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1. Introduction 

Characterizing air emissions of farm manure-to-energy technologies supported both 
environmental performance evaluation objectives and permitting for current and future 
installations. The Farm Manure-to-Energy Initiative team focused on states with 
concentrated poultry production in the Chesapeake Bay region, including Pennsylvania, 
Delaware, Maryland, Virginia, and West Virginia, and worked with state and federal 
agencies, including the USDA and EPA, to develop the emissions testing protocols to 
support permitting requirements. Regardless of where the technology demonstration was 
located, the Farm Manure-to-Energy steering committee challenged the vendors to 
demonstrate that their technology could meet permitting requirements for all five Bay 
states.  

This report includes criteria and comprehensive air emissions data from three 
technologies currently installed in the region with funding from the Farm Manure-to-
Energy Initiative (the Ecoremedy ® gasfier, Blue Flame boiler system, and LEI Bio-Burner 
500). Because of technical issues with the Global ReFuel system and the need for further 
research and development (R&D) prior to additional installations (see Appendix A for more 
information), emissions from this technology were not characterized with funding from the 
Farm Manure-to-Energy Initiative. The vendor has provided third-party certified air 
emissions testing data to support the R&D process, which should include changes to the 
combustion and air emissions controls that would be expected to reduce air emissions. 
Additionally, although the Biomass Heating Solutions Limited (Bhsl) unit planned for an 
installation in Rhodesdale, MD, is not yet constructed and thus not available for emissions 
testing, Bhsl did provide third-party emissions test results for criteria pollutants from the 
Uphouse Farm Ltd. installation located in Norfolk, United Kingdom. Also, preliminary 
emissions data for nitrous oxide and particulate matter emissions was collected from a 
pyrolysis technology installed at North Carolina State University (NCSU) to support 
installation in Maryland.   

For the Ecoremedy gasifier, Blue Flame Boiler system, and Bio-Burner 500, air 
emissions of nitrogen and phosphorus species were also used to determine the fate of 
poultry litter nitrogen and phosphorus. Results from this analysis are included in Appendix 
G.  

1.1 State Permitting Requirements 

All five of these states have different permitting requirements for farm-scale thermal 
manure-to-energy technology systems (see Table 1), but all require data on air emissions 
for state regulatory compliance.  
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Table 1. Summary of Chesapeake Bay state permitting requirements for farm-scale 
thermal manure-to-energy technologies using manure or poultry litter as a fuel  

State State Permitting Requirements 

Delaware Delaware permits all farm-scale systems. To be eligible for operation in Delaware, the 
system must be on a farm, using only farm manure or litter as a fuel. The system cannot 
process over 3,000 lbs/hour, and combustion temperatures must meet or exceed 
1,400°F. Thresholds for particulate matter (PM) are set based on fuel feed rate. For 
more information, see: 
http://regulations.delaware.gov/AdminCode/title7/1000/1100/1107.shtml#TopOfPage 

Maryland Maryland permits all farm-scale systems and sets thresholds for permit eligibility based 
on PM and oxides of nitrogen (NOx) emissions rates. Thresholds for PM and NOx vary by 
the location and fuel feed rate (Btu/hour). Although thresholds are set for PM and NOx, 
the Maryland Department of Environment also requests data on emissions of other 
criteria and hazardous air pollutants. For the biomass permitting regulations, see 
http://www.dsd.state.md.us/comar/comarhtml/26/26.11.09.12.htm.  
For a description of permit areas, see 
http://www.dsd.state.md.us/comar/comarhtml/26/26.11.01.03.htm.  

Pennsylvania Pennsylvania requires a plan approval (analogous to a construction permit in other 
states) and an operation permit. However, smaller farm-scale systems (< 2.5 MBtu/hour 
fuel input) can apply for a plan approval exemption. Thresholds are established for 
criteria pollutants above which a Title V permit may be required. For more information 
see: http://www.elibrary.dep.state.pa.us/dsweb/Get/Document-96215/275-2101-
003.pdf 

Virginia Virginia sets thresholds for criteria pollutants below which farm-scale manure-to-energy 
projects would be exempt from permitting. Projects that fall above the thresholds are 
eligible for permitting under the Minor New Source Review program. Virginia also has 
established a Biomass Pilot Test Facility General Permit that allows for construction and 
minimal operation for the purposes of collecting performance data necessary to 
determine permit requirements. For more information, see: 
http://www.deq.virginia.gov/Programs/Air/PermittingCompliance/Permitting/BiomassP
ermittingRequirements.aspx  

West Virginia West Virginia farm-scale manure-to-energy installations may need two permits to 
operate: one for solid waste management (to meet requirements of Title 33 Series 1 
Solid Waste Management Rule §33-1-5) and one for air emissions (to meet 
requirements of Title 45 Series 13). West Virginia may also issue a research permit for 
pilot projects to support the permitting process. For more information, see: 
http://www.dep.wv.gov/pio/Documents/Rules%202011/DWWM/Solid%20Waste/Wast
e%20Mgt.%2033-1.%20Solid%20Waste%20Management%20Rule.pdf and 
http://www.dep.wv.gov/daq/planning/Documents/45-13.pdf.  

 

 
 

 
 

http://regulations.delaware.gov/AdminCode/title7/1000/1100/1107.shtml#TopOfPage
http://www.dsd.state.md.us/comar/comarhtml/26/26.11.09.12.htm
http://www.dsd.state.md.us/comar/comarhtml/26/26.11.01.03.htm
http://www.elibrary.dep.state.pa.us/dsweb/Get/Document-96215/275-2101-003.pdf
http://www.elibrary.dep.state.pa.us/dsweb/Get/Document-96215/275-2101-003.pdf
http://www.deq.virginia.gov/Programs/Air/PermittingCompliance/Permitting/BiomassPermittingRequirements.aspx
http://www.deq.virginia.gov/Programs/Air/PermittingCompliance/Permitting/BiomassPermittingRequirements.aspx
http://www.dep.wv.gov/pio/Documents/Rules%202011/DWWM/Solid%20Waste/Waste%20Mgt.%2033-1.%20Solid%20Waste%20Management%20Rule.pdf
http://www.dep.wv.gov/pio/Documents/Rules%202011/DWWM/Solid%20Waste/Waste%20Mgt.%2033-1.%20Solid%20Waste%20Management%20Rule.pdf
http://www.dep.wv.gov/daq/planning/Documents/45-13.pdf
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1.2 Federal Regulatory Compliance 

Air emissions data (NOx emissions specifically) and poultry litter fuel characteristics 
were used to support federal Clean Air Act compliance. When the Farm Manure-to-Energy 
Initiative project began in the fall of 2011, federal rules for determining how farm scale 
poultry litter-to-energy technologies would be permitted were still in the draft stage. The 
project team worked closely with EPA Region 3 staff in the Air Toxics and Non-Hazardous 
Secondary Materials program to understand these rules and ensure that the demonstration 
projects would comply with the regulations.  

At this time, the federal rules for farm-scale systems have been finalized. In summary, 
two sections of the Clean Air Act potentially apply to hazardous air pollutant (HAP) 
emissions from on-farm thermal technologies using manure or poultry litter as a fuel 
source. These rules fall under Section 129 of the Clean Air Act, which addresses HAP 
emissions from combustion of solid waste (i.e., incineration), and Section 112 of the Clean 
Air Act, which addresses emissions of air toxics from the combustion of fuel in systems 
used to produce and capture energy. Both Section 112 and Section 129 cover combustion 
technologies, but Section 129 requirements for combustion of solid waste are much stricter 
than Section 112 requirements for the combustion of fuel in systems used to produce 
energy. Projects that fell under the purview of Section 129 would not be appropriate for 
deployment at the farm-scale.  

The key to ensuring the proposed farm-scale thermal system falls under the purview 
of Section 112 (for combustion of fuels) and not Section 129 (for incineration of solid 
waste) is to ensure that the farm’s manure or poultry litter meets EPA’s “fuel legitimacy 
criteria.” Although manure and poultry litter are not considered by EPA to be traditional 
fuels like coal and wood, EPA recognized that they can have legitimate fuel value in some 
circumstances. The EPA Non-Hazardous Secondary Materials (NHSM) rule (Title 40 Part 
241 Subpart B § 241.3) details the process for determining whether a non-hazardous 
secondary material (like manure or poultry litter) meets EPA’s fuel legitimacy criteria. For 
farm-scale thermal systems that will be fueled only by manure or poultry litter produced 
on the farm, the NHSM rule is designed to be self-implementing. In other words, the farmer 
determines, without any EPA or other regulatory agency involvement, whether the manure 
meets EPA’s fuel legitimacy requirements when combusted in the proposed thermal 
technology. (Upon request, EPA will review these determinations and issue a written 
opinion, but that process is not required.)  

Partners in the Farm Manure-to-Energy Initiative developed a checklist to help 
farmers participating in the project self-determine whether their poultry litter met EPA’s 
fuel legitimacy criteria. The checklist was developed with feedback from USDA and EPA staff 
(in particular, with support from U.S. EPA Region 3 staff), but it is not an official EPA or 
USDA guidance document. Farmers who are interested in using this approach for the NHSM 
fuel-legitimacy process should contact their regional EPA office to determine whether this is 
acceptable in their region or to request more information on the self-determination or non-
waste determination process. 

http://federal.eregulations.us/code/rulehome/11/1/2011/title40/vol25/chpI/part241/sec241.3.html
http://federal.eregulations.us/code/rulehome/11/1/2011/title40/vol25/chpI/part241/sec241.3.html
http://www.epa.gov/osw/nonhaz/define/live.htm
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The NHSM rule also notes that farmers who choose to use the self-determination 
approach should keep records documenting the rationale for their decision, including any 
documents used in the decision-making process (such as lab analysis of poultry litter heat 
value and contaminant levels). Written justification for the determination decision and any 
other documents justifying the decision process would also be appropriate.  

Once the determination has been made that the farm’s manure or poultry litter meets 
federal fuel legitimacy requirements, the next step is to determine whether the unit must be 
registered. The farm-scale technologies demonstrated with funding from this project were 
not required to register because they were either: 1) not a boiler (e.g., the Global ReFuel air-
to-air heating system), or 2) defined as a hot water heater with heat delivery capacity below 
1.6 MBtu/hour (see 40 CFR § 63.11237 definition of “hot water heater”). For larger hot 
water boiler systems, federal rule compliance involves registration and biennial tune-ups 
(for more information, see EPA’s website on Boiler Compliance at Area Sources1). EPA 
oversees this program in Delaware, Pennsylvania, Virginia and West Virginia, while the 
Maryland Department of Environment is responsible for implementing this program in 
Maryland.  

1.3 Improving on Air Emissions Controls 

Based on initial performance data and visual observations, it was apparent that some 
vendors would have difficulty meeting all Bay state permitting requirements for particulate 
matter, while at least one vendor (Bhsl) identified an engineering solution. Vendors used a 
variety of approaches to reduce particulate matter emissions including: 

• LEI Products (Bio-Burner 500) addressed this issue by conducting in-house R&D 
to develop a wet scrubber system to complement an existing cyclone to improve 
particulate matter removal. This system has been evaluated over the last 1-2 years 
at their facility in Kentucky using poultry litter as a fuel and was installed at 
Riverhill Farm for demonstration with funding from this project. 

• Blue Flame (Blue Flame Boiler System offered in the United States by Total Energy 
Solutions) conducted in-house R&D to improve the performance of the air 
emissions controls (cyclones) that come with their system.  

• Wayne Combustion used a stepwise approach focusing on reducing cost and 
complexity of the emissions control system. They evaluated options for improved 
stack design, cyclone emission controls, and baghouses. With respect to 
baghouses, they observed clogging of bag pores with system shutdown. As cooler 
air passed through the baghouse, moisture condensed with fine particulate matter 
and clogged the bag pores.  

• Enginuity Energy also proposed baghouses for particulate matter emissions 
control. They observed the same clogging issue with system shutdown. 

                                                        
1 http://www3.epa.gov/boilercompliance/ - areasource 

http://www3.epa.gov/boilercompliance/#areasource
http://www3.epa.gov/boilercompliance/#areasource
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• Biomass Heating Solutions Ltd. uses baghouses successfully for farm-scale poultry 
litter-to-energy emissions controls and has deployed these emission control 
systems on three farms in the United Kingdom (Figure 1). However, considerable 
research and development was invested to adapt baghouses for use with their 
fluidized bed combustion system.  
 

 
Figure 1. Baghouse emissions control system used by Biomass Heating Solutions Ltd. at the 
Uphouse Farm in Norfolk, United Kingdom 

 

To support Enginuity Energy, Total Energy Solutions, and Wayne Combustion Systems 
in their efforts to reduce air emissions for particulate matter, the project team reached out 
to air emissions experts for advice and support. The first expert consulted was Greg Zwicke, 
with the USDA-NRCS Air Quality and Atmospheric Change Team. Mr. Zwicke connected the 
team with Dr. Michael Buser, associate professor at Oklahoma State University. Dr. Buser 
specializes in air emissions controls for agricultural production systems and worked 
directly with Enginuity Energy (Ecoremedy gasifier), Total Energy Solutions (Blue Flame’s 
Stoker Boiler), and Wayne Combustion (Global Re-Fuel) to improve the design of emissions 
control systems.  
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Dr. Buser recommended cyclones as the first approach to reducing particulate matter 
emissions. Cyclones have several advantages, which include the following:  

• Low capital costs 
• No moving parts, therefore low maintenance requirements and operating costs  
• Minimal space requirements2  

Dr. Buser worked with the project team to design a system with two cyclones operated 
in a series to reduce particulate matter emissions (Figure 2). Based on testing results, the 
plan is to refine the design as necessary to meet state permitting requirements. Even if 
advanced emissions controls are needed (baghouses, for example), well-designed cyclones 
will improve performance and reduce maintenance costs of additional emissions control 
systems.  

 

 
Figure 2. Cyclones installed to treat emissions for the Blue Flame stoker boiler at 
Windview Farm  

2. Air Emissions Performance Objectives 
The project team defined appropriate technologies as those that:  

                                                        
2 EPA Air Pollution Control Technology Fact Sheet (EPA-452/F-03-005).  
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1) Meet all Bay state air permitting requirements 
2) Are safe for farm workers and surrounding communities 
3) Reduce nonpoint source nutrient pollution loading to aquatic resources 

relative to land application of excess poultry litter 

3. Project Approach and Methods 

3.1 Developing the Emissions Testing Plan  

The air emissions monitoring component of the project was developed in consultation 
with air emissions experts from USDA, EPA, and Chesapeake Bay state air permitting 
agencies to facilitate use of the data to inform air permitting decisions in all high-density 
animal production areas of the Chesapeake Bay region (Delaware, Maryland, Pennsylvania, 
Virginia, and West Virginia). In addition to permitting agency staff, project partners 
consulted with representatives from the environmental community to solicit their feedback 
on the air emissions monitoring strategy.  

3.2 Tested Systems and Locations 

Based on this emission testing plan, the Farm Manure-to-Energy Initiative funded 
comprehensive emissions testing for three manure-to-energy systems in region: the Blue 
Flame boiler at Windview Farm (Port Trevorton, PA); the Ecoremedy gasifier at Flintrock 
Farm (Lititz, PA); and the LEI Bio-Burner 500 at Riverhill Farm (Port Republic, VA).  

In addition to comprehensive testing at these three farms, a second round of testing 
was conducted at each location focusing only on particulate matter. This second test 
followed improvements made to emissions control systems based on results from the first 
round of tests. 

Project team members also conducted preliminary emissions testing using EPA test 
methods for nitrous oxide and particulate matter for a pyrolysis technology located at 
NCSU. The testing was conducted to determine whether the technology could potentially 
meet Maryland emissions thresholds, with the understanding that additional testing would 
need to be conducted by a certified testing company to verify the project team’s results. 
Because these tests were preliminary, and will need to be confirmed by a third-party, 
certified emissions testing company, methods and results are presented separately, in 
Appendix I.  

3.3 Characterizing System Fuel Feed Rate  

To support reporting of air emissions for state permitting requirements, project 
partners also characterized the fuel feed rate (lb/hr) as well as the fuel energy input feed 
rate, reported in units of MBtu/hr for the LEI Bio-Burner, Ecoremedy gasifier, and Blue 
Flame boiler. Energy value of the poultry litter was measured “as-is” using ASTM-D (Table 
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2). Bhsl provided data on fuel feed rate and analysis results of the poultry litter energy 
value for the Uphouse Farm installation.  

For the Ecoremedy gasifier, Blue Flame boiler, and Bio-Burner 500, the rate of feed rate 
throughout the testing period varied according to the system designs. The Ecoremedy 
gasifier is a fixed feed rate system so the rate stayed the same throughout the duration of 
both emissions tests. The Bio-Burner 500 maintains a relatively constant feed rate over time, 
but the system does modulate the feed rate based on the combustion temperature. The Blue 
Flame boiler feed rate modulates based on house temperature and thus has the highest 
potential for feed rate variability.  

For the first round of emissions testing of the Bio-Burner 500 (at Riverhill Farm) and 
the Ecoremedy gasifier (at Flintrock Farm), the project team used the total volume of the 
litter hopper, density of the litter, and start and stop time of when the hopper was filled 
and emptied to calculate the feed rate. The calculated feed rate using this method matched 
the feed rate predicted by the Ecoremedy gasifier to within 10 lbs per hour. The system 
using the Blue Flame boiler (at Windview Farm) included a BBI fuel hopper with four truck 
scales located under the hopper. Scale readings were taken when the hopper was loaded 
and periodically as the hopper emptied. Using this information, a time-weighted average 
feed rate was calculated for this site.  

For the second round of particulate matter testing, the testing interval was too short 
to allow for complete emptying of the fuel feed hopper. Hence, the system-predicted feed 
rates for the Blue Flame boiler and Ecoremedy gasifier displayed on the control panel 
during the test duration were used. Although the system is designed to adjust the feed rate 
based on house heat demand, Total Energy maintained a steady feed rate through the Blue 
Flame boiler system for the duration of this shorter test. For the Bio-Burner 500, change of 
depth in fuel in the feed hopper bin during the duration of the test along the bulk density of 
the litter was used to calculate the fuel feed rate.  
In addition to feed rate, poultry litter fuel characteristics from Riverhill Farm, Flintrock 
Farm, and Windview Farm were analyzed to support federal Clean Air Act compliance. In 
addition to poultry litter samples from these farms, samples from 8 other farms 
participating in the project and/or that were considering participating in the project were 
also collected. Over the course of the project, a total of 11 samples were collected from 
poultry litter storage sheds according to methods described in Peters et. al (2003). At each 
location, 10 samples were collected from various locations throughout the pile, at least 18 
inches below the surface and thoroughly mixed in a clean, 5-gallon pail. One-pound 
subsamples were collected from the pail and sent to Brookside Laboratories and the 
Clemson Agricultural Services Laboratory for moisture, energy value, trace metals, non-
metal elements (nitrogen, sulfur, chlorine, fluorine) and 16 polycyclic hydrocarbons (PAH) 
analysis. Additionally, some of the samples were analyzed for ash content. The sample 
analysis plan was designed with guidance from EPA staff to support federal Non-Hazardous 
Secondary Material (NHSM) fuel legitimacy determinations. Table 2 summarizes the 
poultry litter components analyzed and analysis methods. Ash content was analyzed using 
samples from Flintrock Farm, Riverhill Farm, and Windview farm only.  
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Table 2. Poultry litter sampling constituents including unit, method, and analytical 
laboratory 

Constituent Unit Method Analytical Laboratory 

Moisture % Clemson: Wolf, Wolf and Hoskins 1997, 
SERA6/NEC-67 
Brookside: ASTM D4006  

Clemson* and  
Brookside**  

Energy Value Btu/lb ASTM D Brookside 
Ash % EPA Method 160.4 Brookside 
Bulk Density grams/cubic 

centimeter 
ASABE S269.4 Clemson 

Organic nitrogen % Adapted from AOAC 990.3 Clemson 
Ammonia nitrogen % Adapted from AOAC 973.49 & EPA 350.2 Clemson 
Nitrate-nitrogen % Peters et. al. (2003) Clemson 
Sulfur % Adapted from EPA 3050 Clemson 
Chloride mg/L EPA 300.0 Brookside 
Fluoride mg/L EPA 300.0 Brookside 
Calcium Carbonate Equivalency % Adapted from AOAC Method 955.01 Clemson 
pH  Adapted from AOAC 973.04 Clemson 
Aluminum ppm Adapted from EPA 3050 Clemson 
Arsenic ppm Adapted from EPA 3050 Clemson 
Antimony mg/L EPA 3050B (Prep) 

EPA 6020B (Analytical) 
Brookside 

Beryllium mg/L EPA 3050B (Prep) 
EPA 6020B (Analytical) 

Brookside 

Boron ppm Adapted from EPA 3050 Clemson 
Cadmium ppm Adapted from EPA 3050 Clemson 
Calcium ppm Adapted from EPA 3050 Clemson 
Chromium ppm Adapted from EPA 3050 Clemson 
Cobalt mg/L EPA 3050B (Prep) 

EPA 6010B (Analytical) 
Brookside 

Copper ppm Adapted from EPA 3050 Clemson 
Iron ppm Adapted from EPA 3050 Clemson 
Lead ppm Adapted from EPA 3050 Clemson 
Magnesium ppm Adapted from EPA 3050 Clemson 
Mercury mg/L EPA 245.1 (Prep) 

EPA 7471A (Analytical) 
Brookside 

Manganese ppm Adapted from EPA 3050 Clemson 
Molybdenum ppm Adapted from EPA 3050 Clemson 
Nickel ppm Adapted from EPA 3050 Clemson 
Phosphorus % Adapted from EPA 3050 Clemson 
Phosphorus, Soluble % Adapted from EPA 3050 Clemson 
Potassium % Adapted from EPA 3050 Clemson 
Selenium ppm Adapted from EPA 3050 Clemson 
Sodium ppm Adapted from EPA 3050 Clemson 
Zinc ppm Adapted from EPA 3050 Clemson 
16-PAH*   Brookside 
acenaphthene ug/L EPA Method 8270 Brookside 
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3.4 Air Emissions Testing Strategy and Methods 

A third-party, certified air emissions testing company was selected through a request-
for-proposal process that considered bids and company qualifications to characterize 
emissions from three farm-scale manure-to-energy systems. Environmental Source 
Samples, Inc., based in Wilmington, NC, was selected for all three projects.  

The pollutants tested and testing methods were developed based on feedback from 
Virginia, Pennsylvania, Maryland, Delaware, West Virginia, and the San Joaquin Valley Air 
Pollution Control District (who were consulted because of their past experience with 
gasification emissions). Federal agency air emissions experts with the USDA Natural 
Resources Conservation Service Air Quality and Atmospheric Change Team and the EPA Air 
Toxics program were also consulted. The project team also sought feedback from Mr. Walter 
Smith, a former EPA air permitting specialist. 

Based on these recommendations and the constraints of the project budget, the EPA 
methods for criteria air pollutants, ammonia (NH3), and hazardous air pollutants listed in 
Table 3 were selected for evaluation.  

 
  

acenaphthylene ug/L EPA Method 8270 Brookside 
anthracene ug/L EPA Method 8270 Brookside 
benzo[a]anthracene ug/L EPA Method 8270 Brookside 
benzo[b]fluoranthene ug/L EPA Method 8270 Brookside 
benzo[k]fluoranthene ug/L EPA Method 8270 Brookside 
benzo[ghi]perylene ug/L EPA Method 8270 Brookside 
benzo[a]pyrene ug/L EPA Method 8270 Brookside 
chrysene ug/L EPA Method 8270 Brookside 
dibenzo(a,h)anthracene ug/L EPA Method 8270 Brookside 
fluoranthene ug/L EPA Method 8270 Brookside 
fluorene ug/L EPA Method 8270 Brookside 
indeno(1,2,3-cd)pyrene ug/L EPA Method 8270 Brookside 
naphthalene ug/L EPA Method 8270 Brookside 
phenanthrene ug/L EPA Method 8270 Brookside 
pyrene ug/L EPA Method 8270 Brookside 

* Clemson Agricultural Services Laboratory 
** Brookside Laboratory 
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Table 3. Air emissions parameters and methods proposed for evaluation 

Parameter Type Method Parameter 
Criteria Pollutants 
  

  

EPA Method 7E NOx  
EPA Method 6C SO2 

EPA method 10 CO 
EPA Method 5* Particulate matter  
EPA Method 202 Filterable particulate matter 
EP Method 25(a) VOC  

Air Toxics 
  
  
  

  

EPA Method 18 Aldehydes (acetaldehyde, acrolein,) 
EPA Method 316 Formaldehyde 
EPA Method 18 Organic compounds (benzene, styrene, xylene, 

and trichloroethylene) 
EPA Method 26a Hydrogen halides (HCl/HFl)  
EPA Method 29 Metals5 (Ref. Method 29) 
EPA Method 23 PAH (incl. napthalene) 
EPA Method 23 Dioxins and furans (total mass and TEQ) 

Other EPA Method 9 Stack height and opacity (Ref. Method 9) 
EPA Method CTM-027 NH3 

EPA Method 1,2, and 
3A, 4 

Exhaust flow rate, sampling points, velocity, 
molecular weight, moisture content, O2, CO2 

 

3.5 Characterizing Particulate Matter 

Scanning electron microscopy (SEM) was used to further characterize the particulate 
matter captures on filter media during the source emission work in executing EPA Method 
5 and EPA Method 202. EPA Methods 5 and 202 each isokinetically collect particulate 
matter on a media filter for subsequent gravimetric analysis. In the case of EPA Method 5, 
the collected particulate matter is identified as filterable particulate matter (FPM) and was 
collected on a glass media filter. For EPA Method 202, the collected particulate matter is 
identified as condensable particulate matter (CPM) and was collected on 
polytetrafluoroethylene (PTFE) filter media. The summation of FMP and CPM is the total 
particulate emission rate. On November 5, 2015, analysis was conducted at Virginia Tech’s 
Institute for Critical Technology and Applied Science’s Nanoscale Characterization and 
Fabrication Laboratory (VT-ICTAS-NCFL) and performed using the FEI Quanta 600 FEG 
Environmental Scanning Electron Microscope (ESEM). The analysis was performed with 
the assistance and expertise of Stephen McCartney, senior research associate at VT-ICTAS-
NCFL, and John Ignosh. The ESEM, coupled with energy-dispersive spectroscopy (EDS), 
assisted in both the initial chemical analysis and preliminary particle size information for 
selected particles viewed in the ESEM. 

http://www.ncfl.ictas.vt.edu/
http://www.ncfl.ictas.vt.edu/
http://www.ncfl.ictas.vt.edu/


Air Emissions and Permit Compliance  E12 
Appendix E of the Farm Manure-to-Energy Final Report  
 
 
3.6 Evaluating Health Impacts 

Based on recommendations from USDA and state regulatory agency air emissions 
experts, the project team planned to use data collected via air emissions monitoring to run 
EPA’s SCREEN3 model. The SCREEN3 model is a single- source Gaussian plume model, 
which provides maximum ground-level concentrations for point sources. These 
concentrations can then be compared to the National Ambient Air Quality Standards 
(NAAQS) for criteria pollutants or the Significant Ambient Air Concentration (SAAC) for air 
toxics. The SAAC is the concentration of a toxic pollutant in the air that may have adverse 
health impacts if it exceeds the threshold. For NAAQS that include 24-hour and annual 
concentration standards, SCREEN3 procedures document (U.S. EPA, 1995) recommended 
adjustment factors were applied to predicted maximum 1-hour concentrations to generate 
maximum 24-hour and annual concentrations. Pollutants for which established NAAQS or 
SAAC thresholds were identified are listed in Table 4.  

Table 4. Pollutants analyzed using SCREEN3 and the sources of thresholds used for 
comparison. National Ambient Air Quality Standards (NAAQS) or Significant Ambient Air 
Concentration (SAAC) for air toxics 

Pollutants Threshold 
Source Pollutants Threshold 

Source 
NO x (lbs/hr) NAAQS HCl (lbs/hr) SAAC 
SO2 (lbs/hr) NAAQS HF (lbs/hr) SAAC 
CO (lbs/hr) NAAQS Antimony (lbs/hr) SAAC 
Total FPM (lbs/hr)* NAAQS Arsenic(lbs/hr) SAAC 
Total CPM (lbs/hr)* NAAQS Beryllium(lbs/hr) SAAC 
Total PM (lbs/hr)* NAAQS Cadmium(lbs/hr) SAAC 

  
Chromium(lbs/hr) SAAC 

  
Lead(lbs/hr) SAAC 

  
Manganese (lbs/hr) SAAC 

  
Mercury (lbs/hr) SAAC 

  
Nickel (lbs/hr) SAAC 

  
Phosphorous (lbs/hr) SAAC 

  
Selenium (lbs/hr) SAAC 

  
Biphenyl SAAC 

  
Napthalene SAAC 

  
Formaldehyde SAAC 

  
Acetaldehyde SAAC 

  
Acrolein SAAC 

  
Benzene SAAC 

  
Styrene SAAC 

  
Trichloroethylene SAAC 

  
Total Xylene SAAC 

*For the purpose of SCREEN3 analysis, filterable, condensable, and total PM was compared to the NAAQS for 
PM10 and PM2.5 
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Also, because EPA methods for measuring fine particulate matter emissions from 
stationary sources (i.e., EPA Method 201A) were not applicable to the demonstration 
projects (due to their smaller stack size), the analysis assumed that all particulate matter is 
fine particulate matter (less than 2.5 um in size). This is a conservative approach but also 
the most likely to identify public health concerns.  

4. Results 

4.1 Fuel Feed Rate and Characterization 

Results from fuel feed rate and energy value calculations are presented in Table 5. 
BHSL data on the poultry litter used to fuel the Bhsl Uphouse installation indicated that the 
fuel had a lower heating value proximate analysis of 11, 595 kJ/Kg (or 4,984 Btu/lb). The 
fuel feed rate for the Bhsl Uphouse system was 10 Metric tons/day, or 917 lb/hour).  

 

Table 5. Fuel feed rate and energy value for poultry litter used for the Ecoremedy gasifier, 
LEI Bio-Burner 500, Blue Flame boiler, and Bhsl system  

Technology Sample Date 
Feed Rate Feed Rate Energy 

Value 
Fuel Input 

Rate 
lb/h tons/yr Btu/lb MBtu/hr 

Blue Flame Boiler 8/17 to 8/18/15  333   1,459   5,667   1.89  
Blue Flame Boiler 10/22/15  244   1,069   5,635   1.37  
Ecoremedy Gasifier 8/13 to 8/15/15  260   1,139   4,920   1.28  
Ecoremedy Gasifier 10/7/15  234   1,025   4,637   1.09  
Bio-Burner 500 9/2 to 9/4/15  73   320   4,030   0.29  
Bio-Burner 500 10/8/15  104.5   458   5,957   0.62  
Bhsl 11/10/15  917   4,016   4,984   4.57  

 

Results from poultry litter analysis of 11 farms in the region (the Riverhill Farm, the 
Flintrock Farm, and Windview Farm, as well as 8 other farms in the region) suggest that 
contaminant values fall well within ranges typical for coal and wood, fuels that in most 
cases could also be used in thermal farm scale manure-to-energy systems (Table 6). Based 
on Brookside Laboratory concerns about organic acid interference with fluoride detection 
with EPA Method 300.0, only results from EPA method SM 4500-C are reported. Ash 
content ranged between 12.5 and 23.7%.  
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Table 6. Contaminant values in poultry litter from 11 farms in the Chesapeake Bay region 
(conventional, organic, and antibiotic free) compared to contaminants found in traditional 
fuels (coal and wood) 

Contaminant Units 
Traditional solid 

fuel range 

Lowest Value in 
11 Poultry Litter 

Samples 

Highest Value 
in 11 Poultry 

Litter Samples 

As-Is 
Energy Value* Btu/lb >5,000 3,255 5,909 
    Dry Basis 

Antimony (Sb) ppm ND - 26 ND ND 

Arsenic (As) ppm ND - 298 ND 7.73 
Beryllium (Be) ppm ND - 206 ND ND 
Cadmium (Cd) ppm ND - 19 ND 0.26 
Chromium (Cr) ppm ND - 340 1.97 9.57 
Cobalt (Co) ppm ND - 213 ND ND 
Lead (Pb) ppm ND - 229 ND 5.82 
Manganese (Mn) ppm ND – 15,800 420 686 
Mercury (Hg) ppm ND - 3.1 ND ND 
Nickel (Ni) ppm ND - 730 8.11 70.74 
Selenium (Se) ppm ND - 74.3 ND ND 
Chlorine (Cl)** ppm ND – 9,080 83 8,769 
Flourine (F)** ppm ND - 300 ND 26 
Nitrogen (N)** ppm 200 - 54,000 42,296 52,473 
Sulfur (S)** ppm ND - 61,300 4,098 15,382 
16-PAH ppm 6 - 253 ND ND 
*For proposed fuels below 5000 Btu/lb, cost-effectiveness of energy production is a critieria for EPA 
fuel legitimacy determination.  
**For contaminant comparison purposes, EPA's final non-hazardous secondary material rule notes 
that EPA did not intend to consider chlorine, flourine, nitrogen and sulfur contaminants if they do not 
result in the formation of air pollutants. For more information, see page 9141-9142 of Commercial and 
Industrial Solid Waste Incineration Units: Reconsideration of Final Amendments; Non-Hazardous 
Secondary Materials that are Solid Waste 
(http://www3.epa.gov/epawaste/nonhaz/define/rulemaking.htm - 122012) 
For more information on federal permitting for farm-scale thermal systems, see: 
http://www.extension.org/pages/70264/start-up-questions-and-considerations-for-manure-to-
energy-projects - .VfLrT2TBzRY 

 
  

http://www3.epa.gov/epawaste/nonhaz/define/rulemaking.htm#122012
http://www.extension.org/pages/70264/start-up-questions-and-considerations-for-manure-to-energy-projects#.VfLrT2TBzRY
http://www.extension.org/pages/70264/start-up-questions-and-considerations-for-manure-to-energy-projects#.VfLrT2TBzRY
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4.2 Characterization of Air Emissions 

Emissions Testing 

Third party, certified emissions test results for criteria and hazardous air pollutants, 
as well as data from the second particulate matter emissions test, is included in Table 7. 
Figure 2 shows the change in total particulate matter emissions between the first and 
second tests. 

 

 
Figure 2. Change in total particulate matter emissions rate between the first and second 
emissions test
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Table 7.  Third-party, certified air emissions test results from poultry litter-to-energy fueled technologies  

(Environmental Source Samplers, Inc.) 

 
* Annual calculations assume continuous operation (24 hours, 365 days per year, or 8,760 hours per year. However, thermal manure-to-energy systems on 
farms are not used continuously. Most farms do not operate them between flocks, and they may not operate them as birds get larger and demand less heat. 
They would not be used at all during high temperature periods when houses are cooled with tunnel ventilation. 
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Environmental Scanning Electron Microscopy (ESEM) Analysis 

Results from the energy-dispersive spectroscopy (EDS) generated during the ESEM 
analysis are presented in Table 8. The analysis was completed for five samples. These 
consisted of three sets of filterable particulate matter collected on glass media filters in 
execution of EPA Method 5 for the Ecoremedy gasifier, Bio-Burner 500, and Blue Flame 
boiler. The analysis was also performed on two sets of condensable particulate matter 
collected on polytetrafluoroethylene (PTFE) media filters in execution of EPA Method 202 
for the Ecoremedy gasifier and Bio-Burner 500. The five filters were products from the 
second campaign of source emission testing, which focused on particulate matter only. 
However, at the time of the ESEM analysis, the condensable particulate matter filter for the 
Blue Flame unit were not yet available, and therefore not included in this analysis. It should 
be noted that, as reported in Table 6, EPA Method 202-derived condensable particulate 
matter represents approximately 3%, 4%, and 7% of total particulate matter for the Blue 
Flame boiler, Ecoremedy gasifier, and Bio-Burner 500 technologies, respectively. 
Additionally, the EDS generated for the CPM filters appeared to primarily characterize the 
chemical species found in the filter substrate itself (i.e., polytetrafluoroethylene), as no 
CPM was identifiable within the selected areas of interest during this initial ESEM analysis. 
As such, Table 8 focuses on the filterable particulate matter.  

ESEM-derived photos of filterable particulate matter are provided in Figures 3-6 for 
the Bio-Burner 500, Ecoremedy gasifier, and Blue Flame boiler. Generally, the filterable 
particulate matter identified in the ESEM was comprised of two types of particulate matter. 
The first consisted of relatively larger and more well defined particulate matter. The 
second consisted of relatively smaller and less defined agglomerations of particulate 
matter. Therefore, two areas of interest were identified on each FPM-filter, one for each 
region. Figure 3 below shows an ESEM-derived photo featuring the two particulate matter 
classes and associated areas of interest for the Blue Flame boiler. Table 7 provides the EDS-
derived chemical analysis, as a mass percentage, for each of the two regions (i.e., larger 
particulate, smaller particulate) for each of the three FPM filters, as well as an average 
composition for each unit. 

 



Air Emissions and Permit Compliance  E18 
Appendix E of the Farm Manure-to-Energy Final Report  
 
 

 
Figure 3. ESEM-derived photo featuring the two particulate matter classes (larger and 
smaller) and associated areas of interest for EDS of FPM from the Blue Flame technology 

 
Table 8. Results from energy-dispersive spectroscopy (EDS) analysis for filterable 
particulate matter from the LEI Bio-Burner 500, Ecoremedy gasifier, and Blue Flame boiler 

Technology 
EDS Chemical Analysis – Mass Percent (%) 

O Na S Cl K 

Blue Flame 
Larger Particulate 26.15 1.66 4.54 24.51 43.14 
Smaller Particulate 38.48 3.86 8.74 11.59 37.33 
Average 32.31 2.76 6.64 18.05 40.24 

LEI Bio-Burner 
500 

Larger Particulate 42.89 4.43 12.66 3.93 36.09 
Smaller Particulate 46.20 2.67 9.81 6.26 35.05 
Average 44.55 3.55 11.24 5.10 35.57 

Ecoremedy 
Gasifier 

Larger Particulate 27.20 0.42 16.38 2.83 53.16 
Smaller Particulate 21.22 1.80 9.05 20.16 47.77 
Average 24.21 1.11 12.72 11.50 50.47 
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Figure 4. SEM (10,000x) photo of filterable particulate matter from the LEI Bio-Burner 
500. Note indicated sizes of selected particulates range from 2.471 um to 1.368 um. 
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Figure 5. SEM photo (10,000x) of filterable particulate matter from the Ecoremedy gasifier. 
Note indicated sizes of selected particulates range from 3.307 um to 1.468 um. 
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Figure 6. SEM photo(10,000x) of filterable particulate matter from the Blue Flame stoker 
boiler. Note indicated sizes of selected particulates range from 2.56 um to 1.147 um. 

 

4.3 Health Impacts 

For air toxics, SCREEN3 maximum 1-hour air concentrations fell below established 
Virginia-based SAACs threshold levels. For criteria pollutants measured in the second 
round of emissions testing (after additional pollution control devices were installed), all 
SCREEN3 maximum 1 hour concentrations fell below established NAAQS (including 1 hour, 
24 hour, and annual concentrations where appropriate) except filterable and total 
particulate matter for the Bio-Burner 500, which exceeded the established 24-hour and 
annual NAAQS threshold for fine particulate matter (Table 9) for both testing dates. Also, 
prior to emissions control improvements, SCREEN3 analysis of the first round of emissions 
testing predicted that filterable and total particulate matter emissions from the Blue Flame 



Air Emissions and Permit Compliance  E22 
Appendix E of the Farm Manure-to-Energy Final Report  
 
 
Boiler would also exceed 24-hour and annual NAAQS for fine particulate matter. Note that 
SCREEN3 is highly conservative with respect to predicting maximum pollutant 
concentrations and analysis with a more refined model (AERMOD for example) is the next 
step to determine if there is actually a problem.  This analysis was outside the scope of this 
project.  

 

Table 9. SCREEN3-predicted maximum concentrations and distance to maximum 
concentration for filterable and total particulate matter (PM) compared with NAAQS 
thresholds for fine particulate matter (<2.5 um). Actual PM2.5 emissions rates were not 
measured because stack diameters for these technologies are too small to measure fine 
particulate matter according to approved EPA methods. A conservative approach is to 
assume all measured PM is fine PM.  

Test Site and 
Technology 

Emissions 
Test Date 

Distance to 
Maximum 
Concentration 

SCREEN3 
Predicted  
24-hour 
Maximum 
Concentration 
of PM 

NAAQS for 
24-hour 
Concentration 
for PM2.5 

SCREEN3 
Predicted 
Annual 
Maximum 
Concentration 
of PM 

NAAQS for 
Annual 
Concentration 
for PM2.5 

 (m) (ug/m3) (ug/m3) (ug/m3) (ug/m3) 

Blue Flame Boiler 

Filterable PM 8/17/15 177 46.6 35 9.3 12 
Total PM 8/17/15 177 47.5 35 9.5 12 
Filterable PM 10/2/15 167 29.6 35 5.9 12 
Total PM 10/2/15 167 30.6 35 6.1 12 
Bio-Burner 500 
Filterable PM 8/13/15 78 86.0 35 17.2 12 
Total PM 8/13/15 78 87.0 35 17.4 12 
Filterable PM 10/8/15 78 66.2 35 13.2 12 
Total PM 10/8/15 78 71.2 35 14.2 12 

Ecoremedy Gasifier 

Filterable PM 8/13/15 193 30.0 35 6.0 12 
Total PM 8/13/15 193 31.8 35 6.4 12 
Filterable PM 10/7/15 163 28.1 35 5.6 12 
Total PM 10/7/15 163 29.4 35 5.9 12 
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5. Discussion 

5.1 Poultry Litter Contaminants 

Results from poultry litter analysis indicates that potential air contaminants in 
poultry litter from 11 farms in the region fall within ranges for traditional fuel (coal and 
wood). Note that for nitrogen, EPA indicated in the NHSM rule that contaminant 
comparison could be based on actual NOx emissions rates, as they did not intend to 
characterize nitrogen that does not form NOx as a contaminant.  

One anomaly observed in the data were the values initially reported for the poultry 
litter fluoride content. Brookside Laboratory initially used EPA Method 300.0, which 
produced unexpectedly high results. Further analysis with via Method 4500-F-C resulted in 
lower numbers (see Table 6). Brookside Laboratory staff suggested that the project team 
disregard the results from the initial analysis using ICP due to potential interference with 
organic acids and only use results from analysis via Standard Method 4500-F-C.  

For more information on federal permitting for farm-scale thermal systems, see 
http://www.extension.org/pages/70264/start-up-questions-and-considerations-for-
manure-to-energy-projects - .VfLrT2TBzRY.  

5.2 Air Emissions and Permitting 

Only the Bhsl technology and potentially the NCSU pyrolysis technology3 meet the air 
emissions performance objective of meeting permit thresholds for all Bay states with 
concentrated poultry production. For installation in Maryland, three of the four 
technologies evaluated by third-party emissions testing companies would require 
additional particulate matter controls, and two would require additional NOx reductions. 
The Bhsl technology would meet Maryland and Delaware’s particulate matter thresholds 
(Figures 7 and 8), while both the Ecoremedy gasifier and Bhsl system met Maryland NOx 
thresholds (Figure 9).  

 

                                                        
3 Because the NCSU pyrolysis technology air emissions data is preliminary and has not 
been verified by a third-party, certified emissions testing company, results are presented 
separately in Appendix I.   

http://www.extension.org/pages/70264/start-up-questions-and-considerations-for-manure-to-energy-projects#.VfLrT2TBzRY
http://www.extension.org/pages/70264/start-up-questions-and-considerations-for-manure-to-energy-projects#.VfLrT2TBzRY
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Figure 7. Maryland particulate matter permitting thresholds (assuming the project is located 
on the Eastern Shore) compared to measured particulate matter emissions 

 

 
Figure 8. Delaware allowable total particulate matter emissions compared to measured 
total particulate matter emissions 
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Figure 9. Maryland NOx emission thresholds (assuming the project is located on the 
Eastern Shore) compared to measured NOx emissions from four manure-to-energy 
technologies. 
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In Pennsylvania, on-farm units less than 2.5 MBtu/hr in size can request a waiver for 
plan approval permits. However, they may be subject to operating permit requirements if 
they exceed established thresholds. Table 10 presents performance of the technologies 
compared to these established thresholds.  

One consideration with respect to permitting farm-scale thermal manure-to-energy 
systems is that feed rate can be challenging to accurately quantify. Maryland and Delaware 
set the air pollutant emissions thresholds based on the fuel feed rate and energy value (e.g., 
pound of pollutant per million Btus (MBtu). Despite careful attention to quantifying both 
the feed rate (as described in the methods section) and ash production rate (methods 
described in Appendix G), initial results suggested discrepancies between nutrients in 
poultry litter used as fuel and nutrients in the poultry litter ash and air emissions. In 
summary, initial estimates for phosphorus concentration in poultry litter, minus 
phosphorus concentration in air emissions, varies from reported phosphorus 
concentration in the ash, taking into account estimated ash production rates. This issue is 
discussed in more detail in Appendix G. Note that feed rates vary for two of the 
technologies based on either house temperature (Blue Flame boiler) or internal 
combustion chamber temperature (Bio-Burner 500). For the one system with a fixed feed 
rate (the Ecoremedy gasifier), quantified feed rate differed from system-predicted feed rate 
by only 8 lbs per hour, or approximately 3 percent variation.  

 

Table 10. Pennsylvania potential-to-emit and actual emissions rate thresholds for 
operational permits. Sources above these limits may be required to secure an operational 
permit. All particulate matter as reported in “total PM” is assumed be PM10 or smaller. 

Pollutant Potential 
to Emit < 

Bio-
Burner 
500 

Blue 
Flame 
Boiler 

Eco-
remedy 
Gasifier  

Actual 
Emissions 
Rate < 

Bio-
Burner 
500 

Blue 
Flame 
Boiler  

Eco-
remedy 
Gasifier  Bhsl 

100% Run-time 40% Run-time 

  tons/year   
CO 100  0.18   4.56   0.92  20  0.07   1.82   0.37    

NOx 100  0.70   5.96   0.57  10  0.28   2.38   0.23   0.62  

SOx 100 0.00  1.40   3.94  8  -   0.56   1.58  1.69E-04 

PM10 100  3.81   8.41   7.80  3  1.26   3.36   3.12  0.01 

VOCs 50 4.38E-03  0.07  4.60E-06 8  0.00   0.03   0.00    

Single HAP 10       1  -   -   -    

Multiple HAPs 25 0.94 2.77 0.28 2.5  0.38   1.11   0.11    
Target for particulate matter in PA: If 3 TPY is the limit for actual run time, assuming 40% operation is the 
actual run-time, 1.71 lb/hour is maximum PM10 emissions rate. Highlighted cells show where 40% run time 
exceeds the actual emissions rate limit.  
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Virginia and West Virginia permitting thresholds are based on uncontrolled emissions 
and assume continuous operation throughout the year. Partners in the Farm Manure-to-
Energy Initiative are working with project vendors to estimate the efficiency of emissions 
control equipment to determine if the technologies require permitting in Virginia. Tables 
11 (Virginia) and 12 (West Virginia) compare permit exemption thresholds (based on 
uncontrolled emissions rates and assuming continuous operation) and measured emissions 
from on-farm thermal systems with control technologies.  

 
Table 11. Virginia minor source permit exemption thresholds (based on uncontrolled emissions 
rates and assuming continuous operation) compared with measured, controlled thermal 
manure-to-energy technologies (also assuming continuous operation)  

Pollutant New 
Source  

Modified 
Source 

Bio-Burner 
500 

Blue Flame 
Boiler 

Ecoremedy 
Gasifier Bhsl 

  Uncontrolled Controlled 

PM 25 15  3.15   8.41   7.8  0.01 

PM-10 15 10  3.15   8.41   7.8  0.01 

PM 2.5 10 6  3.15   8.41   7.8  0.01 
CO 100 100  0.18   4.56   0.92  

 NOx 40 10  0.70   5.96   0.57  0.62 

SO2 40 10 0.00  1.40   3.94  1.69E-04 

VOC 25 10 4.38E-03  0.07  4.60E-06   

 
Table 12. West Virginia criteria pollutant thresholds (based on potential to emit, uncontrolled 
emissions, and continuous operations) compared to measured emissions from manure-to-
energy technologies with emissions controls (also assuming continuous operation) 

  

PTE 
Thresh-
old*  

Bio-
Burner 
500 

Blue 
Flame 
Boiler 

Eco-
remedy 
Gasifier 

Bhsl 
PTE 
Thresh
-old* 

Bio-
Burner 
500  

Blue 
Flame 
Boiler  

Eco-
remedy 
Gasifier  

Bhsl 

  lb/hr tons/yr 

NOx 6 0.16 1.36 0.13 2.87E-04 10 0.70 5.96 0.57 0.62 

SO2 6 0.00 0.32 0.9 1.98E-03 10 0.00 1.40 3.94 1.69E-04 

CO 6 0.04 1.04 0.21  10 0.18 4.56 0.92  
Total PM 6 0.88 4.46 1.77 3.90E-03 10 3.15 8.41 7.8 0.01 

VOC 6 1.00E-03 0.015 1.05E-06  10 4.38E-03 0.067 4.60E-06  
*PTE = potential to emit, based on uncontrolled emissions 
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West Virginia also establishes potential-to-emit thresholds for hazardous air 
pollutants. The Ecoremedy gasifier, LEI Bio-Burner 500, and Blue Flame boiler measured 
hazardous air emissions all fell well below these thresholds.  

5.3 Particulate Matter Characterization 

Results from the SEM analysis indicate a predominance of potassium, chlorine, and 
sulfur in the filterable particulate matter entrained on the filters used in the EPA Method 5 
analysis from all test sites. Larger and smaller particulate matter species have similar 
chemistry except for the Ecoremedy gasifier, where this is more of a difference between the 
two. Also at the Ecoremedy gasifier location, particulate matter from the second cyclone 
was moist compared to the fly ash removed from the first cyclone as well as all of the fly 
ash removed from cyclones for the LEI Bio-Burner 500 and Blue Flame boiler.  

One hypothesis is that potassium bonds with sulfur until sulfur is depleted, forming 
K2SO4. Once sulfur is depleted, potassium bonds with chloride forming KCl. Nielsen et al. 
(2000) discuss the fate of potassium, sulfur, and chlorine in biomass fuels used in high-
temperature combustion systems, including the potential for corrosion problems 
associated with burning biomass fuels in high-temperature systems.  

5.4 Health Impacts 

SCREEN3 analysis indicates that maximum pollutant concentrations for filterable and 
total particulate matter exceed NAAQS 24 and annual concentration standards for fine 
particulate matter at the distance of maximum concentration from the source. While it is 
likely that a portion of the total particulate matter includes particle sizes great than 2.5 um, 
given the lack of EPA-approved methodology for fine particulate matter emissions from 
small stacks, the most conservative approach is to assume all particulate matter is fine 
particulate matter for the purposes of this analysis.  

Improvements to the Blue Flame boiler emissions controls between the first and 
second round of emissions testing reduced emissions of filterable and total particulate 
matter to levels below the NAAQS PM2.5 threshold. However, while improvements to the 
Bio-Burner 500 emissions controls reduced total particulate matter emissions (Figure 1), 
SCREEN3 predicted maximum concentration values for filterable and total PM still exceed 
the NAAQS 24-hour and annual standards for fine PM2.5. 

The lower height (20 feet) and wide diameter (1.15 feet) of the Bio-Burner 500 stack, 
as tested, appears to be contributing to this problem, resulting in low exit temperature and 
velocity. Subsequent SCREEN3 analysis that added 12 feet to the stack height resulted in 
fine and total particulate matter emissions below NAAQS for 24-hour and annual PM2.5. 
Likely, a more optimal stack configuration could achieve similar results in practice, 
especially in combination with any abatement improvements for further removal of fine 
particulate matter.  Alternatively, because SCREEN3 is a highly-conservative screening 
model, more refined air quality dispersion modeling analysis may be needed to determine 
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whether PM2.5 concentrations can, in fact, be expected to meet the NAAQS.  More refined 
air quality dispersion modeling is outside the scope of this project.  

6. Next Steps 
The project team is currently in the process of sharing results from air emission 

testing and particle speciation analysis with emissions control experts and will continue to 
work with LEI Products (Bio-Burner 500), Ecoremedy Energy (Ecoremedy gasifier), and 
Total Energy Solutions and Blue Flame (Blue Flame boiler) to reduce particulate matter 
emissions. In addition to improving emissions controls, the project team recommends the 
following:  

• Evaluation of Bio-Burner 500 emissions with a more refined dispersion model 
(like AERMOD) to determine to determine maximum PM concentrations.  

• Pending the outcome of more refined dispersion models, evaluation of how stack 
configuration impacts maximum concentration for particulate matter from the 
Bio-Burner 500 may be warranted. For example, SCREEN3 predicts that 
increasing the stack height by 12 feet reduces maximum concentrations of 
filterable and total particulate matter to levels below the NAAQS 24-hour and 
annual fine particulate matter thresholds. However, there may be less costly 
options (reducing the stack diameter for example) that would achieve similar 
results.  

• The Bio-Burner 500 and Blue Flame boiler should be “tuned” to reduce NOx 
emissions. This is the first step in reducing NOx and should be implemented 
before consideration of NOx emissions controls. Biennial tuning is required for 
larger boilers, but these results indicate that it should also be used by smaller 
boiler systems to minimize NOx emissions.  

• After tuning, additional NOx controls may be necessary for the Bio-Burner 500 
and Blue Flame boiler for installation in Maryland.  

• Preliminary results from the NCSU emissions testing suggest that this technology 
has the potential to generate low emissions. This technology warrants further 
demonstration and evaluation by  a third-party emissions testing company to 
confirm these results.  

For permitting in all the Bay states, emission control efficiencies for the control 
equipment will be needed, especially for permitting in Virginia and West Virginia. 
Specifically, the Virginia Department of Environmental Quality will need to know the 
efficiency of the control systems on the Bio-Burner 500 to make a permit determination for 
the Riverhill Farm system.  

The project team also recommends additional analysis on pollution emissions as 
impacted by fuel feed rate. Because feed rates in the systems change with either farmer 
adjustments or, for the Blue Flame boiler, with in-house temperatures, subsequent analysis 
on the effect of feed rate and emissions would be helpful. In particular, these analyses 
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should explore the impact of fuel feed rate and emissions as they relate to permitted 
thresholds.  
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