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Corn Stover Densified Fuel Trials Cedar Rapids, Iowa (2009) 
 

During the past four years Fountainhead Engineering Ltd (FHE) has coordinated 
densified biomass fuel trials using a variety of woody and agricultural biomass 
feedstock combinations as well as process residuals generated from pulp and 
paper mills.  Using the patented Renewable Densified Fuels, LLC (RDF) 
technology FHE has been successful in developing sustainable fuel 
combinations that create a high Btu, low ash, low moisture and extremely 
moisture resistant renewable densified (biomass) fuel.  During this time frame 
FHE developed ñMix Designsò comprised of a combination of agricultural 
residues (such as corn stover) and a variety of ñwoodyò biomass species as well 
as other herbaceous ñenergyò crops including forest slash feedstocks.  Testing 
completed in 2008 and 2009 resulted in development of a 100% corn stover 
densified fuel as well as several additional densified energy crop combinations 
for industrial boiler use.  The final preferred densified stover fuel produced was 
nearly 9,600 Btu/LB, less than 3% ash and less than 2.5% moisture content.   
 
During 2008 two Renewable Densified Fuel facilities were developed and placed 
into service designed primarily for beneficial reuse of biomass/wood residuals 
generated by primary manufacturing operations.  One densified fuel plant is 
operating at Flambeau River Papers (an integrated pulp and paper mill) located 
in Park Falls, Wisconsin.  This facility is operated by Johnson Timber Corporation 
of Hayward, Wisconsin.  The second densified plant is located at Wood 
Residuals Solutions Montello, Wisconsin.  This plant started as a new division of 
Glen Oak Lumber.  Glen Oak Lumber is one of the nationôs largest hardwood 
lumber and millwork manufacturers with locations in Montello, Wisconsin, 
Somerset Kentucky, Naples, Florida, Wexford, Pennsylvania, and Atlanta, 
Georgia.   
 
The Johnson Timber Corporation (JTC) densified fuel facility uses feedstocks 
derived primarily from (biomass) screening operations (from grinding of biomass) 
as well as ñprocessò residuals derived from pulp mill operations.  The densified 
fuel product made in Park Falls, Wisconsin is co-fired in the mills No. 6 Boiler 
replacing up to 30 TPD of coal that was co-fired with approximately 300-400 TPD 
of ñhoggedò biomass.  The system is operating ñcoal freeò.  
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Wood Residuals Solutions (WRS) produces a renewable densified fuel from 
recycled wood products generated from Glen Oak Lumberôs milling operations as 
well as other procured recycled wood fiber and limited ñagri-fiberò feedstocks. 
WRS markets their densified fuel to customers as Densified BioTech Fuel. Their 
Wisconsin plant uses this fuel to heat their 33,000 ft2 shavings, recycling and 
densified fuel production facility in Montello, Wisconsin.  Previous densified fuel 
efforts in 2007 focused on developing densified fuel Mix Designs that would use 
a significant portion of agri-fiber or agricultural ñresidualsò such as corn stover 
along with woody biomass feedstocks to create a high Btu value low ash fuel with 
good storage capabilities.  Several new Mix Designs were developed during 
2008 and 2009 with the goal to create a variety of agri-fiber or densified 
ñherbaceousò biomass fuels.   
 
The different densified herbaceous biomass fuels developed in 2008 as well as 
the corn stover fuels created in 2009 focused primarily on agricultural residues in 
areas where woody biomass sources (i.e. forests) are limited.  Other herbaceous 
energy crops can be grown in these areas or in similar geographic locations in 
less fertile circumstances.  There is significant energy potential to utilize agri-fiber 
residuals along with Miscanthus or Switchgrass for development of sustainable 
energy corps.  FHE has developed a 100% Arundo (Arundo donax L. Giant 
Cane) and a combination Arundo-Stover densified fuel as well.  Arundo is a tall 
perennial cane that grows in either fresh or moderately saline conditions.  It has 
become a rather invasive species since being introduced in the United States in 
the 1800ôs.  It forms dense stands and grows rapidly in nutrient deficient soils 
and in wetlands and near riparian habitats.  However, it combines well with corn 
stover to make a sustainable (densified) biomass fuel. All of these feedstocks 
separate or together can provide renewable herbaceous feedstocks (using this 
proprietary process) so fuel flexibility potential for many herbaceous feedstocks 
can be maximized geographically around the world.   
 
The ability to create a durable high Btu value, low ash renewable biomass fuel 
using numerous combinations of herbaceous feedstocks or in combination with 
limited amounts of woody biomass creates opportunities worldwide.  Once 
characterization of these residual feedstocks are accomplished the RDF 
technology can produce a densified sustainable biomass fuel that can easily 
replace a portion of coal usage in larger existing fossil fuel (industrial) boilers or 
in some instances convert smaller combustion units completely to renewable 
energy where feasible.  This also appears to provide good potential for 
Distributed (Green) Energy in developing regions of the world where small power 
plants can significantly improve the quality of life for residents by providing a 
sustainable and reliable power source.   Converting corn stover to densified fuel 
will allow for longer term efficient storage of this ñenergyò resource after 
conversion to densified fuel. The proprietary process creates superior structural 
integrity and high Btu value thereby allowing for its use when and where it is 
needed.  It can also work with other herbaceous feedstocks as well. 
 

http://en.wikipedia.org/wiki/Perennial_plant
http://en.wikipedia.org/wiki/Cane
http://en.wikipedia.org/wiki/Riparian
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Recent attempts during the past few years to use agri-fiber products like corn 
stover as a year round boiler fuel requires that the stover feedstocks be ground 
after harvesting to a very uniform almost ñpowderò consistency to reduce the 
development of mold and for more effective storage.  The ground stover then 
needs to be transferred or loaded into trucks.  This high moisture feedstock 
(greater than 20% Moisture Content) is then delivered by trucks (typically bulk 
material pneumatic trucks) and the material is then blown into the boiler.  If a 
pneumatic truck is not available special conveyance and handling equipment 
need to already be installed at a boiler. This implies a dedicated system and 
capital expenditures to use a biomass sourced wet and only available seasonally.  
The grinding, loading, transport, delivery and transfer (feed) into a coal fired 
boiler requires very precise timing and coordination. Weather conditions (before, 
during and after harvesting) will negatively impact all aspects of this type of ñjust-
in-timeò supply. This rather logistically cumbersome approach does not appear to 
be easy to execute or sustainable long term.  Even in superior weather 
conditions the ground corn stover must be used rather quickly otherwise storage 
at either a processing site (i.e. grinding location) or at end user (boiler) becomes 
problematic because of the large area needed to store ñnon-densifiedò feedstock 
(i.e. bales).   
 
If agri-fiber feedstocks like corn stover are harvested and stored (baled) in the 
field for several months (throughout the winter into spring) it may be susceptible 
to mold and it will continue to absorb moisture until the temperature warms the 
following spring.   Therefore, the use of non-densified agri-fiber products like 
stover are not preferred  as they are very time sensitive which means that this 
feedstock is essentially available selectively or ñjust-in-timeò and only 
seasonally regardless to the relationship to energy demand of the potential end 
user.  This in turn suggests that if this non-densified feedstock is to be a viable 
long term sustainable ñgreen energyò option the boilers need to be very close 
to stover supply and the boiler can only use the stover for a couple of months per 
year (depending on weather conditions) regardless of when the fuel (energy) is 
actually needed.  In addition, the energy user or boiler location would need 
substantial on-site storage capacity to receive the large volumes of this 
material seasonally (assuming 7-8 lbs/ft3 at 20%-35% Moisture Content ï ñMCò) 
when it is available versus when the ñenergyò is actually needed by the end user.   
 
The Renewable Densified Fuel corn stover product produced during the fuel trials 
has a density of 26-32 lbs/ft3 with less than 3% MC and less than 3% ash.  The 
fuel is very moisture resistant while the un-processed stover is not suggesting 
additional capital expenditures for special storage or handling systems (to 
minimize fugitive dust associated with ground stover as well as fire suppression 
systems) for an end user. The ground or unprocessed stover requires protection 
from even minor amounts of moisture or precipitation as the stover easily 
absorbs moisture. Stover utilization can be enhanced improving its viability as a 
sustainable energy resource through the RDF process.  This would allow for 
development and implementation of longer term stover supply programs which 
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could be sustained by farmers providing the end user (i.e. boiler or power plant) a 
higher degree of certainty that a densified corn stover fuel product would be 
available year round when the end user requires fuel versus primarily when 
feedstocks are available.  Currently the wide scale use of stover as a reliable 
renewable fuel is problematic. Stover generation is increasing due to advances in 
corn production therefore it becomes imperative to determine a more viable 
alternative for transforming this ñpotentialò energy source into a viable and 
reliable renewable energy fuel that can be easily stored, does not degrade or 
create fugitive dust when handled as well as being highly moisture resistant.   
 
Allowing for more ñpredictableò stover fuel production and storage to match an 
end users energy demand is important versus attempting to use stover only 
when it is harvested (typically a 45-60 day period when corn harvesting occurs).  
This approach (conversion to fuel with long term storage) allows for the latent 
energy in this feedstock to be realized more efficiently.  The use of stover in this 
fashion should only occur after leaving the requisite residual stover in the field for 
erosion control and replenishment of soil nutrients.  Following this general 
approach led initially to developing a 50% Corn Stover and 50% ñenergy grassò 
fuel. We also developed a 50% Corn Stover and 50% (woody) biomass fuel, 
followed by a 75% Corn Stover and 25% ñprocessed fiber residualò fuel 
combination (using residuals or secondary fiber from an Iowa cardboard mill) and 
finally the production of a 100% Corn Stover fuel.  All fuels produced during the 
2009 fuel trials were high Btu value products (over 9,000 Btu/LB - with the 100% 
stover fuel over 9,500 Btu/LB) and can be stored with very minor physical or Btu 
degradation.  This is also possible to combine stover with wood residuals or other 
non-merchantable biomass generated through forestry and logging operations.  
These fuels would ship via truck, rail, containerized ship or barge without special 
handling.  All of the fuels tested were very low ash due to the proprietary 
densified fuel system that creates this renewable boiler fuel and the fuel 
combusts very efficiently. 
 
This new renewable densified fuel can be co-combusted with coal or combusted 
with other high moisture biomass (large wood fired boilers) and in some 
instances could be used to convert existing coal fired (fossil fuel) boiler systems 
over time to a 100% biomass fired boiler system with very limited capital 
expenditures (CapEx).  In most instances the existing (coal) handling and infeed 
systems can be used for this renewable fuel ï no special handling.  Our primary 
focus when developing the fuel is on the ñcombustion systemò which allows us to 
create a specific densified fuel to match energy characteristics of a solid fuel 
boiler using regional (local) biomass feedstock supply.  Using local feedstocks 
that could be grown sustainability and/or used with other nearby byproducts or 
wood residuals promote the highest and best use of carbon neutral fuels and is 
consistent with low impact beneficial reuse strategies.  In addition, for seasonally 
available crops or crops grown in rotation use of this proprietary technology 
would assist with immediate utilization of vast quantities of agricultural residuals 
like stover that are typically available seasonally.  These residuals converted to 
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densified fuel can then be stored and used (in the future) as a high value 
renewable fuel for months.  Once Mix Designs are developed it is easy to modify 
this densified fuel to accept other seasonally available biomass assuming the 
boiler system profiles are compatible with slightly modified Mix Designs.  This 
approach will allow for using existing biomass resources more efficiently with a 
focus on sustainability or residual management while maximizing the use of 
sustainable biomass or energy grasses into the future for use in a wide variety of 
combinations and applications.  The primary goal for the 2009 effort focused on 
Corn Stover fuels (and slight Mix Design variations) using existing RDF 
production systems which were modified to accept the lighter stover feedstocks 
(versus more dense woody biomass).   
 
Stover feedstocks were tested over a period of several days to create a robust 
ñstover production systemò that converts agricultural residuals into a densified 
fuel designed for specific (boiler) application.  Corn Stover consists of the leaves 
and stalks of maize (Zea mays ssp. mays L.) left in a field after harvest and the 
residual includes: stalk; the leaf, husk, and cob following the harvest of cereal 
grain.  It is estimated that between 100 and 150 million tons (90-140 million 
metric tons) of corn stover, or crop residues are left on Midwestern fields at the 
end of a growing season.  The stover is used to prevent erosion and return 
nutrients to soil, according to the United States Department of Agriculture 
(USDA) Agricultural Research Service (ARS).  With increasing corn yields stover 
yields are also increasing and this will create more stover residuals that can be 
used for renewable densified fuel production. 
    

http://en.wikipedia.org/wiki/Leaf
http://en.wikipedia.org/wiki/Plant_stem
http://en.wikipedia.org/wiki/Maize
http://en.wikipedia.org/wiki/Carolus_Linnaeus
http://en.wikipedia.org/wiki/Field_(agriculture)
http://en.wikipedia.org/wiki/Harvest
http://en.wikipedia.org/wiki/Crop_residue
http://en.wikipedia.org/wiki/Plant_stem
http://en.wikipedia.org/wiki/Leaf
http://en.wikipedia.org/wiki/Husk
http://en.wikipedia.org/wiki/Corn_cob
http://en.wikipedia.org/wiki/Cereal
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IMAGE 1:  Corn Stover Feedstocks in the Field after Harvesting 
 

The USDA estimated (in 2008) corn harvests of 12.3 billion bushels and based 
on this harvest estimated that up to 290 million tons of corn stover would be 
produced from the 2008 harvest.  Corn Stover can be up to 50% of a cropôs 
yield.  This residual biomass fuel created using these feedstocks can be used for 
steam or electrical generation or as a cellulosic feedstock for the production of 
biofuels.  In either application the ability to densify, store, and ship on a schedule 
(i.e. on an ñas-needed basisò or ñjust-in-timeò supply) enhances maximum 
utilization of stover in this approach.  Without the RDF proprietary technology 
valuable potential renewable energy resources like corn stover may be 
underutilized.  Complete assessment of all renewable energy options focusing 
first on residuals or byproducts are the key to cost effective sustainable biomass 
production for use in renewable energy systems. 
 
The Renewable Densified Fuel production system was developed in consultation 
with boiler and grate manufacturers.  As discussed previously this fuel is targeted 
for use in industrial and large commercial or institutional  solid  fuel  boiler  
applications  that  combust  solid fuel  at  very  high temperatures and can be 
used in most instances without changing boiler infeed or handling systems.   
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The system was designed to take advantage of byproducts or ñresidualsò 
generated by a production or manufacturing process and to recycle these 
residuals into a high Btu value sustainable fuel while reducing the carbon 
footprint of these operations (when possible).  Each densified fuel application 
using biomass residuals (feedstocks) like stover has a specific Mix Design.  The 
various mix designs developed for specific boiler applications have used a variety 
of ñbiomassò or renewable feedstocks such as: 
 
¶ Sawmill residuals (i.e. slab wood, end cuts and other processing 

residuals)  

¶ Agricultural residues (i.e. corn stover, canola and soybean residuals, 

distillerôs grains, etc.) 

¶ Pulp mill and paper residues (i.e. pulp mill screenings/rejects, waste 

cardboard fiber, tissue and fibrous sludgeôs) 

¶ Forest slash 

¶ Energy crops such as Miscanthus, Switch Grass, Kenaf, Arundo, etc. 

¶ Other biomass residuals (i.e. dust collection fines, sawdust, etc.) from 

flooring, molding, and other wood product industries 

¶ Non-treated urban wood waste, particle board and OSB residuals 

 
 

IMAGE 2:  Four Mix Designs of One Inch (2.5 cm) Renewable Densified Fuel Sized to 
Various Lengths Made at JTC-RDF Densified Fuel Plant Park Falls, Wisconsin 
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The incoming feedstocks can be combined in a variety of combinations however 
the feedstocks should be uniformly sized to Ĳò minus (1.90 cm).  The average 
(incoming) target moisture content of feedstocks should be 10% -12%.  The 
typical diameter of the densified biomass fuel product using this proprietary 
process is between 1ò- 1.25ò (2.5 cm - 3.2 cm) and it is sized to various lengths. 
The densified fuel in Image 2 ranges from 1òï3ò (2.5 cm ï 7.6 cm) in length and 
is 1ò ï 1.25ò (2.5 cm ï 3.2 cm) in diameter.  The ultimate Mix Design for any 
assignment is based on utilization of available biomass or residual biomass 
feedstocks (available on a long term basis) as well as storage and handling 
requirements which vary across geographic regions and facilities.  The 
Renewable Densified Fuel product is much different than smaller generic "pellet" 
fuel marketed primarily for residential use.  Renewable Densified Fuel was not 
developed for the residential market; rather it was designed to be co-fired with 
coal or for conversion of coal fired systems to more renewable energy or ñgreenò 
fuel sources.   
 
After initial fuel trials are completed at a facility that documents infeed and boiler 
compatibility, Renewable Densified Fuel can be used to incrementally begin to 
replace fossil fuels such as coal and transition towards more renewable boiler 
fuels starting at 15-25% (Btu replacement).  At this level of utilization evaluations 
can be conducted before final decisions are made to increase or maintain 
densified biomass fuel utilization above 25%.  The actual co-fired utilization will 
be project or boiler specific, and based on boiler (and emissions) data derived 
from combustion trials. Testing at the target utilization of 25% (total Btu 
replacement) allows for adequate evaluation of a facilityôs performance based on 
comparisons of steam production, actual emissions reductions (comparative 
analysis to previous coal fired boiler emissions) as well as performance of fuel 
infeed and ash handling systems.   
 
In August 2007 Flambeau River Papers (FRP) performed emissions testing 
(following USEPA protocols) at the mills No. 6 Boiler in Park Falls, Wisconsin.  
During 2009 Boiler No. 6 was started up using only the RDF product after a 
scheduled outage.   
 
At the University of Wisconsin River Falls Campus a day long test (in December 
2009) was conducted and the campus district heating system ran on ñgreenò 
steam from 7:00am to 2:00pm fired exclusively on the RDF product using the 
existing thermal plants coal handling and boiler infeed systems.  
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IMAGE 3:  View of Flambeau Rivers Papers, LLC No. 6 Boiler from the Densified Fuel 
Production Plant (North end of wood yard) Park Falls, Wisconsin 

 
The densified fuel plant in Park Falls, WI began commercial operations in 
December 2008.  This patented technology (patented in Canada) is unique in the 
way multiple biomass feedstocks are combined to produce a high Btu value, low 
ash renewable fuel.  The strategy for Flambeau River Papers initially was to 
replace supplemental coal co-fired with hog fuel (biomass) in their primary boiler 
(Image 3).  As biomass feedstock supplies and pricing fluctuate over time this 
technology is very adaptable to using new feedstocks as well as multiple 
biomass feedstocks in numerous combinations from multiple sources.  This 
flexibility allows for this technology to produce a sustainable fuel in locations 
throughout the world that can be used in existing solid fuel boilers using existing 
infeed or fuel handing systems with minimal capital expenditures for conversion 
to a sustainable fuel.  The renewable densified biomass fuel produced is a very 
durable product, resistant to moisture and precipitation, mold  and can be stored 
outside (for weeks if necessary) allowing it to be shipped via dump trucks, live 
bottom trailers, in Gaylord containers, rail or barge with minimal physical or Btu 
degradation. 
 
It is a simple sustainable alternative as either a supplemental fuel used in 
existing high moisture biomass (wood) boilers or as a replacement for carbon 
based fuels in existing coal boilers.  This clean renewable energy can also 
stimulate sustainable agricultural practices through the growing of dedicated 
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energy crops as well as supporting the development of renewable distributed 
energy systems (small localized power generation plants) in less populated 
regions of the world or where generation and distribution of electrical power is 
problematic. This Case Study earlier examined the challenges with utilizing this 
potentially sustainable residual feedstock and advantages of the RDF system.  
The following sections document the 2009 activities associated with development 
of a high Btu, low moisture, low ash 100% (densified) corn stover fuel.   
 
In May of 2009 Fountainhead Engineering Ltd (and Renewable Densified Fuels) 
finalized the work plan for this comprehensive corn stover fuel production trial.  
BWC LC (ñBWCò) of Cedar Rapids, Iowa provided stover feedstock to 
Fountainhead Engineering Ltd prior to testing.  Samples were obtained and sent 
to Twin Ports Testing of Superior, Wisconsin for Proximate and Ultimate Analysis 
(incoming feedstock baseline).  This information was also used to assess 
preparation and new drying techniques for this feedstock. 
 
The start of fuel trials began with securing sufficient corn stover feedstocks and   
BWC LC of Cedar Rapids, Iowa had an existing inventory of baled corn stover 
from the 2008 harvest (Image 5).  This stover was stored in round bales weighing 
1,200 to 1,400 pounds per bale.  The baled stover was removed from inventory 
and relocated to the grinding area (Image 6 and Image 7) prior to loading into the 
Doppstadt grinding units (shown in Image 8 and Image 9).  The stover was 
processed (ground) at the BWC facility in Cedar Rapids, Iowa using slow speed 
grinding systems provided by Doppstadt USA.   After grinding of the stover using 
Doppstadt USA equipment, additional samples were obtained to verify 
performance of this slow speed grinding system (size distribution).  The ground 
stover feedstocks were shipped to Heat Treat Furnaces (HTF) of Sturgeon Bay, 
Wisconsin for proprietary drying using the HTF pilot system (Image 11).  After 
drying, the corn stover was shipped via Super Sacs and transported to the 
Johnson Timber Corp (JTC) densified fuel plant co-located at Flambeau River 
Papers in Park Falls, Wisconsin.  A portion of the grinding of corn stover 
residuals was also performed at Wood Residuals Solutions (WRS) densified fuel 
facility using a slow speed grinding system (to compare stover processing 
options) and this material was also dried at HTF Sturgeon Bay, Wisconsin.  WRS 
prepared the LDPE film and retail bag ñbinderò at their facility using a commercial 
slow speed grinding system that processes these recycled plastic feedstocks 
which become a Reconstituted Carbon Binder (RCB) during the initial stages of 
the densified fuel production.   This conversion occurs once the mixed biomass 
and binder feedstocks (sourced HDPE/LDPE bags) are introduced into the 
patented Thermal Mixer during densified fuel production.   
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IMAGE 5:  Corn Stover Stored at the BWC Facility in Cedar Rapids, Iowa 
 

 
 

IMAGE 6:  BWC Staff Relocating Stover to Processing Area  
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IMAGE 7:  Corn Stover Bales being loaded by BWC into Doppstadt USA Grinding and 
Processing Equipment 

  

 
 

IMAGE 8:  BWC Loading Stover Bale into the Doppstadt DW 3060 SA 
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IMAGE 9:  Processed Corn Stover Exiting Doppstadt USA Processing Equipment 
 

 
 

IMAGE 10:  Sized and Dried Corn Stover Delivered at Johnson Timber Corporation 
Renewable Densified Fuel Plant in Park Falls, Wisconsin 
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On June 16, 2009 Fountainhead Engineering, Ltd. (FHE) conducted initial drying 
tests at Heat Treat Furnaces, Inc. Sturgeon Bay, Wisconsin using the stover that 
was ground in Cedar Rapids, Iowa (Image 7, Image 8 and Image 9).  A strict 
testing protocol was followed in the sampling of the corn stover feedstock 
materials.  This protocol is followed in all sampling and testing performed by FHE 
for the production of densified fuel made using the Renewable Densified Fuels 
technology.  Five random density samples are obtained and placed within a 
(stainless steel) one cubic foot box.  These ñdensity samplesò are weighed and 
recorded and used to produce an ñaverageò cubic foot density for the incoming 
feedstock for each stage of the fuel production trials.   
 
The density of the samples are averaged to yield a ñprojectò or preliminary cubic 
foot density (ft3) to illustrate the starting density of the incoming biomass 
feedstocks and the finished product ï the densified biomass fuel.  The BWC 
Corn Stover Feedstock samples as received (i.e. ñwetò) had an average density 
of 8.5 lbs/ft3. 
 
The Corn Stover that was processed (dried) using the HTF system averaged 3.5 
lbs/ft3.  The Corn Stover Fuel produced (at 12% RCB) had an average density of 
25.4 lbs/ft3 with subsequent fuel production testing yielding an average density of 
27.4 lbs/ft3.  Density sampling is important in this process as these values are 
used for preliminary facility design specifications to illustrate conveying 
feedstocks and finished fuel storage and material handling devices and for any 
minor changes to the existing Renewable Densified Fuels process technology 
(designed primarily for more dense residuals and for woody biomass feedstocks). 
 
The HTF drying system discussed previously (illustrated in Image 11) physically 
ñdestructsò incoming feedstocks via a Heat Mill while simultaneously drying 
feedstocks suspended on a thermal blanket of hot air moving very rapidly at high 
RPM which liberates ñboundò moisture.  This strategically combined approach 
maximizes the thermal efficiency associated with drying feedstocks when 
compared to conventional drying systems and reduces overall energy 
consumption (for drying) resulting in a (combined) dried and sized finished 
feedstock for direct feed into the RDF process.  
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IMAGE 11:  View of HTF Test Unit Drying Processed Corn Stover (from Iowa) 

 
The operational data obtained at the plant also provides an understanding of how 
the various biomass feedstocks can be manipulated by adjusting pressure 
settings depending on the final (proposed) fuel design so that changes in fuel 
density can be made to adapt for either a stoker grate or suspension boiler 
system.   With a lighter Mix Design (under 15 lbs/ft3) a larger Thermal Mixer may 
need to be fabricated to increase volumes which may impact infeed augers and 
this in turn will impact aspects of programmable logic control (PLC) as well as 
mix times, pressure settings and could also impact motor size for particular 
densified fuel production systems.  This understanding early in the process 
allows for technology definition rather quickly as well as flexibility in the system to 
make minor changes without any additional expenses (with respect to the base 4 
TPH hour production unit).  Generally, less horsepower would be consumed 
when making corn stover densified fuel due to the weight of the incoming 
mixture.  The size of the Thermal Mixer could be increased by 25%-30% to allow 
for more throughput.  Hydraulic systems would remain unchanged ï based on 
these fuel trials. 
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IMAGE 12:  Corn Stover Renewable Densified Fuel Produced at Johnson Timber 
Corporation (JTC) Plant in Park Falls, Wisconsin 

 
Approximately 1,000 lbs. of wet corn stover feedstock were fed into HTFôs 
proprietary drying system to provide the JTC-RDF facility in Park Falls, WI with 
sufficient biomass feedstock for the preliminary Mix Design (i.e. to make corn 
stover fuel).  On June 17, 2009 RDF combined the dried and processed corn 
stover with 12% RCB (ground LDPE retail shopping bags) to produce the 
preliminary Mix Design.  After this fuel was produced it was labeled and the mix 
design inventoried and a sufficient sample amount was sent for independent 
testing at Twin Ports Testing, Inc. Superior, Wisconsin.  The results indicated that 
this Mix Design of the Renewable Densified Fuel had an ñas receivedò Btu value 
of 9,599 Btu/lb. 
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EXHIBIT A 
 

Feedstock Name C % H % 
Btu 
Value 

kJ 
Value 

Moisture 
% 

Ash 
% 

C % 
Change 

H % 
Change 

Iowa (BWC) Corn 
Stover 

        Corn Stover 
Feedstock Wet 30.29 3.01 4,799 5,063 33.53 9.89 

  Corn Stover 
Processed (HTF) 42.88 4.43 7,285 7,686 3.91 10.61 12.59 1.42 

Corn Stover Fuel 
12% RCB 53.94 6.44 9,599 10,127 2.45 2.91 11.06 2.01 

 
The data in Exhibit A documents relevant aspects of the changes that occur from 
receipt of raw feedstocks ñfrom-the-fieldò to a densified corn stover fuel using 
Renewable Densified Fuels production technology.  The exhibit illustrates that 
the carbon and hydrogen increases in the corn stover progressing from a 
moisture content of 33.53% - incoming feedstock, to a processed (dried by HTF) 
feedstock with a moisture content of 3.91%, to a densified biomass fuel product 
(12% Reconstituted Carbon Binder - RCB) ending with a moisture content of 
2.45%.  The integration of the RCB in this product illustrates an increased value 
of Carbon and Hydrogen in the fuel which in part contributes to the result of a 
higher Btu fuel when compared to non-densified, dried corn stover.  
 
The Renewable Densified Fuels technology created a sustainable biomass fuel 
that is very resistant to moisture and exhibits very robust handling characteristics 
allowing for loading via conveyors or bucket loaders for shipping via truck or 
containers, rail (or barge) while increasing the energy content of the ñrawò 
unprocessed corn stover by over 31%.  At the end boiler these same 
characteristics are equally as important as the Renewable Densified Fuel product 
can be off loaded into (coal) storage bunkers for temporary outside storage with 
minimal degradation or loaded directly into existing fuel storage silos. This 
product would also use conveying or materials handling equipment and existing 
infeed systems (to the boiler) and is a very low ash biomass fuel (2.91% ash 
content). 
 
As the corn stover progressed through the fuel trials from a raw, wet (field 
conditions) feedstock or just over 30% to a dry (3.91%) feedstock the Carbon 
value increased by 12.59% and the Hydrogen value increased by 1.42%.  This 
was due to reducing the overall moisture content of the incoming feedstock.  
When the processed corn stover feedstock is combined with 12% RCB and 
made into a densified fuel the Carbon value increases by 11.06% and the 
Hydrogen value increases 2.01% reflecting the combining of the two feedstocks 
and the infusion of the RCB (that becomes liquefied during the mixing process) 
and provides effective Btu into the mixture while providing superior handling 
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characteristics which produces a very clean burning renewable biomass fuel from 
a seasonally generated high moisture agricultural residual.  
 
The results of independent laboratory testing of the fuel are illustrated in Exhibit 
B and reflects the value added achieved by taking a high moisture, low density 
hard to handle agricultural residual and converting it to a low ash high Btu value 
renewable fuel capable of being stored with minimal energy or physical 
degradation and used in a variety of solid fuel boiler applications.   
 
Exhibit B through Exhibit D illustrates laboratory data for the random samples 
that were taken by Fountainhead Engineering Ltd. and sent to Twin Ports 
Testing.  Samples submitted as part of this testing were analyzed for Ultimate 
and Proximate analysis and Chlorine.  Ultimate Analysis gives the composition of 
the biomass as a percent of its (fuel) weight of Carbon, Hydrogen and Oxygen 
(the major components) as well as sulfur and nitrogen (if any).  The Proximate 
Analysis provides moisture content, volatile content (when heated to 9500 C), the 
free Carbon remaining at that point, the ash (mineral) in the sample and the high 
heating value (HHV) based on the complete combustion of the sample to Carbon 
Dioxide and liquid water.  Exhibit B is the corn stover feedstock on a wet basis, 
Exhibit C is the corn stover processed (dried by HTF), and Exhibit D is the 
laboratory data for the Corn Stover Renewable Densified Fuel produced in 
August 2009. 
 

 
 

IMAGE 13:  Corn Stover Renewable Densified Fuel Production at JTC Plant in Park Falls, 
Wisconsin 


