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Executive Summary    
 
 
This is the final report for RFP FPPC – 02 – 06.  CNZ Solutions LLC was been retained by Skill 
Associates Inc. (SAI) to coordinate and lead the technical response to the request of the FPPC, Inc. 
for a 3rd party or “Cold Body Review”.  That report was published in December, 2006; and this report 
contains the results and conclusions of the work performed under the grant.    
 
The work contained in this report was completed between December, 2006 and July of 2007, and is 
being utilized on an ongoing basis by SAI in the further optimization of the Elimanure® technology. 
 
The hypothesis in the Cold Body Review was that Air Handling, Ash Handling and Combustion need 
to be addressed; and that hypothesis is proven in the work reported here.   The prototype combustor 
at the Weise Brothers farm is now capable of sustainable operation of about 60% of design criteria.  
The remaining work needed is to increase the size of the combustion chamber by about two-fold to 
support full design throughput.  Funding to support the modifications required for full throughput is 
being sought as part of SAI’s R&D efforts (which will be funded from future sales and an equity drive 
to raise funds for SAI). 
 
A future technology partner for SAI was developed during the process of problem solving for this 
report.  Hurst Boiler & Welding Company, Inc. has Bio-Mass combustion technology that seems to be 
easily adapted to SAI’s Elimanure® product, and they will likely be suppliers for future systems.  
 
 
On a personal note, it has been enjoyable working with SAI, SAI supplier partners and the FPPC as 
part of this process; and CNZ Solutions wishes SAI the very best in commercializing this exciting new 
technology.  
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Discussion   
 
 
This is the final report for RFP FPPC – 02 – 06.  CNZ Solutions LLC was been retained by Skill 
Associates Inc. (SAI) to coordinate and lead the technical response to the request of the FPPC, Inc. 
for a 3rd party or “Cold Body Review”.  That report was published in December, 2006; and this report 
contains the results and conclusions of the work performed under the grant.    
 
It is assumed that readers of this report understand the history and context of the problems 
associated with burning manure that were explained in the initial report (Cold Body Review).  For 
those who may not be familiar, Exhibits I – III contain the company history, process overview and 
problem statement.  Additional technical detail is reported in the initial report (Cold Body Review) and 
is not repeated here, but is available on request. 
 
The problems with combusting manure were reduced to the following hypothesis: 
 

• Air handling 
Wider & longer duct work required to increase time and reduce velocity in ducts (more time to 
combust) 

• Ash handling 
o slagging/silicate compounds will form when burning biomass --- the issue is how to handle it 

(not to eliminate it) 
o design pressure drops in concert with duct changes to manage where the ash is deposited 

• Combustion 
o more uniform fuel feeding and better air (O2) contact  
o reduced air/fuel ratio vs. today (~1/2 total air vs. current) 
o need to introduce ~80% of air underneath bed 

 
As explained in the Cold Body Review, the following were the key design points being used in the 
new design.    

• Time (increasing time in the combustion area) 
o Reduce air velocity in the system to increase the time available for combustion 
o Install larger ductwork enabling an air velocity reduction  
o Install longer ductwork allowing an increase in combustion time  

• Temperature 
o Improve air and fuel mixing by introducing approximately combustion air underneath the 

combustion grate 
o Reduce total air in system by ~ 50%  

• Turbulence  
o Improve the fuel and air contact/uniformity with an air assisted feeder to move the fuel to the 

far end of the grate  
o Improve the fuel and air contact/uniformity with air pressure under grate,  
o Optimize the grate size for maximum heat release rate of between 250 and 700kBTU/hr/ft2. 

• Ash removal 
o Increase time of combustion to help generate cleaner ash (fully combust fly ash) 
o Design pressure drops at duct elbows to facilitate ash deposition and cleaning.  
o Install a traveling grate in the combustion chamber to mechanically move the ash to a 

controlled cleanout point  
 
Discussion of Trials Conducted 
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Exhibit IV contains a copy of the work plan outline that was developed between SAI & the FPPC.  
Exhibit VI contains a chronology outline for the first half of 2007 and shows when key events took 
place to support the changes outlined in the plan.  Exhibit V is a summary of the current status of all 
of the technology associated with Elimanure ®. 
 
After the Cold Body Review, SAI and Messersmith Mfg decided to modify the combustor in several 
ways.  The combustor bed was modified to a water cooled, vibrating/reciprocating design by 
Messersmith.  The combustion chamber was modified as anticipated in the Cold Body Review 
(Figures 1 and 2 contain a sketch and pictures).   Ash removal system was improved with the addition 
of an ash removal system, based on standard barn cleaner technology. 
 
Results:   Startup of the modifications in late February, 2007 immediately revealed that the ash 
cleaning system was dramatically improved over the previous system (Figure 2).   The increased 
combustion chamber also resulted in improved combustion (Figure 1), with CO results regularly 
reading in the 10 ppm – 50 ppm range, which is extremely good for bio-mass combustion.  
 
However, the vibrating grate did not operate as anticipated.  The high ash content of manure 
necessitated more vigorous vibration than initially anticipated and this prevented any sustained 
operation.  Several modifications were made to the vibration system --- including a mechanism to fully 
reciprocate the grate, with and without vibration.  None of the modifications provided sufficient motive 
force to move ash down the grate in a controlled and sustained fashion.   
 
After much deliberation and design work, a chain surface and drive mechanism was added in March 
of 2007 to the surface of the bed, and the vibrating mechanism was removed.  This immediately 
improved the operation of the combustion chamber and it has allowed ongoing operation of the 
combustor so that other system optimization can be undertaken. 
 
Sustained operation has confirmed that a moving grate is needed on the final design, and that the 
grate area needs to be doubled, as reported in the Cold Body Review.   Fuel feeding rates of 1,200-
1,600 dry pounds/ hour are sustainable on the current 350 sq. ft of grate, but 650-700 sq.ft. will be 
required in the final design.      
 
Two sustained electricity production runs were completed in May and are outlined in Exhibit V.  
Exhibit V also contains the status of the overall Elimanure® technology.    
 
The sustained runs included a stack test performed for the Wisconsin DNR to allow final permitting of 
the process (it had previously been operating under a provisional R&D permit).   The stack testing 
met all EPA/DNR guidelines except on.  To no one’s surprise, the Stack Test revealed a relatively 
high particulate level of ~1#/mmBTU.  The WDNR has recommended that a bag house be utilized to 
remove particulate, which is now in the process of being procured.  The final documentation for 
permitting is with the WDNR and they report no anticipated issues preventing the timely issuance of a 
final operating permit.    Excerpted results from the Stack Test are in Exhibit XIV. 
 
The electricity production runs revealed that the operation was working as intended, but another 
problem with the system that had been masked by the problems with managing ash.  The steam 
production was lower than anticipated and had two principal causes: 
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1. The actual dry fuel feeding is about 5-8% lower than indicated by the fuel augers.  Expert 
advice is that this is typical with Bio-Mass ---- and now the fuel feeding has been adjusted 
accordingly. 

2. The surface area of the boiler is not sufficient.  Bio-mass utilizes 40-60% excess air vs. 5-15% 
for oil or gas combustion (excess air is the air beyond the stoichiometric amount required by 
the fuel).  This results in approximately 30% less residence time in the boiler than originally 
anticipated.  The solution to this problem is to have more surface area available for the boiler 
surface. 

 
A mass & energy balance across the boiler confirmed the second point, namely that too much heat is 
escaping from the system as hot combustion gas (exhibit XII).  A good rule of thumb for efficient 
boiler operation is that the stack temperature should be about 100 deg. F hotter than the steam 
temperature.  In this case, 300 psi saturated steam is about 420 deg. F, so temperatures of 525 to 
550 deg. F would indicate efficient operation.  The actual stack temperatures recorded ranged from 
625 to 725 deg. F (Exhibit XV). 
 
Problem investigation and problem solving in June and July of 2007 led to developing two alternative 
combustor suppliers: Bigelow-Liptak/Detroit Stoker and Hurst Boiler.  After many discussions the 
conclusion was reached that Hurst Boiler Model “Hybrid CG” is very close to the specifications that 
are required and has a more competitive cost (Figure 3).  For those reasons they will very likely be 
the technology of choice for the future.   The installed cost looks to be very similar to the original SAI 
design.  SAI is now considering replacing the Wiese Brother’s installation with the Hurst design for 
utilization as an R&D facility and as a showroom model.  The alternative is to continue on the path of 
upgrading the original installation, but that is likely to be more expensive than the replacement option. 
 
Bigelow-Liptak (with partners Detroit Stoker) were very helpful in problem solving and have interest in 
the Bio-Mass market, but in their view they are typically too big and too expensive for small (<1MW) 
applications.  When/as SAI has Elimanure® applications in large markets they will likely be the 
supplier of choice.  Figure 4 contains a sketch of the cast iron traveling grate that they normally 
employ.  It is very similar to the traveling grate design in the Hurst design, but much more substantial. 
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Figure 1 
 
 

Sketch of Combustor/Boiler After Modifications 
 
 
      
       

                   

Boiler 

New Combustor 
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Figure 2  
 
Figure 3  
 

Hurst Boiler Company 
Hybrid Model CG 

 
Likely the technology to be employed on future Elimanure® installations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Hybrid CG design is suitable for applications to produce high pressure steam or hot water in ranges from 
3,450 - 60,000 lbs/hr (3.4 mm BTU - 60 mm BTU) output from 100 up to 400 PSI. The new HBC chain grate-
type stoker system permits a wide range of biomass fuels with high ash contents to be combusted in an efficient 
manner with the added advantage of automatic de-ashing.. This combination enables these systems to provide 
a flexible and reliable operation utilizing a consistent "grade" of biomass waste with moisture contents ranging 
from 30 - 50%. The boiler vessel is a two pass hybrid design incorporating a water tubed boiler-type water 
membrane and a two-pass fire tube scotch marine vessel. This vessel's advantages over standard water tube 
boilers include much larger steam disengagement area providing high quality steam, larger steam storage 
capability for quicker response to sudden steam demand and much larger thermal storage that provides fast 
demand response times and safer operation. 
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Figure 4
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 Exhibit I   Project History & Background 
 
The objective of this project is to eliminate the nutrient loading problems associated with the land spreading of 
animal manure by converting the dairy manure into electrical energy.   The problems associated with land 
spreading of manure are well documented and include: 

• Ground and surface water contamination with e-coli, phosphorus and other nutrients 
• An imbalance in the land required to raise animals with the land required to spread manure  (e.g. one 

cow requires ~1.3 (1.2-2.0) acres for feed and ~2.0 (1.5-2.5)  acres to spread the resulting manure) 
• Energy consumption and road wear & tear to transport and spread the manure 
• Malodor associated with the capture,  transport and spreading of manure 

 
These problems become more acute with Concentrated Animal Feeding Operations (CAFO) for cattle, swine, 
poultry and other livestock.   Politically, economically and socially many people are working to solve these 
problems. 
 
Burning of manure is an obvious way to minimize or eliminate the issues with spreading and has been practiced 
for millennia as a way to generate heat energy.  Efforts over the last few decades have primarily been focused 
on using various forms of digesters to form fuel gases for subsequent burning.   These technologies utilize 
some of the fuel value of manure, but consume only a small percentage of the volume of the manure and still 
have many of the problems associated with direct-spreading.   Recent work has begun studying direct firing of 
bio-fuels in solid fuel boilers. 
 
Skill Associates was formed in March 2004 to leverage research into unique First-Of-A-Kind (FOAK) 
technologies to directly burn liquid manure.   The process development was completed collaboratively between 
Skill Associates (SA), Kaukauna, Wisconsin, Dr. Tom Richard, Penn State University (formerly of Iowa State 
University) and Messersmith Manufacturing of Bark River, MI. 
 
A system approach has been developed is to dry liquid manure into a feedstock of about 55% solids/45% water 
(range 50-60% solids) and then combust the dried manure as fuel to heat a boiler to create steam.  The steam 
is then utilized to turn a turbine/generator and generate electricity.  The dry manure is reduced to ash which is 
2% of it’s original mass.   The ash is being studied for potential additive to concrete or use as a fertilizer in 
phosphorous deficient areas. The other 98% of the mass is evaporated into the air as water or is converted to 
water and carbon dioxide as products of combustion. 
 
The first prototype unit was installed on the Wiese Brothers Farm in Greenleaf, WI in July of 2005.  The Wiese 
Farm is a 3,470 Animal Unit (AU) dairy CAFO, producing about 50,000 gal/day of liquid manure at about 14% 
solids. The unit has successfully demonstrated performance of all three of the major unit operations (described 
in the following section).  However, the combustor is limited to about 35% of its design capacity due to silica 
buildup.   SA applied for a grant from Farm Pilot Project Coordination, Inc. (FPPC) in July of 2006 to financially 
assist in making modifications to the combustor and to study other potential process improvements.    FPPC 
has responded very favorably to the grant request, but has also asked SA to do a more thorough review of the 
process to generate greater confidence that the proposed changes will improve the combustor.    
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Exhibit II   Process Description 
 
The basic unit operations of the process are shown in Figure I, with descriptions below: 
 
A Bio-Dryer --- manure drying to fuel ready {min. 50% moisture}. The Bio-Dryer is First-Of-A-

Kind (FOAK), proprietary, technology 
 
B Combustor & Bio-Steam --- bio-fuel combustion and steam generation in a proprietary 

combustor/boiler unit 
 
C Bio-Electricity ---electricity generation in a standard turbine/generator unit 
 
 
 
 
 

Bio-Energy Process 

 
 
 
 
 
 

Figure I 
 
 

 
Problem Statement:   At fuel feeds rates much beyond 880 #/hr of dry fuel (37% of target flow 
of 2400#/hr), molten silicates accumulate in the combustor, forcing boiler shutdown for clean-
up and maintenance (See pages 8 & 9 for proposed combustor improvements and assessment 
of the proposed changes). 

Bio-Dryer 
 

(A) 

Combustor & 
Bio-Steam 

 
(B) 

Turbine/Gen 
 

(C) 

Liquid Manure 

Evaporated H2O 

Forced Hot Air 

Dry Fuel Steam

Combustion Products

Electricity

Problem Area is 
the Combustor 

Condensate Water Feed

Combustion Air 
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Exhibit III   Process Operating History 
 
July 2005 Ground Breaking 
Dec. 2005 Construction Completion 
Jan. 2006 Bark/wood chip trials in combustor/boiler 
Jan. 2006 Dryer Startup & Checkout 
Feb. 2006 Electricity Generation initiated 
Mar. 2006 Process operational development and improvement 
 
After construction the boiler and steam generation was checked-out by burning woodchips in the boiler and 
turbine/generator was also checked out and the whole system was tuned. Wisconsin Public service then 
connected the process to the electrical grid. No problems were encountered creating steam nor were there any 
problems sending the power to the grid. We then started running the boiler around the clock to generate heat to 
send to the bio-dryer. 
 
The bio-dryer was set up first time by mixing sawdust and liquid manure to fill the entire Bio-Dry and process 
drying heat was applied.  After weeks of operation the sawdust to manure mixture became more and more 
manure as sawdust was eliminated and only liquid manure and dry pack manure.  
 
During periods of stable operation the observation was made that the Bio-Dryer supply temperature could be 
maintained at 185°F, well in excess of the 160°F design point.   If this can be maintained in sustained operation 
it would mean that the Bio-Dryer has greater than designed drying capacity.   
 
Minor process problems occurred with the dryer during start-up, which were addressed, but the main problem 
with run ability from the very start was around the burner. At that time the burner problems were not well 
understood.  The main problem observed in the burner occurred as the percentage of manure was increased 
and the percentage of sawdust decreased.  As the amount of manure was increased a buildup was observed in 
the breeching tube on the combustion side of the boiler, significantly reducing efficiency and forcing frequent 
shutdown for cleanup and maintenance.   
 
The team found that reducing the fuel load/steam generation reduces the boiler problems to the point where 
sustained operations are possible to allow further process startup and process optimization.   
 
Several changes were made to the burner to help alleviate the deposit issue. The first modification was to 
change the sliding grate to a step grate. The next change was to reduce combustion supply air to starve the 
combustion bed and allow combustion further downstream and move the deposits downstream. Baffles were 
also installed to allow re-direction of the flame.  Net/net, the changes demonstrated that the deposits could be 
moved to various places in the burner, but the problem was not eliminated.  With time coping strategies were 
developed to handle the deposits on the bed, but these strategies did not enable burning at capacity or close to 
it. The deposits in the breaching tube were always the issue. 
 
Attempts were made chemically modify the manure to eliminate the silica build up, but none were successful.   
Ashland Chemical, GE, Garrett Callahan and other suppliers of boiler chemicals were consulted and several 
approaches were evaluated, but none significantly reduced the silica buildup.   
 
The operating experience suggests that for the project to be successful, strategies for managing the silica 
buildup is required.  Said differently, the silica will end up being deposited in the combustor, but the challenge is 
to redistribute or minimize the silicate buildup in such a manner that the manure burning can be reliably 
operated and greatly extended while maintenance of the combustion chamber becomes significantly more 
efficient.  
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Exhibit IV     2007 Work Plan Correspondence with the FPPC 
 
 
 
 

W712 County Road UU • Kaukauna, WI 54130
pschneider@burnmanure.com
Ph. 920-371-6156

Robert Monley June 6th, 2007
Farm Pilot Project Coordination, Inc
PO Box 3031
Tampa, FL 33601-3031
813-222-8200

Bob,

Best Regards,

P.J. Schneider

This memo is a request to release $284,535 of the $300,000 approved by the FPPC for the development of the 
Elimanure(R) combustor by Skill Associates Inc.  The remaining $15,465 will be reserved for May expenses and 
final reporting.
 
Attached to this memo are:

1)  The overall plan for improving Elimanure (the combustor as well as other process optimization).   Total 
development costs are in the range of  $1.4 million to $1.8 million and the total will depend on the specific path 
that the development takes.  The general activities are highlighted as well as high level cost estimates. 
2)   A description of the tasks associated with development of Elimanure.  
3)   Month-by-month Invoices for the tasks associated with improving Elimanure(R) that were approved at your 
December, 2006 FPPC Board Meeting.  

Many thanks to you and the team at the FPPC for your support of our technology.

Environmental Solutions for Sustainable 
Agriculture
Manure Management • Waste Management
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Task Number Title Description

Task 1 Experimental Operations Expenses associated with operating the combustor during 
experimentation.  The expenses are incurred (typically) by two 
primary vendors:  Wiese Brothers Farm (WB) and Kozlovsky 
Dairy Equipment (KDE)

Task 2 Ash removal system Work associated with the design, installation and startup of the 
ash removal system

Task 3 Duct Improvement Step 1 Work associated with the design, installation and startup of the 
first stage of ductwork improvement to eliminate the breeching 
tube

Task 4 Duct Improvement Step 2 Work associated with the design, installation and startup of the 
second stage of ductwork improvement to lenghten combustion 
time and remove ash

Task 5 Burning Grate Improvement 1 Work associated with the design, installation and startup of the 
first stage of grate improvement --- vibrating design

Task 6 Burning Grate Improvement 2 Work associated with the design, installation and startup of the 
second stage of grate improvement --- prototype traveling design

Task 7 Burning Grate Improvement 3 Work associated with the design, installation and startup of the 
third stage of grate improvement --- final traveling design

Task 8 Fuel Feeding Improvement Work associated with the design, installation and startup 
improving the fuel feeding design

Task 9 Project Management Work associated with managing the project and documentation 
and reporting

Task 10 Emissions Testing Air emissions testing 

Task 11 Nutrient Testing Testing of nutrients

Task 12 Liquid Manure Handling Work associated with the design, installation and startup of 
optimized liquid manure handling

Task 13 Bio-Dryer Feeding Work associated with the design, installation and startup of 
optimized Bio-Dryer Feeding

Task 14 Bio-Dryer Operation Work associated with optimizing the operation of the Bio-Dryer

Task 15 Application Engineering Engineering optimization of the Elimanure system to improve 
commercial rollout

Work Plan & Task Description

Elimanure® Process Development

 
 
 
 
 
 



   

 

Dec 06 Status Interim Burning 
Bed Fix

First Phase 
Travel Grate

Final Phase 
Travel Grate 

Solutions

Start Date 7-Jan 17-Mar May-June? 3rd Qtr

DownTime 3 weeks 1 Week 3 weeks

Prototype Operation Task #1 Prototype Op.s Prototype Op.s Prototype Op.s Prototype Op.s Prototype Op.s

Ash Cleaner -- Task #2 Does Not Work Task #2
Chain/trough 

removal system 
installed

Works Works Works 

Duct Work (Task #3 - #4) Does Not Work Task #4
New Design 

New Design/ 
Works (?)

Grate (Task #5 - #7) Does Not Work Task #5
Vibrating Grate
Does Not Work

Task #6
Install traveling 

grate - open mesh 
design

Task #7
'-Open Mesh

   -or-

-Cast Iron/Detroit

New Design/ 
Works (?)

Fuel Feeding -- Task #8 Operable Improved Improved Undefined 
Improvements?

New Design/ 
Works (?)

Project Management Task #9 Project Mgmnt Project Mgmnt Project Mgmnt Project Mgmnt Project Mgmnt

Emissions testing Task #10 Test Stack Gas
~ April/May 07

Test Stack Gas
~ Aug/Sept 07

Nutrient Testing Task #11 Completed Completed Completed Repeat Repeat

Total Cost Per Period $211,389 $157,500 $221,000 $94,000 $485,500 $139,500
   Design, Eng., Labor, Operating, etc. $206,389 $112,500 $186,000 $94,000 $185,500 $139,500 FPPC "grant eligible"
   Materials & Equipment $5,000 $45,000 $35,000 $0 $300,000 $0 FPPC "not eligible"
Timing Dec-Jan Feb Mar-Apr May June-July Aug-Sept

Other Process Optimization

Liquid Manure Handling Task #12

Bio-Dryer Feeding Task #13 Solutions To Be 
Defined

Dryer Operation Task #14 Solutions To Be 
Defined

A
pp

lic
at
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n 

En
gi
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er
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g

Task #15
Application 
Engineering 

(Commercially 
Optimized Design of 

Prototype)

Application 
Engineering
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Skill Associates Elimanure® Combustor Improvement Plan

Task #3
Ductwork 

lengthened & 
widened

Status: Improved 

Improved (1/3rd of 
the way there?)

 Does 
Open 
Mesh 
Grate 
Work? 

Yes

No
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Exhibit V   Elimanure® Technology Status – 3rd Quarter 2007 
 

• Two sustained runs --- focus was on steam production/electricity generation 
 

o 1st run April 9th- May 3rd 
 25 Days 
 Manure consumed:  ~ 310T (230 to 390T) 
 Total electricity produced 3,330 kW-H 
 Peak production 136.4 kW-Hr/Hr for an 11 hour period 

o 2nd run May 9th-May 25th 
 16 Days 
 Manure consumed:  ~ 280T (260 to 300T) 
 Total electricity produced 4,974 kW-H 
 Peak production 38.6 kW-Hr/Hr for an 129 hour period 
 Fuel dry ~77% Solids & dusty during run 
 Stack test taken in this time 

o Key Conclusions: 
 Combustor bed is too small --- confirmed 
 Boiler is too small 
 Will need to add equipment to deal with particulate – confirmed by DNR 
 T/G set works as planned 

o Now working to resolve combustor/boiler 
 

• Now focus is on evaluation Bio-Dryer design --- need to checkout & evaluate original design 
 

o Down resolving known issues vs. design 
 Removing plugging/caking in bottom of dryer 
 Bolts added to augers 
 Manure header cleaning and jury rigged revision of controls (intermittent pumping) 

o Very likely additional changes and future trials to improve operation and separate mixing of input streams 
from the drying process. 
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Elimanure®  
Bio-Energy & Nutrient Management Process

 
 

 
 
 
 
 

Unit Operation Status vs. Design Objectives Needed for  
“Good enough to sell” 

Comments 

__C__ 
T/G Set 

 Appears to work per design 
 

OK now Needs controller tuning  

__B__ 
Burning Grate/Bed 

 Moving grate confirmed as preferred 
method 

OK now --- confidence in Hurst 
design for applications up to 1 MW 

Hurst & Bigelow-Liptak designs compatible 
with need.  Need to complete B-L design for 
cost comparison with “robust” design 

__B__ 
Ash Removal 

 Barn cleaner working OK Need to decide if more robust design is 
needed 

__B__ 
Fuel Feeding 

• Need improved method of laying on 
grate 

• Fuel feeding rate overstated vs. stack 
test results 

Hurst feeding design seems to meet 
requirements for new applications. 

High confidence in design – prefer 
confirmation 

__B__ 
Materials Handling 

 Conveyors work, but are messy 
 

Would like an improved design on 
paper (not a requirement) 

Air conveying possibility for operation with 
greater than 70% solids.  Covered conveyor for 
lower than 70% solids. 

__B__ 
Boiler System 

Thermal Efficiency 

• System operating per design, but not 
making enough steam 

• Original design did not take into 
account higher excess air requirement 
for Bio-Mass vs. gas or oil 

Have design on paper that better 
converts fuel BTU’s to steam – Hurst 

• Need to decide on refractory vs. 
water jacketed surfaces (what’s best 
for slagging/fouling?) 

Example Upgrades to current design: 
• More steam/air heat exchangers (hotter 

air, cooler condensate) 
• Use stack gas and/or condensate to heat 

incoming manure 
__B__ 

Boiler Steam 
Generation 

Maximum Steam Generated  4,500#/hr 
vs. 10,000 #/hr target 

• Need to demonstrate manufacturer 
relationship of BTU’s in vs. steam 
produced to generate confidence in 
future boiler sizing 

• Opportunity to generate a design for 
customers who do not want 
electricity (consume manure --- 
possibly sell as different product) 

Path 1 
 Hurst Boiler chosen as supplier  
 Hurst/Msmth developing recommendation 
for current 

Path 2 
 Bigelow-Liptak available for “large” 
installations (>1MW) (~$20k) 
 Cash needed to execute this path 

Bio-Dryer 
 

(A) 

Liquid 
Manure

Evaporated H2O Combustion Products

Forced Hot Air

Dry Fuel Steam Electricity

Condensate

Combustor 
&  

Bio-Steam 
 

Turbine/Gen
 

(C) 
Ash
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Unit Operation Status vs. Design Objectives Needed for  
“Good enough to sell” 

Comments 

__B__ 
Combustor  

 Low CO (good); VOC (good) 
 Particulate High  
 DNR response to stack test = baghouse 
needed 
 Excess O2 ~10% (normal for Bio-Mass, 
higher than gas/oil) 
 Size approximately 1/2 of what’s 
required 

Have DNR agreed path to final 
permit 
 Have a final combustor design and 
cost estimate  
 Design will need to remove 
particulate before boiler to enable 
sustained runs of six months or more 
 Bag house needed? Yes 

Permitting 
• DNR pleased with testing/reporting 

progress and CRA 
• WDNR to recommend dropping NOV (EPA 

decision) when permit issued 
• CRA has applied for permit (assumes 

adding baghouse) 
Combustor Design 
• Same two parallel paths as above 

__A__ 
Bio-Dryer Moisture 

Control 

• Fuel variability too high for combustor 
• Dryer works with high levels of 

paunch, dry pack and bark 
• Capacity to evap water unknown. 

• Need a defined evap capacity for 
dryer to specify customer water 
input limit 

• Water handling solution may be 
needed in some applications 

• Need a method to control fuel 
moisture 

• Need to define minimum inlet moisture 
requirement 

• Discussions underway with ESTR, ISS and 
FEECO 

__A__ 
Bio-Dryer Air Supply 

 Total air supply >30,000 ACFM vs. 
26,000ACFM design (good) 
 Demonstrated temperature of 180 deg 
F vs. 160 deg F design (good) 

• Floor of dryer plugged --- resolved 
with bolts on augers? 

 
-- same as above-- 

• Currently getting set to do checkouts of 
the original design concept 

• Several discussions underway and starting 
work on developing alternate options 

__A__ 
Bio-Dryer 

Feeding/Mixing 

 Bio-dryer recycle works (is messy) 
 Feed mixer works  

• Liquid feeding in 1x/hr 2,000 gal 
batches may be too large  

Opportunity to develop an automated 
feeding system which integrates liquid 
manure and dry pack 

Current Bio-Dryer design combines: 
• Mixing of wet & dry manure 
• Mechanically dewatering  
• Thermally dewatering 

Final design will likely need to separate 
mixing and drying functions 

Overall Process 
Control 

 Working as designed 
 

• Need integrated automation 
between various unit ops 

• Automated presents opportunity to 
reduce operating labor requirements 

Controls between Boiler/Bio-Dryer and T/G 
need to be integrated. 
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Exhibit VI   Elimanure® Development Chronology – 1st Half 2007 
 
 
 Major Activity  Description 
Jan – Feb 2007 • Shut down for inspection 

 
 
 
• Vibrating Grate Installed 

 
 
 
 
 
• Combustion Chamber Enlargement 
•  
• Ash removal system installed 

• Reciprocating grate found to be in 
substandard condition 

• Grate removed 
 
• Commercial vibrating grates investigated 

and found to be too expensive 
• New vibrating floor designed, fabricated 

and installed 
 
• Combustion Chamber Enlarged 

 
• Ash removal system (barn cleaner) 

installed --- works well 
Mid Feb –  
Mid March 2007 

• Experimental Operation • Several modifications to water chamber 
and vibration units trialed 

• Vibrating grate determined unsuccessful 
for this application 

March 2007 • Installation of chain grate • Chain grate installed on top of water 
cooled vibrating floor 

• Vibration units removed 
April – May 2007 • Experimental Confirmation Runs to 

determine Combustion Capacity & Steam 
Generation Capability 

Key Conclusions: 
• Combustor bed is too small --- confirmed 
• Boiler is too small --- suspected, not 

confirmed 
• Likely will need to add equipment to deal 

with particulate – confirmed by DNR 
• T/G set works as planned 
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Exhibit VII   March 2007 “Down Plan” 
 
 

 

Dave Eiting & Crew
March Inside Box External to Box

Friday 16 Shutdown Late Friday

Saturday 17 Cooldown

Sunday 18 Cooldown / Clean-up

Monday 19 Bio-Dryer Auger Replacement

Cleaning

Remove Angle Iron
Remove Refractory
Open up South End of Box

Temp Support on Bed
Remove Exisitng Legs
Install Permanent Mount

Tuesday 20 Replace Conveyor Drive Control 
Flush Bed Cooling System

Cleaning

Install Water-Cooled Side 
Walls on Bed

Pipe-up bed & test with water & 
supply air (leak test)

Install Idler (N) End
Instal Drive (S) End

Wednesday 21 Put Wiring in Conduit

Cleaning

Install Chain Grate Install Chain Grate

Thursday 22 Startup 8 am

Operational Checkout

Startup 8 am

Operational Checkout

Startup 8 am

Operational Checkout

Friday 23 Operational Checkout

Messesmith Crew Leaves @ 
Noon

Operational Checkout

Messesmith Crew Leaves @ 
Noon

Operational Checkout

Messesmith Crew Leaves @ 
Noon

Prework Get Augers

Make brackets, pre-assemble drive assembly
Bring conveyor drive module

Gailyn & Crew

Fabricate pieces for bed sides
Fabricate "stickout" cover for grate idler
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Exhibit VIII  Stack Test Fuel Control 
 
 
Fuel Auger Control Table

Feed Auger Setting
#/hr T/day

100% 2400 28.8
90% 2160 25.9
80% 1920 23.0
70% 1680 20.2
60% 1440 17.3
50% 1200 14.4
40% 960 11.5
30% 720 8.6
20% 480 5.8

Fuel Feed Rate from Stack Test Measurements (working backwards)
Burn Rate 9.1 mmBtu/Hr
Fuel Value 7,250 Btu/Dry #
Dry Solids % 75 %
Fuel Net of Evap 6,917
Fuel Rate 1,316 Dry #/hr
Fuel Rate 16 TPD From Stack Test

Fuel Feed Rate from Auger Control Setting
Fuel Rate 17 TPD From Feed Auger Setting

Fuel Rate 23 TPD From Mass Balance

Dry fuel was observed to "blow" in --- rough macro mass balance suggests
 higher fuel consumption than the controller would otherwise indicate

Dry Fuel
Combustor Throughput

 
 
Key Conclusions: 
 

1. Auger Feed setting is close to predicting actual fuel flow --- but is about 5-7% higher than 
actual (likely due to inconsistent fuel density in the feed auger system) 

2. Macro “mass balances” on the total system are inherently unreliable (and consistent with 
literature).  The likely cause is the difficulty in accurately measuring the change in total mass 
in the bio-dryer (i.e. more or less accumulation in Bio-Dryer than is indicated by change in 
apparent level). 
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Exhibit IX   Comparison of Elimanure® & Anaerobic Digestion 
 
 

 

H 2 O/ CO 2

5%

5% Gas

(CH4 H2S)

95% Waste

98.5%
Evap Water / CO 2

98.5% 0%

turbine/generator set: 75-90%

typical problem --- corrosion from 
H 2 S (Hydrogen Sulfide) in supply gas

(ability to turn gas BTU to electricity)

100% of Volume

100% of Volume 100% of Volume

100% of Volume
Manure Collection Elimanure®

typical problems - none
Inspection/Maintenance at 3yr. Intervals

Volumetric Reduction Efficiency

(ability to turn steam BTU to electricity)

AD & Elimanure® Comparisons

Volumetric Reduction Efficiency

Anaerobic DigestorManure Collection

typical thermodynamic efficiency 
diesel/generator set: 25-35%

typical thermodynamic efficiency 

95% of Volume Remains

With High Moisture Content & 
Nutrients (P)

1.5% Ash
w/Commercial 
Value (P)

Gen
/SetDiesel 

Engine 

Gen/
Set   

Steam
Loop

 Turb     



   

Confidential Page 25 of 29 4/29/2010 
WB Bio Energy Project Report for the FPPC Inc.  RFP FPPC – 02 – 06 
 

Exhibit X   Summary of Elimanure® on Wiese Brother’s Farm 
 
 
 

 
 

Fun Facts about Elimanure® on the Wiese Brother's Farm

Current 
Assumptions

Number of Animals

Animals #/Animal

Milking Cows 1,300 1,400

Dry Cows 250 1,400

Young Cows 1,300 1,000

Total 2,850 3470 AU

Manure Produced

Dry # Manure/AU/Day (Per Wally Calc.s)
Wet Gal/Day/AU?

Total Gal/Day (Water & Solids) to Process 50,000 Gal/Day

Dry Fuel Solids
Total Dry # Manure/Day 48000 #/day

Total Dry Tons Manure/Day
Total Dry Ton/Hr.
Total Dry #/Hr 2,000 #/Hr

% Solids from Cow to process (per Wally Calc.s) 10%

Water with Manure
Water with Manure #/Day

Gal/Day

Parlor Water Gal/Day

Total #/Hr Water to Process
Total Gal/Day Water to Process 44,844 Gal/day

Water Evaporated
Total Gal/Day Evaporated (drying to 60% solids) 42,545 Gal/Day

Total #/Day Evaporated (drying to 60% solids) 355,250 #/Day

Total Gal/Hr Evaporated (drying to 60% solids) 1,773 Gal/Hr

Energy Value of Fuel
@ 7,000 BTU/Dry # 14.0 Million

BTU/Hr

@ 7,500 BTU/Dry# 15.0 Million
BTU/Hr

Ash Generated 15% of dry solids 7200 #/day
1.50% of incoming liquid manure 3.6 T/Day

Days per Dump Trailer 40,000 5.6 Days/trailer
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Exhibit XI   Combustor Fuel Feeding  
 

 

Step 1 How much dry fuel is the combuster burning?

Fuel Feed Rate % __________ % Feed Auger Setting
Combuster Throughput (TPD) __________ TPD #/hr T/day #/hr T/Day Gal/Day

X 100% 2400 28.8 16,000 192 46,043
Daily Uptime % __________ 90% 2160 25.9 14,400 173 41,439

a) Estimated Average  Daily Throughput __________ TPD 80% 1920 23.0 12,800 154 36,835
70% 1680 20.2 11,200 134 32,230

Step 2 How much water can I dry? 60% 1440 17.3 9,600 115 27,626
50% 1200 14.4 8,000 96 23,022

b) Water evap Capacity (from Step 1) __________ TPD 40% 960 11.5 6,400 77 18,417
  (Need to use Average Daily Throughput) 30% 720 8.6 4,800 58 13,813

20% 480 5.8 3,200 38 9,209

Step 3 How much dry fuel is being added?
Dry Fuel Evap Load Trucks/Day 2 1 3
T/Day T/Day Weight/Truck - tons 16 16 16

Truck Loads of Paunch __________ __________ __________
Truck Loads of Bark __________ __________ __________ % Solids Dry T/Day
Total __________ __________ 25% 8.0 4.0 12.0

Paunch 27.6% 8.8 4.4 13.2
30% 9.6 4.8 14.4

Step 4 How much liquid manure can I add? 40% 12.8 6.4 19.2
50% 16.0 8.0 24.0

Total evap capacity from Step 2 above __________ TPD 60% 19.2 9.6 28.8
Bark 65% 20.8 10.4 31.2

Subtract Evap Load from Step 3 __________ TPD
% Solids Evap T/Day (to get to 60%)

Available Evap Capacity for Wet Manure __________ TPD 25% 19 9 28
Paunch 27.6% 17 9 26

Select Manure Pump Setting (Blue Table) __________ Seconds 30% 16 8 24
40% 11 5 16
50% 5 3 8
60% 0 0 0

Step 5 Am I Short/(Long) on Dry Fuel? Bark 65% -3 -1 -4
(Am I making more than I'm burning?)

Total Dry Fuel Consumption (Step 1) __________ TPD

Less Total  "Bucket Fuel" __________ TPD Evap Load T/Day (assumes drying to 60%)
Less Incoming Liquid Solids* __________ TPD % Solids 12% 10% 8% 6% 4% 2%

192 150 149 148 147 146 145
Tons Short/(Long) of Dry Fuel __________TPD 173 135 134 133 132 131 130

154 120 119 118 117 117 116
134 105 104 103 103 102 101

Conversion from TPD to Gal.s/Cycle (assumes 24 cycles/day) 115 90 89 89 88 87 87
96 75 74 74 73 73 72

Cycles/day = 24 77 60 60 59 59 58 58
#/T = 2000 58 45 45 44 44 44 43

#/gal = 8.34 38 30 30 30 29 29 29
1 TPD= 9.99 gal/cycle
Pump = 800 gal/min Dry Solids (TPD)= ________ (X Time-Sec.s)*(Y Cycles/Day)*(Z Percent Sol

Sec/min = 60  (0.0556  (gal/min)(#/gal)(min/sec)(T/#))

1 TPD = 0.75 sec.s/cycle

Paunch/Bark

Manure Pump "On-Time" In Seconds
Assumes Auger Carriage Cycle is 60 minutes

Total Process Throughput 

Combustor Throughput
Dry Fuel Water Evap Capacity

(Assumes 12% to 60% is possible)
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Exhibit XII   Simplified Combustor Mass/Energy Balance  
 
 

 
 

Total In Hi Lo Stack Out Hi Lo
kW 3,366 2,174   Stack Air Energy (kW) 452 289

Fuel Dry Mass 1,600 #/hr
Solids 60%
Net 3,157 kW

Possible Reduction due to Variability
Net 1,965 kW

Input Energy Reduction -38%

Feedwater Steam Out Hi Lo
Flow 8 GPM kW 1,411 881

4,003 #/hr Thermal Eff. 65% 26%
 Enthalpy 178 BTU/# (Lo-Hi & Hi-Lo)
 Energy 712,570 BTU/hr
Energy 209 kW

Total In 2,174 Total Out 1,863 1,171

Combustor/Boiler Mass-Energy Balance

Boiler

 
Key Conclusions: 
 

1. Consistent with discussions with Bio-Mass experts --- it is difficult to quantify fuel inputs with Bio-Mass systems 
2. The boiler surface area is not sufficient (not large enough) to convert the fuel/air energy to steam (too much is lost in the 

stack) 
3. The difference between “In” & “Out” suggests large amounts of heat are lost into the ambient air (consistent with observations 

that the Boiler House room is very hot and uncomfortable). 
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Exhibit XIII  Approach  
 
CNZ Solutions LLC has been retained by SA to coordinate and lead the technical response to the letter from FPPC, Inc. to Paul 
Schneider. Skill Associates, Inc, dated September 26th, 2006 “Re: RFP FPPC -02-06.  
 

• The previous grant document that was submitted to FPPC on July 26th, 2006, “A Demonstration of Bio-Drying and Bio-Mass 
Burning for Manure Management and Renewable Energy” contains a very comprehensive overview of the project.  That summary 
work is not repeated here, but is appended for easy reference.   

• The system design and build was executed by reputable engineering and construction firms and there have been no reported 
issues outside the manure combustion areas.  Therefore no further system analysis of the system is needed or is planned as part 
of this scope. 

• The focus of a more detailed analysis was completed for the combustor/boiler area, where there have been the most reported 
process operating challenges and where the Skill Associates grant is requested.    

• The data gathering effort, analysis and plan forward was prepared collaboratively using an interdisciplinary team to ensure its 
completeness and objectivity.  

Review Team 
Bob Monley  General Manager, FCCP, Inc.  

 
Bruce Miller  Penn State University; Assc. Director, Energy Institute 
 
Dr. Sharon Miller Penn State University, Research Assc.: Energy Institute 

 
Gailyn Messersmith President Messersmith Mfg & Combustor Designer 

 
Paul Schneider  President Skill Associates 
 
Dan Clarahan  Principal; CNZ Solutions and report author 
 
Fred Guy  Technology Associate; CNZ Solutions 
 
Ron Gropp  Technology Associate; CNZ Solutions 
 
John Eberle  Combustion Systems Consultant 
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Bruce Coffee  Sr. Engineer Hurst Mfg. 
 
Steve Mockenhaupt Conestoga-Rovers Engineering 

 
Extended Team (Original Process Conception & Design) 
Dave Heitpas  PE TC Engineering 
Robert Morrow  Sr. Technical Manager 

Detroit Stoker Company 
Wally LaSonde P.E.  Original process designer 
 
Dr. Tom Richard Penn State University, Prof. Ag & Bio Engineering 

 
 
 
 
 
Exhibit XIV  Stack Test Report Excerpts  
 
     


