  By converting the manure to energy and value-added fertilizers, the 
project was designed to demonstrate and develop innovative treatment technologies for the reduction of the nutrient content 
of the waste stream from animal feeding operations by 75 percent or greater.  The project was a collaboration between 
Phase 3 and Geerlings Hillside Farms, LLC (GHF), wherein Phase 3 installed “bolt-on” additional processes to GHF’s an-
aerobic digestion facility to provide further reductions in land-applied nutrients and added-value products. 
 
The out-of-scope construction activities began in January 2007.  The in-scope project tasks began in May 2007 and were 
completed by May 2008; ongoing monitoring continued through March 2009.  This report provides the final results of the 
project and recommendations for future projects. 
 
The project was successful in demonstrating that more 
than 50% of the nutrients can be sequestered in a form 
conducive to transporting outside the watershed area.  
Two options are technically feasible and financially at-
tractive:  (1) blending biofibers with additional nutrients 
to maximize fertilizer value (top photo), and (2) direct 
pelleting of biofibers for use as a fuel pellet (bottom 
photo). Ongoing, the facility can provide a unique and 
economical opportunity for FPPC and other farms to test 
densification of nutrients.  There is currently no other 
facility available to conduct similar trials with represen-
tative conditions without a substantial investment of 
capital.    

 
The facility at GHF is situated on an operating 8,000 space, four-barn wean to finish swine operation with a single 550,000 gal-
lon complete mix anaerobic digester made of reinforced and insulated concrete.  The digester operates at 95-105F using radiant 
hot water heat provided by the waste heat from the generators operating on biogas.  Feedstock is introduced once per hour and 
agitated four times per hour using submersible agitators.  Biogas is generated on a continuous basis and either used directly for 
hot water or electrical generation, or stored for up to 36 hours in the flexible, gas-tight roof membrane. 
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Six days per week as fresh feedstock is introduced to the digester, digested material is removed from the digester and processed 
through a screw press separator to remove undigested fibers from the digestate.  These separated fibers are the recalcitrant ligno-
cellulosic materials that were not digested by the animal, nor the microbes in the digester.  The volume and morphology of these 
fibers changes with changes in the digester feedstock, which will vary based on hog diet changes as the hogs grow from 14 to 
260 lbs, and based on the amount of other manure (i.e. dairy heifers) being introduced.  The particulate matter in swine manure 
varies significantly as the rations change from wean to finish.  Likewise, the nutrient content of the fed rations and the conversion 
ratio of those nutrients changes making the swine manure highly variable over the course of this project.  In this project, the liq-
uid separated during this step can either go to the storage lagoon or for additional downstream treatment.
 
The project demonstrated that: 
(1) Anaerobic digestion of manure utilizes 1-3% of the phosphorus and 2-4% of the nitrogen for metabolic activity depending 
upon the health of the digester and completeness of digestion.   
 
(2)  Mechanical separation of biofibers (without chemical treatment) results in physical and chemical sequestration of 25-50% of 
particulate matter remaining after digestion, depending heavily on the nature of fibers in the feedstock, the type of mechanical 
press, and the condition of the mechanical press.  The fibers contain a greater amount per of the phosphorus (normalized on a 
#/1000 gallon basis) remaining after digestion, so the greater the percentage of particulate matter captured, the greater the level of 
phosphorus sequestered.  Most of the nitrogen remaining after digestion is dissolved, so the amount of nitrogen sequestered with 
the pressed solids varied with fluctuations in biofibers moisture content.
 
(3)  Chemical sequestration of nutrients from the separated liquid was problematic and expensive.  Nitrogen is primarily in the 
dissolved state, and will remain proportionate with liquid flow.  The polymers and coagulants were ineffective at significantly 
reducing the #/1000 gallons nitrogen after the CSNRC.  The reduced nitrogen in the final liquid waste stream occurs predomi-
nantly due to ammonia flashing from separated fibers and not due to chemical treatment.  Powdered polymers are most cost ef-
fective, but also require significant added water volume for proper dilution.  
 
(4)  Pelleting biofibers, and pelleting biofibers combined with the sludge/flocculent from the CSNRC was effective in densifying 
nutrients for longer term storage and transport.  However, the combination of sludge with pressed biofibers resulted in a mixture 
that was ~85% moisture and expensive and difficult to dry in a manner that retained nutrient value. 
 
The chart below summarizes the data collected during the project.  As can be readily observed, the data is highly variable result-
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ing from actual feedstock variability, sampling variability, differences between jar tests and full system tests.  Since it became 
clear very early in the trials that chemical costs and added water volume would be prohibitive, no extended runs were conducted 
under similar enough conditions (feedstock, chemical type, processing rate) to draw statistically valid conclusions.  A reliable 
mass balance for discrete samples was not possible at a commercial scale on a system using variable feedstocks, semi-continuous 
complete-mix digestion, intermittent running of unit operations and a wide variety of chemicals. 
 

HIGH LOW MEAN

6,570,000 % REDUCTION % OF VOLUME lbs/yr

FEEDSTOCK 48.8 39.1 45.2 n/a 100% 296,964
DIGESTATE 49.6 43.2 44.6 1.33% 100% 293,022 99% of feedstock

SEPARATED FIBERS 12.0 10.1 11.2 75.27% 15% 11,018 4% of feedstock; evaporation
SEPARATED LIQUID 47.5 42.3 45.6 -0.88% 85% 254,653 86% of feedstock level remaining

CSNRC SLUDGE 44.3 37.2 40.9 9.51% 36% 95,931 38% of separated liquid
CSNRC LIQUID 46.1 40.7 43.8 3.10% 49% 141,869 56% % of separated liquid

141,869 48% of feedstock

155,095 52% reduction vs feedstock

HIGH LOW MEAN

6,570,000 % REDUCTION % OF VOLUME lbs/yr

FEEDSTOCK 24.8 10.2 20.6 n/a 100% 135,342
DIGESTATE 23.5 12.5 20.4 54.87% 100% 134,028 99% of feedstock

SEPARATED FIBERS 47.5 37.4 46.6 n/a 15% 45,962 34% of feedstock
SEPARATED LIQUID 18.4 9.5 15.5 65.71% 85% 86,560 64% of feedstock

CSNRC SLUDGE 26.4 8.5 15.6 65.49% 36% 36,590 42% of separated liquid
CSNRC LIQUID 14.6 1.5 6.5 85.62% 49% 21,054 24% % of separated liquid

21,054 16% of feedstock

114,288 84% reduction vs feedstock

PHOSPHORUS (#/1000 GAL)

NITROGEN (#/1000 GAL)
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E.  PROJECT CHRONOLOGY 

 

  

E.1  Bids, Negotiations, Contracts, Permits 
 

JANUARY - JUNE '07 

Permitting requirements for construction of the anaerobic digester, effluent storage tank and building were reviewed, 
using the updated guidelines issued by Michigan Department of Agriculture and Michigan Department of Environ-
mental Quality (MDA/MI DEQ) earlier this year.  Building permits were not required for any of the structures.  The 
project did not exceed the threshold levels for air permitting assuming the methane was fully combusted in the boiler 
and generators.  According to the farm’s CNMP provider, the CNMP’s for each participating farm can only be updated 
once actual data from the operating system is collected.  Phase 3 began working with MDA/MI DEQ on a list of poten-
tial co-feeds to assess whether any permits would be required. 
 

JULY '07 

The project received competing bids for system electrical and controls work, and made a selection of a local contrac-
tor.  Bids were also received on the electrical generator which will replace purchased electricity. 
 
Phase 3 Developments & Investments continued to work with MDA/MI DEQ on a list of potential co-feeds which can 
be used to increase the productivity of the facility without invalidating the farm’s ability to operate under its CNMP.   
 

AUGUST '07 

Bids were obtained for the major equipment items for processing the digester effluent:  separator, dissolved air flota-
tion (DAF) system, and pellet mill.  The separator and DAF were purchased from Residual Processing & Energy of 
Eaton Rapids, Michigan, while the pellet mill was sourced from Continental Agra in Kansas.   
 
Bids were also obtained for the electrical work from two contractors, and Hoekstra Electric was selected to install 
building electrical connections and equipment, including connection of the small generators. 
 
Bids were obtained for the biogas generator(s) to provide on-site electrical power from four companies; I-Power Sys-
tems from Anderson, Indiana was selected to provide two 65kW prime mover gensets which do not require intercon-
nection to the grid. 
 
Phase 3 Developments & Investments, the System Provider, continued to work with MDA/MI DEQ on a list of poten-
tial co-feeds which can be used to increase the productivity of the facility.  Until this permitting issue can be resolved, 
GHF cannot justify the investment in the second tank and more expensive gas upgrading equipment to process biogas 
for pipeline insertion. 
 

SEPTEMBER '07 

Feedstocks:  Manure supply agreements were executed with three neighboring farms; two swine farms and one dairy 
heifer ranch.  Manure will be supplied at no charge on a delivered basis.  Participating farms may elect to utilize stored 
liquid effluent at no charge as desired. 
 
Pellets:  Representative samples were submitted to Saginaw Valley State University to obtain burn and ash data.  The 
data will be used to apply for permitting the materials as industrial boiler fuel.  Discussions continued with a local 
agronomy supplier for sale as fertilizer pellets. 
 
Phase 3 continued to work with MDA/MI DEQ on a list of potential co-feeds which can be used to increase the pro-
ductivity of the facility.   
 

OCTOBER - NOVEMBER '07 

Feedstocks:    Phase 3 worked with MDA/MI DEQ on a list of potential co-feeds which can be used to increase the 
productivity of the facility.  Legislation awaited final approval and signature by the Governor to enact these provisions 
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as part of Michigan’s environmental code.   
 

DECEMBER ‘07- JUNE '08 

Feedstocks:   Michigan passed legislation revising regulations covering potential co-feed materials.  A plan was devel-
oped to incorporate higher energy co-feeds, pending the rule-making process by Michigan Department of Environ-
mental Quality.  No co-feeding has been initiated, since Michigan Department of Environmental Quality failed to pro-
vide rules on co-feeding of non-manure substrates. 
 
Note:  As of June 2009, Michigan Department of Environmental Quality has not yet provided rules for co-feeding. 
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E2.  System and Site Design 
 

MAY-JUNE '07 

The system and site design were finalized for completion in two phases, allowing the project to better manage its cash 
flow, and benefit from the learnings being generated at other locations utilizing similar equipment. 
 
Phase 1 
 - One 65’ digestion tank providing capacity for manure from up to 16,000 hogs, 700 heifers and a 10% co-feed rate. 
 - Pad and port for direct insertion of co-feeds 
 - Solids separation via screw press for larger particulates 
 - Proprietary dissolved air flotation (DAF) system for separation of smaller particulates and dissolved solids, and to 
allow recycle of volatile solids and microorganisms, increasing biogas productivity 
  - Pellet mill for densification of nutrients (90-95% of original) 
  - One 130’ storage tank for post-digester/post-DAF effluent 
  - One 2-million BTU boiler for startup and tank heating 
  - Building to accommodate equipment 
 

JULY '07 

The project finalized P&IDs for the Phase 1 of the project, integrating the digestion tank with the energy system and 
effluent processing equipment downstream.  Accommodations were made to allow monitoring and measurements to 
be taken at many points in the process to track the fate of nutrients and biogas productivity of different feedstocks.  
Flowmeters and sample ports were positioned to enable mass and nutrient balance calculations through routine sam-
pling and analysis. 
 

AUGUST '07 

The P&IDs for the Phase 1 of the project were modified to incorporate the prime mover gensets which do not require 
interconnection with the electric utility.  The gensets provide 3-phase electricity to the new biogas plant equipment, 
thereby eliminating the need to run new 3-phase electric from the current substation.  These changes saved the project 
at least $100,000 and substantial time by avoiding the interconnection with the electric utility. 
 

SEPTEMBER '07 

The piping plan to incorporate the CSNRC, separator and pellet mill were finalized.  The feedstock receiving area was 
redesigned and modified; initial deliveries resulted in a higher than desired level of smell, flies and labor. 
 

OCTOBER _ NOVEMBER '07 

The genset room design was finalized with I-Power, provider of the biogas gensets. 
 

DECEMBER - JANUARY '08 

Additional approaches for drying of biofibers prior to pelleting were investigated, and two designs were selected for 
trial. 
 

FEBRUARY - MARCH '08 

Additional approaches for drying of biofibers prior to pelleting were investigated, and another option has been identi-
fied.  The polymer and coagulant mixing and feed system into the CSNRC is in final definition phase. 
 

APRIL - JUNE '08 

Engineering was completed on the new biofibers conveying, drying and storage area. 
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E.3   Equipment Procurement and Delivery 
 

MAY - JUNE '07 

The equipment required for the anaerobic digestion plant was delivered and installed on the concrete tanks.  Agitators 
ensure adequate mixing of feedstocks for optimal growth of beneficial microorganisms which volatilize organic matter 
and result in increased biogas production.  The flexible roof membrane provides biogas storage capacity to accommo-
date intermittent biogas utilization.  The reception pit was equipped with a piston pump and agitator to ensure ade-
quate mixing and regular introduction of feedstock to the digester. 
 

JULY '07 

The boiler was delivered.  The purchase orders for the screw press, pellet mill, and DAF system were issued and de-
livery scheduled over the following 2 months.   
  

AUGUST '07 – SEPTEMBER ‘07 

The equipment required for processing of digester effluent was installed.  During this period, all remaining equipment 
items were delivered:  pellet mill, CSNRC, separator, controls and auger.  

 
From left:  CSNRC delivered to site; Base and piping of CSNRC; Pellet mill set in place; FAN separator installed on 

platform. 

 

OCTOBER - NOVEMBER '07 

A flare was delivered and installed at the site during this period.   
 

DECEMBER - MARCH '08 

Both biogas gensets were installed and commissioned.   
 

APRIL - JUNE '08 

A new conveyor was obtained for biofibers handling.  
 

JULY '08  

Equipment Procurement Complete.    
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E. 4.  Site Excavation and Preparation 
 

FEBRUARY - JUNE '07 

As soon as winter weather permitted, the site was excavated for construction of the storage tank and digestion tank, 
and erection of the building.  The mild spring and dry weather allowed these activities to be completed in a relatively 
uninterrupted fashion.  

 
From left:  Sumps dug and installed between hog barns; New building construction begins for downstream treatment 

processes. 

 

JULY '07 – SEPTEMBER ‘07 

The piping and pumps to convey manure from the barns’ deep storage pits was completed, and is designed to allow 
farms with similar barns to install AD systems without major barn reconstruction.  The pumps between the buildings 
have also been installed and wired with electricity.  Additional backfilling was completed around the tanks to better 
manage water runoff around the facility and to ensure adequate cover over the gas pipelines.  Site work is essentially 
complete. 
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E. 5.  Tank installation and Building construction  
 

JANUARY - JUNE '07 

The concrete tanks were installed during January through March, in compliance with cold weather concrete construc-
tion standards, as outlined by the ACI and NRCS.  During this period, the heifer farm also made the transition away 
from sand bedding to biofibers bedding so that this manure can be incorporated into the digester. 
 

 
From left:  Storage tank for final liquid effluent installed; Extraction port for stored liquid; Digestion tank construc-

tion underway with insulation and roof system installation. 

 

JULY '07 

The digestion tank was 70% complete – insulation, siding, pipes, valves, heating distribution manifold and portholes 
have been installed.  The storage tank and all pipes and valves were complete.  The building was 75% complete, with 
only electrical installation and doors to be hung before installation of downstream processing equipment.  The building 
design includes a novel reception pit which will enable delivery of off-site material into the building and directly into 
the feed system for the digester. 
 

AUGUST '07 

The digestion tank is 100% complete.  The storage tank and all pipes and valves is complete.  The building is 95% 
complete, with only electrical installation and doors to be hung before it is ready for installation of downstream proc-
essing equipment.  The reception pit is completed and operational, enabling delivery of off-site material into the build-
ing and directly into the feed system for the digester. 
 

SEPTEMBER '07 

Final accessories were installed on the tank to ensure proper operation as the tank began to generate biogas.  Final 
electrical and control wiring was installed, with the exception of any modifications needed when the permanent gen-
sets arrived. 
 
Final in-ground piping was completed for the biogas, winding around the tank to the condensate trap and genset area.  
The floor of the building was modified to provide additional drainage/clean-up options should spills occur during sam-
pling. 
 
All major equipment elements were wired to the electrical supply and controls.  A temporary genset provided 3-phase 
electric service for the new equipment as well as power for the four hog barns.  An onboard waste heat exchanger pro-
vided digester tank heating.  A boiler was installed on the upper platform to be used whenever the genset was not op-
erational and supplemental heat was required. 
 
The project incorporated both on-site manure from deep pit barns housing 8000 swine as well as off-site manure from 
both other swine facilities and heifer-raising operations.   An in-line flowmeter monitored the quantity of all digester in-
puts, and a sample port allowed direct sampling from the complete mix digester.  
 
This NEATO system included installation of the downstream effluent processing equipment - mechanical separation and 
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post-processing of the separated liquid.  The FAN separator was positioned on an elevated platform within the building, 
allowing gravity flow from the digester into the separator while maintaining adequate head pressure for smooth operation.  
The platform also provides gravity flow of solids to the pellet mill and separated liquid to the Closed System Nutrient Re-
covery Cell (CSNRC).   
 
The CSNRC was positioned below the level of the separator and sized to allow for significant expansion of the facility.  
Piping and valves were installed to provide the conveyance of material under both anticipated operational conditions and 
abnormal operating procedures.  On-board flowmeters measure the amount of liquid coming from the separator into the 
CSNRC as well as from the CSNRC to the final liquid effluent storage; in-line sample ports provided an opportunity for 
accurate analysis.  Due to the nature of the CSNRC sludge (weak emulsion), the control panel calculates the volume of 
sludge since a flowmeter will not provide an accurate reading. 
 
The separator was positioned so that biofibers were initially directly deposited into a conditioning tunnel (U-trough auger 
with dynamic air flow) and co-mingled with waste heat from the biogas generators, prior to being fed to the hopper of the 
pellet mill.  The pellet mill was installed, electrically wired and incorporated into the plant controls.  The finished pellets 
were then conveyed up a small belt conveyor and into bulk and semi-bulk containers depending on the final markets 
served. 
 

OCTOBER - NOVEMBER '07 

During this period all of the transition pieces between the downstream pieces of equipment were installed, including 
the auger conveyor for the finished pellets.  The controls for the complete system were programmed to allow for 
proper sequence and timing of each unit operation.   
 

DECEMBER - JANUARY '08 

Equipment Installation Complete. 
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E. 6.  Startup and initial testing  
 

SEPTEMBER '07 

GHF began filling the tanks on August 24, using on-site manure and digestate from neighboring Scenic View Dairy.  
This was the first farm-based system in the US to have a “hot start”, where warm digestate from another farm containing 
healthy colonies of desirable microorganisms were used to accelerate the startup of a new digester.   Of the 535,000 gal-
lons used to fill the digester during this period, 240,000 were from neighboring farms.  The digester was heated and agi-
tated to facilitate the growth of the microbes and generation of quality biogas. 
 
Samples were extracted during this period from the digester as it was filled during this period.  Tests indicated that VFAs, 
solids destruction and ph were progressing in a successful manner.  Biogas sampling revealed that the digester was pro-
ducing burnable biogas with low levels of hydrogen sulfide within three weeks. 
   

Date 21-Sep 25-Sep 2-Oct 9-Oct
Reception Pit

pH 7.71 7.46 7.81 7.61
Volatile AcidAlkalinty (mg/L) 2300 2650 2330 2300

Volatile Acids (mg/L) 3450 3975 3495 3450
Total Alkalinity (mg/L) 12000 20950 18500

Volatile Acids/Alkalinity Ratio 0.33 0.17 0.19

Digester 1

pH 7.71 7.65 7.77 7.6
Volatile AcidAlkalinty (mg/L) 700 1800 600 1000

Volatile Acids (mg/L) 1050 2700 900 1500
Total Alkalinity (mg/L) 17000 19950 18500

Volatile Acids/Alkalinity Ratio 0.16 0.05 0.08

SAMPLE DATE TS(%) VS(%) COD(mg/L) AMMONIA(mg/L)

Overisel Recep. 9/26/2007 8.92 7.37 66,197 3,111
Overisel Dig. 9/26/2007 2.30 1.26 21,823 2,259  
 

OCTOBER - NOVEMBER '07 

The tank remained full during this period, with new manure introduced each day and effluent being used to startup down-
stream processes.  The digester was heated and agitated to facilitate the growth of the microbes and generation of quality 
biogas.  The gas burned easily with the flare, with H2S levels staying fairly low.  Comprehensive sampling and testing 
began on the feedstocks and digestate from the digester.     
 
The project experienced delays in the following areas during this period: 
(1)  Separator screen adjustment:  The screen mesh size on the separator was determined to be too large, resulting in poor 
separator performance.  Digestate had to be diverted around the separator directly to the storage tank.  A smaller mesh 
screen was installed to correct the problem.  Although the feedstock contained less than 15% heifer manure by volume, 
the biofibers were remarkably similar to those seen from a nearby dairy manure digester.   
(2) Auger:  The motor drive on the auger spun the auger too fast, reducing the timeframe for drying the separated solids.  
The motor was replaced to allow for slower rotation and adequate drying.  The auger blades were also modified to ensure 
they did not impinge solids on the side of the auger and stop the rotation. 
(3) Pellet Mill:  The pellet mill arrived without a die.  After considerable market research, two dies were located.  The 
first arrived and was installed during this period.  The initial pellet samples from trials at California Pellet Mill/Roskamp-
Champion were tested by Saginaw Valley State University.   
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As Received 100% Dry Matter

Moisture, % 15
Dry Matter, % 85

Crude Protein, % 10.8 12.7
Lignin, % 17.5 20.6

Crude Fiber, % 29.9 35.2

Crude Fat, % 0.4 0.5
Ash, % 15.6 18.4

Total Digestible Nutrients, %TDN 40.8 48

Net Energy, Maint, MCal/lb 0.35 0.41
Net Energy, Gain, MCal/lb 0.14 0.16

Net Energy, Lact, MCal/lb 0.41 0.48
Digestible Energy, MCal/lb 0.82 0.96

Met. Energy, Beef, MCal/lb 0.67 0.79

Calcium, % Ca 1.82 2.14
Phosphorus, % P 0.98 1.16

Magnesium, % Mg 0.98 1.15
Potassium, % K 0.89 1.05

Sulfur, % S 0.5 0.59

Sodium, % Na 0.361 0.425
Zinc, mg/kg Zn 133 156

Iron, mg/kg Fe 4780 5620
Manganese, mg/kg Mn 204 240

Copper, mg/kg Cu 202 238

Boron, mg/kg B 23 28
Nitrogen Free Extract, % 33.2  
 
(4) CSNRC – There was a delay in delivery of the controls for the CSNRC, and the installation of several accessories 
which recirculated the biogas.  Sheff & Sons Engineering and Residual Process Equipment, developers and suppliers of 
the unit operation, respectively, tested six different polymers over several days with the digestate coming from the di-
gester, and then with the separated liquid from the separator.  While some showed efficient flocculation, the right combi-
nation of polymer and dosing level was not determined.  Adjustments were also made to the polymer feed system and 
mix tanks to provide a wider range of dosing rates. 
 

DECEMBER - JANUARY '08 

The digester was fed at the rate of 12,000 to 14,000 gallons per day (~4.5 million gallons per year), resulting in a 40-45 
day retention time.  On average, the on-site animals produced 8,000 gallons per day.  In addition to the manure on site, 
the project has agreements to process manure from Meadowbrook Farms (swine, 1 mile), Hogquest, LLC (swine, 1.5 
miles), Carl Meyer Farms (swine, 2 miles), and Scenic View Dairy – Zeeland (heifers, 6 miles).  Contributing farms 
deliver the manure to the site at no cost to GHF-O.  GHF-O does not charge a tipping fee, but retains all of the value 
from energy produced and emission credits earned.  The manure supply agreements are one-year evergreen contracts 
with minimum supply of 250,000 gallons and a maximum of one million gallons, bringing the total combined high side 
annual feedstock to 7.5 million gallons, or 20,500 per day and a 26 day retention time.  In addition, the manure supply 
agreements contain an option for contributing farms to obtain liquid digestate for use on fields during crop cultivation 
periods. 
 
Heifer manure from Scenic View Dairy was brought in five times a week in a flatbed dump truck with walking bottom 
to provide adequate dry matter to the system.  Meadowbrook Farms brought in approximately 250,000 gallons over a 
three week period, which nicely overlapped with the timeframe when the on-site manure was very low during the first 4 
weeks of the new group of pigs at GHF-O.  Hogquest and Carl Meyer Farms will each do the same during the next four 
months, and then each farm will repeat that cycle at least one more time during the year.  Volumes and delivery timing 
for each farm will be renegotiated each year. 
 
Anaerobic digestion of these manure streams will have many benefits for the farms involved, and the community.  The 
results of data collected show that anaerobic digestion is substantially reducing total volatile solids and chemical oxy-
gen demand. These reductions translate directly into a lower potential for depletion of dissolved oxygen in natural wa-
ters. Although anaerobically digested manure clearly is not suitable for direct discharge to surface or ground waters, 
these reductions still are significant due to the potential for these wastes to enter surface waters by nonpoint source 
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transport mechanisms.  USDA and EPA data demonstrated that mesophilic (95F to 110F) anaerobic digestion at a hy-
draulic retention time of 34 days was found to provide a mean reduction in the density of members of the fecal coli-
forms group of enteric bacteria that approached 99.9 percent. For the pathogen, Mycobacterium avium paratuberculo-

sis, reduction slightly exceeded 99 percent. M. avium paratuberculosis is responsible for paratuberculosis (Johne’s dis-
ease) in cattle and other ruminants and is suspected to be the causative agent in Crohn’s disease, chronic enteritis in 
humans. No regrowth of either organism during storage was observed. Thus, anaerobic digestion of manure also can 
reduce the potential for the contamination of natural waters by both non-pathogenic and pathogenic microorganisms.  
 
In addition, the nutrients have been mineralized to the inorganic form, making them more available for plant growth.  The 
effluent is now a homogeneous product with predictable nutrient content when land applied, making it highly compatible 
with variable rate applicators.  Because most of the solids have been converted to biogas, the material is also now readily 
pumpable, which can allow farms to pipe material to neighboring fields.  The reduction in trucks hauling untreated ma-
nure will decrease odor complaints, farm expenses, and wear and tear on the roadways.  The extended application win-
dow provided by the mineralized form means that farmers can apply nutrients and water when it is needed most without 
burning the crops.  Both sandy and clay soils will benefit as the humate is returned to the soil.  Combined, these changes 
(versus untreated manure) dramatically reduce the negative aspects of land-applying nutrients to the fields. 
 
At a feeding rate of approximately 12,000 gallons per day, the digester produced 30-35 scfm biogas on a consistent 
basis which was adequate to operate the I-Power EIN 65kW three-phase prime mover generator.  The farm avoided a 
$36,000 capital cost of running 3-phase from the grid, and elected not to operate parallel to the grid since it does not 
anticipate selling electricity.  During the winter, the farm and digester requires only 30-50kW power, while in the sum-
mer the peak consumption grows to 115kW.  Therefore, during the summer, the digester will be fed at an increased rate 
to increase biogas productivity and to fuel a second 65 kW biogas generator.  The total anticipated electrical savings is 
$81,000.  In the event that an inadequate supply of biogas is available or maintenance must be performed, the biogas 
generator will shut down and the single phase needs of the farm – minimal, but critical for animal health - are automati-
cally and instantaneously switched back to the grid until the biogas genset comes back on line.  Excess biogas will be 
used to create additional heat for downstream processes or burned in the flare.   
 
The waste heat energy from the generators is used in two ways:  digester heating and biofibers drying.  The digester is 
equipped with radiant heat tubes imbedded in the walls and floor.  The water in the tubes is heated by the genset heat 
exchanger and circulates throughout the day.  Initially, the genset was actually producing far more heat than the digester 
required causing high processing temperatures, so a radiator was attached to the generator so that excess heat can be 
“dumped” when not needed for other operations. 
 
The start up of the biofibers drying, pellet mill and CSNRC was challenging and several modifications were instituted 
to improve operations and reduce costs.  The initial approach to drying the fibers was to introduce forced air at ~80-90F 
from the genset into the conveying auger.  Unfortunately, this simple and economical approach did not adequately re-
duce moisture down to the level required for the pellet mill.  Pellets formed nicely, but lacked sufficient integrity due to 
excess moisture.  Several experiments were done to compare alternative approaches, resulting in equipment modifica-
tions and use of a ~170F air stream from the generator.   
 
During initial trials, the CSNRC produced the desired result – a cohesive tapioca-like floating sludge layer that seques-
tered >75% of the remaining particulate matter and phosphorus.  Nitrogen levels remained virtually unchanged, how-
ever, staying at But changes to the pumps and valves were required to make the CSNRC operate properly.  The farm 
required improvement to this unit operation to fine-tune the rate of polymer incorporation and importantly, to reduce 
the cost of polymer addition.  The efficiency and efficacy of the polymers were impacted by ph, temperature, and solids 
content.   
 

FEBRUARY - MARCH '08 

 

Continued trials with the CSNRC determined the required level of polymer and coagulant addition for sludge formation 
and separation, as well as nutrient sequestration.  Jar tests were performed again by a combination of Sheff & Sons Engi-
neering, Aurora Specialty Chemicals and Kemira Chemicals, this time using a wider variety of cationic polymers and 
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metal salts.  Composition of each material was not disclosed by the suppliers.  The jar tests were performed at different 
levels of solids in the separated liquid and pH values from 7.0 to 8.8.  The best performing materials were each taken to the 
CSNRC for full scale testing.  The full scale trials confirmed that the CSNRC unit and added chemicals can achieve the 
targeted rate of phosphorus sequestration but the level of chemical addition required brought two problems:  high cost and 
added liquid.  The chemicals demonstrating the best performance for the composition of the separated liquid would cost 
$0.04/gallon of treated liquid.  This is far above the project’s objective of <$0.01/gallon.  The high level of chemical addi-
tion may be driven by startup conditions – the extended retention time results in higher digestion/destruction of particu-
lates.  As a result, the separated liquid contains a higher level of dissolved solids than would be expected with a shorter 
retention time.  It is hypothesized (based on comparisons with other operating CSNRCs) that the chemicals would be more 
efficient with a higher particulate level, using the particles as “scaffolding” for gel formation.   
 
Additionally, it was hoped that chemical usage would decrease as retention time decreased with increased throughput to 
the digester.  Lower cost chemicals are also being investigated.  Additionally, the project experimented with changing the 
point of chemical insertion (moving at least one to a point upstream of the separator) to determine if this decreased the 
level of dissolved solids in the separated liquids.  The separated liquid would continue to go through the CSNRC, but with 
a decreased level of chemical addition. 
 
The second issue was the increased liquid effluent from the system.  The polymer selected requires dilution at 100:1, re-
sulting in 22% added water to the system.  This is counterproductive, since the project is attempting to reduce the final 
quantity of liquid that must be stored and eventually land applied.   Record snowfall during the winter (42 inches in Febru-
ary alone) and a wet spring meant that the project could not irrigate from the storage tank for at least another 3-4 weeks.  
The project evaluated polymers which could be directly added to the CSNRC without dilution. 
 

APRIL - JUNE '08 

  Unfortunately, a lower cost chemical solution was not found for use with the CSNRC.  Once the pellet mill is operational, 
the project will resume full trials. 
 
The digester feeding rate increased to 18,000 - 19,000 gallons per day (~6.5 million gallons per year), resulting in a 30 
day retention time.  Sampling of digester effluent, separated biofibers, and separated liquid continued to demonstrate 
reduced total volatile solids and chemical oxygen demand. The reductions translated directly into a lower potential for 
depletion of dissolved oxygen in natural waters.   At the current rate of feeding, the digester produced 45-55 scfm bio-
gas on a consistent basis which is adequate to operate both I-Power EIN 65kW gensets at near capacity. 
 

 JULY '08 
 Start-up and Initial testing were now complete. 
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E. 7.  STEADY STATE OPERATION – SUMMARY AND CONCLUSIONS 
 
BIOGAS PRODUCTION AND USE – STEADY STATE 
The digester continued to be fed at the rate of 18,000 to 19,000 gallons per day (~6.5 million gallons per year), result-
ing in a 30 day retention time.  Sampling of digester effluent, separated biofibers, and separated liquid continue to 
demonstrate reduced total volatile solids and chemical oxygen demand. These reductions translated directly into a 
lower potential for depletion of dissolved oxygen in natural waters.   At the current rate of feeding, the digester is pro-
ducing 45-55 scfm biogas on a consistent basis which is adequate to operate both I-Power EIN 65kW gensets at near 
capacity. 
 
Both of the gensets operate as dual-fuel units.  This proprietary system provides critical back up power production in 
the event that biogas supply is interrupted or insufficient.  It also ensures that sufficient waste heat is always available 
to maintain digester temperature and for biofibers drying.  The dual-fuel unit also allows farms to start up with their 
own generator making three phase electricity and heat for the digester, and then transition to biogas as the digester be-
comes more productive. 
 
Challenges faced by the system included: 
1)  The site is located in a protected watershed area of Michigan and sought to reduce residual nutrient levels in land-
applied liquids.  During the three month period of October through December, 2008, the farm and local area experi-
enced a record rain and snowfall event, and temperatures were below average for most of the quarter.  The added pre-
cipitation filled the digestate storage tank earlier than anticipated.  As the site ran out of storage capacity for digested 
manure, it had to cut back on incoming manure.  This resulted in lower biogas productivity.    
SOLUTION:  Installation of pipelines from the facilities to satellite storage tanks for separated liquid digestate, which 
can be land-applied using center pivot irrigation.  Alternatively, installation of a cover on the storage tank would pre-
vent added liquid storage requirements. 
 
2)  The site receives manure from four smaller local farms, including one heifer raising facility.  The bedded pack ma-
nure was delivered to the site on a 4 day a week basis, resulting in a much higher solids content being fed to the di-
gester on those days.  Unfortunately, no compensation was made to the agitation schedule, resulting in a floating crust 
layer on top of the digester and limited biogas penetration.  The flexible cover had to be removed, and extra equipment 
was required to break up the crust layer.   
SOLUTION:  Train operators to adjust agitation to accommodate differences in day-day feedstock consistency.  Alter-
natively, modify feedstock delivery schedule, increase agitation in the reception pit, increase separated liquid recycle, 
or, install on-site storage to modulate solids content being fed to digester. 
 
SEPARATION OF BIOFIBERS BY SCREW PRESS – SUMMARY AND CONCLUSIONS 
 
The use of a screw press for separation of solids from both raw and digested cattle manure is common practice, but 
few sites use the equipment for dewatering swine manure.  This project was the only site at the time that would be di-
gesting a combination of swine and heifer manure.  That meant there was little information available as to appropriate 
screen sizing and machine adjustments and some amount of trial and error was required.  At startup the biofibers from 
digesting straight swine manure were smaller, finer and softer than those produced at a nearby dairy farm with a simi-
lar system.  Once the project began incorporating heifer manure the biofibers became considerably coarser, reflecting 
the higher amount of roughage in the heifer diet. 
 
While the screw press performs adequately, the wear rate of the screen is unpredictable and once worn, expensive to 
replace.  As the screen wears down, more moisture was left in the biofibers, increasing from a low of 65% to a high of 
78%.  The unpredictable level of moisture per unit volume made it difficult to design a drying approach that worked 
with the volumetric flow coming from the separator.    
 
Potential solutions to these challenges include:   

1. Use of two separators in series, where the second one always has a relatively new screen. 
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2. Use of a rotary drum press type separator which eliminates screens. 
3. Use of a heated auger screw press to increase dewatering. 

 
PELLETING SOLID NUTRIENTS – SUMMARY AND CONCLUSIONS 
 
FEBRUARY - MARCH '08 
The challenge arose in use of the waste heat for biofibers drying.  Initially, the project installed a simple dynamic air 
flow through the auger.  This resulted in substantial drying, but also in substantial amounts of small, dry fibers blowing 
out of the auger and throughout the building.  The air came from the heat exchanger and averaged 90F.  This did not 
provide sufficient evaporation at the flow rate of 65-70% H2O biofibers in the auger.   
 
The second configuration installed was a radiator at the end of the auger which would blast hot air on the fibers just as 
they entered the pellet mill feed hopper.  It was hoped that this approach would (a) prevent small fibers from floating 
around the building; (b) decrease evaporation along the auger and resultant ammonia generation; and (c) increase the 
temperature of the fibers entering the pellet mill so that sensible heat created by the extrusion process could complete 
the required evaporation for good pellet formation and integrity.  Unfortunately, this approach was not successful.  Both 
the quantity of air flow and temperature were inadequate.  Pellets were successfully formed but contained too much 
moisture to stay together after extrusion. 
 
The third configuration installed was a shroud underneath and all along the bottom half of the auger.  Hot exhaust air 
was piped from the genset into the closed space under the auger, providing a radiant heating effect.  The intent was to 
maximize heat transfer by (a) increasing the surface area; (b) increasing the temperature of air being used;  (c) increas-
ing the air flow; and (d)  using the mixing action of the auger to accelerate evaporation.   
 
This approach encountered several issues.  First, the exhaust air temperature was not hot enough due to the normal con-
figuration and sequencing of the heat exchanger provided with the genset.  Second, the exhaust air contains a substan-
tial amount of moisture which condensed in the shroud when cooled by the heat exchange with the auger and low ambi-
ent temperatures in the building.  Third, this air stream contains aggressive materials – sulfuric acid for one.   
 
The fourth configuration attempted to address the above issues by increasing the temperature of the exhaust air by retro-
fitting the heat exchanger.  The first trial increased the temperature to 170F.  This increased the evaporation of moisture 
from the biofibers, but it was still not sufficient to drive off enough moisture for the pelleting process.  The genset sup-
plier is assessing ways to further modify the heat exchanger to provide an air stream at 400-500F. 
 
In addition to the steps taken above, the project also sent biofibers to an outside vendor for a unique friction drying ap-
proach.  The trials were highly successful in drying the biofibers to <10% moisture, but the process also pulverized the 
fibers which would be problematic for pelleting.   
 
APRIL - JUNE '08 
To increase the use of the waste heat for biofibers drying, a new drying and storage area on the outside of the building 
were installed.   The fibers were conveyed through the wall onto a traveling auger, dropping onto the floor and turned 
once per day.  The gensets provide hot water for the radiantly heated floor of the 60 ft. long, 9 ft wide conditioning 
area, and transparent panels allow for solar heating.  Hot air is blown across the top of the area and provide removal of 
moisture-laden air and ammonia through the soffits and the opposite end of the room.  
 
California Pellet Mill visited the site to train and assist the project in pellet mill operations and maintenance. 
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From left:  Two I-Power 65kW generators combust biogas to produce electricity and waste heat; New biofibers drying 

and curing bay installed adjacent to generators; Heat tubes installed in concrete floor; Clear plastic panels provide 

additional solar heating of biofibers. 

 

     
From left:  A pile of biofibers is formed inside new bay; Traveling auger dispenses biofibers along length of bay. 

 
During the first six months of 2008, pelleting trials were conducted using the initial die specified by California Pellet 
Mill, based on trials conducted at California Pellet Mill’s test facility in Illinois.  The original die was a 2 in. thick vari-
able relief die with 3/16” holes.  Unfortunately, pelleting trials were largely unsuccessful and no sustained pelleting 
operations were possible.  The die became clogged and no amount of fiber drying (many methods were attempted) 
seemed to make a difference in pelleting runs.   
 

   
From left:  Biofibers in pile; First die clogged easily, baking biofibers inside each hole; Pail of biofibers. 

 
After additional consultation with CPM, the original die was replaced with a 1 in. thick die with 3/16” holes with no 
variable relief.  During August and September 2008, trials with the new die were conducted at a variety of biofiber 
moisture contents.  Pelleting was far more successful. 
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From left:  Biofibers produced and stored in bay each day; Bags of experimental pellets produced for testing. 

  
In addition to the biofibers, the pelleting trials included blending in a locally available supply of powdery chicken ma-
nure – a byproduct of their chicken manure pelleting process.  The material was too dusty for them to use, but the mate-
rial easily blended with the biofibers, coating the surface area evenly and making the biofibers flow easier.  The chicken 
manure also has higher nutrient density, which would make the final pellets more valuable as a fertilizer.  A similar 
combination could be made with ash from turkey litter gasification processes. 

 
In March 2009, a new die was provided from California Pellet Mill with larger diameter holes and shorter hole length.  
The pellet mill now produces the design rate – nearly two tons per hour.  The fertilizer value of the pellets is reflective 
of the composition of the biofibers, an example of which is shown below, but with a concentration of nutrients in-
versely proportionate to the residual moisture value of the pellets. 
 

 
*Source:  MWPS-18 Livestock Waste Facilities Handbook, 1993 
 
Additional trials were conducted using combinations of chicken litter, including samples with high feather content.  The 
objective was to produce finished pellets that could be used for a starter fertilizer or high nitrogen fertilizer, depending 
on the ratio of addition.  The composition of the starting materials is shown in the next table: 
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UNITS

AS IS BASIS

POUNDS 

PER TON @ 

70% 

MOISTURE AS IS BASIS

POUNDS 

PER TON

MOISTURE % 68.38% 1400 8.90% 178

SOLIDS % 31.62% 600.00 91.10% 1822

NITROGEN, TOTAL % 0.58% 12 4.72% 94

PHOSPHORUS % 0.19% 4 1.37% 63

POTASSIUM % 0.35% 7 1.91% 46

SULFUR % 0.11% 2.20 60

MAGNESIUM % 0.14% 2.80 10

CALCIUM % 0.35% 7.00 37

SODIUM % 0.07% 1.40 4000 8

ALUMINUM PPM 128 0.3 2400 4.8

COPPER PPM 32 0.1 315 0.63

IRON PPM 184 0.4 1500 3

MANGANESE PPM 63 0.1 330 0.66

ZINC PPM 78 0.2 275 0.55

BIOFIBERS

CHICKEN MANURE 

POWDER

 
 
Since the chicken manure powder was extremely dry, the trials were conducted without any pre-drying of the biofibers.  
The calculated nutrient values for different ratios of the two materials is shown below, assuming 9.5% moisture in the 
final pellet: 
 

MOISTURE

SOLIDS

NITROGEN, TOTAL

PHOSPHORUS

POTASSIUM

SULFUR

MAGNESIUM

CALCIUM
SODIUM

ALUMINUM

COPPER

IRON

MANGANESE

ZINC

COMBINED 

AT 1:1 

MASS 

RATIO 

(BF:CL)

COMBINED 

AT 1:1.5 

MASS RATIO 

(BF:CL)

COMBINED 

AT 1:2 MASS 

RATIO 

(BF:CL)

COMBINED 

AT 1:2.5 

MASS RATIO 

(BF:CL)

COMBINED 

AT 1:3 MASS 

RATIO 

(BF:CL)

POUNDS 
PER TON 

(loose)

POUNDS 
PER TON 

(pelleted)

POUNDS PER 

TON

POUNDS 
PER TON 

(pelleted)

POUNDS PER 

TON

POUNDS 
PER TON 

(pelleted)

POUNDS 

PER TON

POUNDS 
PER TON 

(pelleted)

POUNDS PER 

TON

POUNDS 
PER TON 

(pelleted)

789 190 666.8 190 585 190 527 190 484 190

1211 1810 1333.2 1810 1415 1810 1473 1810 1517 1810

52.99 79.2 61.272 83.2 66.79 85.5 70.74 86.9 74 88.0
33.24 49.7 39.112 53.1 43.03 55.1 45.82 56.3 48 57.2

26.35 39.4 30.22 41.0 32.80 42.0 34.64 42.6 36 43.0

31.1 46.5 36.88 50.1 40.73 52.1 43.49 53.4 45.55 54.4
6.4 9.6 7.12 9.7 7.60 9.7 7.94 9.8 8.20 9.8

22 32.9 25 33.9 27.00 34.5 28.43 34.9 29.50 35.2

4.7 7.0 5.36 7.3 5.80 7.4 6.11 7.5 6.35 7.6
2.55 3.8 3 4.1 3.30 4.2 3.51 4.3 3.68 4.4

0.365 0.5 0.418 0.6 0.45 0.6 0.48 0.6 0.50 0.6

1.7 2.5 1.96 2.7 2.13 2.7 2.26 2.8 2.35 2.8
0.38 0.6 0.436 0.6 0.47 0.6 0.50 0.6 0.52 0.6

0.375 0.6 0.41 0.6 0.43 0.6 0.45 0.6 0.46 0.6  
 

Pellets were then made using different combinations of the biofibers, chicken manure powder and dry 
chicken manure.  The first trial, using equal mass of each material resulted in well-formed pellets, but 
with nearly 35% moisture remaining:  CP 1-1:  1# Chicken Powder & 1 # Biofibers.  The high 
amount of residual moisture would limit storage life but would provide a densified nutrient suitable 
for broadcast application.  Alternatively, the pellets could be dried after pelleting to ~10% moisture to 
achieve targeted values. 
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*Source:  MWPS-18 Livestock Waste Facilities Handbook, 1993 
 

The second batch doubled the ratio of chicken manure powder to biofibers:   CP 2-1:  2# Chicken 
Powder & 1 # Biofibers.  This decreased remaining moisture content by 33% and resulted in higher 
nutrient value per ton as made.  The pellets were slightly harder, but still disintegrated readily when 
immersed in water. 

 

*Source:  MWPS-18 Livestock Waste Facilities Handbook, 1993 

 
The third batch tripled the ratio of chicken manure powder to biofibers:   CP 3-1:  3# Chicken Powder 
& 1 # Biofibers.  This decreased remaining moisture content by 43% and again resulted in higher nu-
trient value per ton as made.  If allowed to air dry in a low humidity environment, or if stored in a 
ventilated area, these pellets would likely continue to lose moisture content and be suitable for long 
term storage.  
 

 

*Source:  MWPS-18 Livestock Waste Facilities Handbook, 1993 
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The fourth and fifth batches were formulated to determine whether biofibers could be used as a binder 
and source of moisture for pelleting dry chicken litter:   CP 10%:  Chicken manure w/ 10% biofibers 
added on a mass basis and CP 20%:  Chicken manure w/ 20% biofibers added on a mass basis.  The 
addition of 10% biofibers came very close to the desired residual moisture and nutrient content.  The 
pellets were also preferred over pellets made only from chicken manure due to lower dust, darker 
color and higher organic content.  The use of biofibers to replace steam would also save money in the 
chicken litter pelleting operation and increase the total volume of saleable product.  The ability to add 
as much as 20% biofibers and still produce  an acceptable pellet was highly desirable.  
 

 

 
*Source:  MWPS-18 Livestock Waste Facilities Handbook, 1993 
 
In addition to the nutrient concentration and moisture reduction, the combination of chicken powder and biofibers re-
sulted in an increased pelleting rate of 1000-1200 lbs/hr.  The chicken manure and biofibers could process at about 
1500-2000 lbs/hr.   
 
Meetings were held with the supplier of the chicken manure and the farms concluded that it would be more cost effec-
tive to transport the biofibers from the smaller swine facility to the larger poultry manure pelleting center.  Additional 
biofibers from local dairy farms could be added, providing a sufficient supply to establish a new product for the market.  
The two farms began formulation and pelleting trials in the first quarter of 2009, and plan to begin co-marketing the 
pellets in Spring 2009.  A large crop producer located 120 miles outside the watershed area has already made a com-
mitment to purchase and transport more than 75% of the output.  Additional inquiries were received from Ohio, Ken-
tucky and Florida. 
 
CSNRC – SUMMARY AND CONCLUSIONS 
 
The original plan called for mechanical separation of biofibers, and then post-treatment of the separated liquid to se-
quester additional nutrients.  The closed system nutrient recovery cell (CSNRC) was estimated to be more efficient than 
traditional DAF systems since it would treat digested liquid that was warm, lower solids content, and close to neutral 
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PHASE 3 RENEWABLES – GEERLINGS HILLSIDE FARMS        

pH.  An increase in chemical efficiency was also expected due to the nature and number of chemical injection points on 
the CSNRC, and the ability to monitor the flocculation and make real-time adjustments to chemical addition.  Addition-
ally, the use of biogas for flotation would allow the process to stay anaerobic, increasing biogas productivity for the 
portion of flocculated sludge was recycled.  Under normal operations, the separated floc or sludge would be combined 
with the biofibers prior to drying or pelleting, enabling the farm to sequester more than 75% of the nutrients in the pel-
leted form.   
 
During the project, the closed system nutrient recovery cell successfully demonstrated that post-treatment of the sepa-
rated liquid could vastly reduce the remaining level of phosphorus in land-applied liquids.  However, the project found 
that the cost and quantity of polymers and coagulants required to achieve >90% sequestration exceeded the benefit re-
ceived by the farm.  The chemical addition costs exceeded $0.04 per gallon and ranged up to $0.11/gallon, while the 
cost of hauling liquid digestate was only $0.015 per gallon.   
 

GEERLINGS HILLSIDE FARMS - OVERISEL

$1.02 > > CS - 985 (coagulant) ;  dosage levels approximately 1500 ppm (NO DILUTION)
$1.39 > > CS - 2367 (polymer) ; dosage levels approximately 2200 ppm

NEAT 
POLYMER 
SOLUTION 

DOSAGE 
PPM

NEAT 
POLYMER 
SOLUTION 

DOSAGE 
GAL/GAL

SEPARATOR 
LIQUID GPM

NEAT 
POLYMER 
SOLUTION 

DOSAGE 
GAL/MIN

OPERATING 

MIN/DAY @ 
12,000 GPD

NEAT 
POLYMER 
SOLUTION 

DOSAGE 
GAL/DAY

1% 
POLYMER 
SOLUTION 

DOSAGE 
GAL/DAY

POLYMER 

CONC 
COST/LB

POLYMER 

CONC 
LB/GAL

POLYMER 

CONC 
COST/GAL

POLYMER 

CONC 
COST/DAY

POLYMER 

CONC 
COST/YEAR

1800 0.0018 50 0.09 240 21.6 2160 1.39$          8.8 12.23$       264.21$         95,116.03$    
2200 0.0022 50 0.11 240 26 2640 1.39$          8.8 12.23$       322.92$         116,252.93$  

COAGULANT COSTS

PPM GAL/GAL GPM SEPLIQ GPM COAG MIN/DAY COAG/GPD
COAG 
$/GAL

COAG 
LB/GAL

COAG 
COST/GAL COAG $/DAY COAG $/YR

1500 0.0015 50 0.075 240 18 1.02$          10.4 10.61$       190.94$         68,739.84$    

TOTALS 513.87$         184,992.77$  
COST/GAL SEP LIQUID 0.042$            

Polymer and coagulant selection also proved to be a matter of trial and error, and could only be done after the system 
was up and running.  Such unpredictability in the final cost of this treatment approach would make it very difficult to 
convince farms to install the equipment from the start, and planning for its incorporation in the future.  After reviewing 
our experience with multiple projects using similar chemical approaches on raw manure and separated digested liquid, 
and discussions with municipal wastewater treatment facility operators, our experience was fairly typical and the costs 
were representative for the level of nutrient removal required.  In hindsight, there was little basis for an expectation for 
nitrogen partitioning using these techniques. 
 
The project also demonstrated that the separated floc or sludge layer was too wet to easily combine with the separated 
biofibers prior to pelleting.  The added water content required more energy to evaporate than was available using waste 
heat from the generator, especially during the colder months.   
 
The project also demonstrated that the separated floc or sludge could be recycled into the digester, but that little addi-
tional biogas generation was derived since the retention time without recycle was already sufficient to reach near 
maximum levels of volatile solids destruction.  The CSNRC was not, however, more efficient in its use of chemicals 
than other DAF approaches or even simple in-line addition ahead of a screw press or belt press.  Operation of the 
CSNRC was discontinued and remaining funds were used to focus on pelletization and use of metal salts in the digester 
and ahead of the screw press. 
 
The project also implemented ferrous chloride addition to the digester to improve phosphorus sequestration in the biofi-
bers, as well as suppress hydrogen sulfide formation.  The ferrous chloride was gravity fed into the reception pit (at a 
rate calculated based on H2S levels in the biogas) and mixed with feedstocks prior to entering the digester.  Analysis 
and mass balance measurements taken on separated fibers and liquid confirmed the ability to achieve additional phos-
phorus sequestration, but there was no difference in nitrogen balance versus the previous mode of operation prior to 
FeCl addition.  The project did not install equipment to inject ferrous chloride into the digestate prior to the screw press 
due to the cost and complexity of getting the FeCl to that location in the system. 
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