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Abstract 
STUDY OF AMERICAN WOOD PELLET STOVE EMISSIONS 

 
S. A. Gamarra 

Minnesota State University Mankato, Dept. of Manufacturing Engineering Technology 
2011, Mankato, MN 56001; International Renewable Energy Technology Institute 

(IRETI), Mankato, MN 56001 
 

Problem: The EPA (Environmental Protection Agency) had not specified emissions 

performance standards for pellet burning stoves. Instead they were lumped in with 

cordwood burning stoves.  IRETI’s decision to pursue this baseline study was guided by 

Minnesota’s concurrent “2025 Energy Action Plan” and the EPA’s pellet stove testing 

method development. Wood pellet fuel, a renewable resource, and the technology 

developed to utilize it for residential heating should be further studied to examine how 

together they both stand up to newly developed EPA emissions testing methods. This 

will establish a benchmark for testing American technology, thus guiding IRETI’s efforts 

of introducing foreign technology to help MN reach the goals set for MN2025. 

 
Methods: Representatives from IRETI worked with several industry representatives and 

companies in the development of the research program. Commercially available “PFI 

Premium Standard” wood pellets were chosen as the test fuel. The pellet burning stove 

used in the study was provided by one of the companies. EPA Method-5G and 28 were 

followed when deciding which equipment and procedures we would use for our tests as 

well as the available data analysis calculations and reporting methods. 

 
Conclusions: We were able to equip and develop the lab and produce standard 

operating procedures to complete the two-hour test burns which included collection 



and recording of all the data required by the EPA methods. Our process established 

consistent burn rates (2.04, 2.11, 2.15 kg/hr.), but the PM samples (4.83, 3.57, 2.44 

g/hr) did not seem to follow that consistency. The PM emissions, higher than expected, 

measured at a weighted average of 4.64 g/hr, falling just outside of the EPA’s PM 

emissions guidelines of a weighted average of 4.5 g/hr. This opened the door to further 

study the intricacies of wood combustion and the operation of not only the pellet stove, 

but the effects of the fuel quality, equipment and sensor calibration, and the proper 

repeatable operation of the emissions equipment. 
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Chapter 1: Introduction  

Chapter 1.1: Problem Statement  

As a member of newly established IRETI (International Renewable Energy Technology 

Institute) and a graduate student focusing on combustion emissions testing I was asked 

to develop an EPA certifiable emissions testing lab to be housed in Minnesota State 

University, Mankato’s brand-new Center of Renewable Energy (CORE) lab. IRETI would 

be the lab where leading renewable energy technology from all over the world could be 

tested. At the time of testing, Minnesota’s “2025 Energy Action Plan” was being worked 

through legislation, and one of its goals for the state was to utilize 25% renewable 

resources for energy production by year 2025. At IRETI we joined this initiative by 

exploring different methods of offsetting our dependability of non-renewable energy 

sources. At the time, the EPA (Environmental Protection Agency) had not specified 

emissions performance standards for pellet burning stoves. Instead they were lumped in 

with cordwood stoves. There were talks that the EPA had begun developing a testing 

method for wood pellet-fuel burning heating stoves, so at IRETI it was decided this was 

the perfect opportunity to get ahead of the curve in the field of renewable resources.  

IRETI’s decision to pursue this baseline study was guided by the concurrent “2025 

Energy Action Plan” and the EPA’s pellet stove testing method development. Wood 

pellet fuel, a renewable resource, and the technology developed to utilize it for 

residential heating should be further studied to examine how together they both stand 

up to newly developed EPA emissions testing methods. This will establish a benchmark 



P a g e  | 2 
 
 
for American technology, thus guiding IRETI’s efforts of introducing foreign technology 

to help MN reach the goals set for MN2025. 

At the time of testing, there were various American pellet fueled heating stove 

manufacturers offering their products for sale in the US. These manufacturers would 

soon find themselves in need of EPA certification testing. The problem they were to deal 

with: can their product pass the soon-to-be developed EPA tests and performance 

standards? The IRETI team also had questions; can the equipment in the IRETI lab be 

used to perform these tests? Will the current testing technology and equipment meet 

future EPA testing requirements? Without EPA certification of their technology 

American pellet-fuel stove manufacturers could not continue to offer their products to 

the American marketplace. Pellet fuel is a renewable source of heat energy. If the IRETI 

lab could help manufacturers of these technologies extract the most energy out of the 

fuel without increasing pollution, the lab could help MN achieve GOAL 2025 by 

offsetting the use of non-renewable energy to heat residential homes. (MNDOC).   
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Table 1: Showing the MNDOC Renewable Energy Standard.  
 

If the IRETI lab could produce certifiable baseline results for the American Technology, 

IRETI could move forward with comparing the results of stoves manufactured in the 

United States with those of European countries. Manufacturers in Europe have been 

developing pellet technology that abides by tougher emissions regulations. Europeans 

have been utilizing and developing pellet fuel technology for much longer to reduce 

pollution and their dependency on non-renewable energy.  
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Chapter 1.2: Method   

The premium wood pellets selected for this study were certified by the PFI (Pellet Fuel 

Industry) standards program (PFI 1) to meet the standards adopted by the EPA. 

Commercially available wood pellets were chosen as the test fuel. Representatives from 

IRETI worked with several industry representatives and companies in the development 

of the research program. The pellet burning stove used in the study was provided by 

one of the companies. EPA methods 5G and 28 were followed when deciding which 

equipment and procedures we would use for our tests as well as the available data 

analysis calculations and reporting methods.  

  
Chapter 1.3: Results  

The standard test operation procedure and data recording sheets were developed and 

completed while reviewing the testing standards. The physical test components, 

equipment, and test supplies required to support the instrumentation were sourced and 

set up for use. Connections for the sampling/measuring sensors and equipment were 

established. Data acquisition devices were configured to record data at the prescribed 

rates. With the procedures, equipment, data-logging and quality checks in place IRETI 

was able to perform and complete the preliminary wood burning pellet stove testing 

using the American stove following Methods 5G and 28. This was the start of our 

particulate matter emissions database and the groundwork for EPA certification.   
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Chapter 1.4: Conclusions  

The PM (particulate matter EPA Method-5G) samples collected from the burnings with 

the American stove left us surprised. At first, we did not know what to expect. We were 

able to complete two-hour test burns which included collection and recording of all the 

data required by the EPA methods. Our process established consistent burn rates (2.04, 

2.11, 2.15 kg/hr.), but the PM values (4.83, 3.57, 2.44 g/hr.) did not seem to follow that 

consistency. This opened the door to further study the intricacies of wood combustion 

and the operation of not only the pellet stove, but the effects of the fuel quality, 

equipment and sensor calibration, and the proper repeatable operation of the emissions 

equipment. The preliminary testing was only performed on EPA Method 28 burn rate 

“Category 4”.  

A general analysis of the data collected thus far shows the American technology pellet 

stove is not completely burning the fuel resulting in higher than expected PM emissions. 

Measured at a weighted average of 4.64 g/hr it falls just outside of the EPA’s emissions 

guidelines of PM emissions of a weighted average of 4.5 g/hr.  

This baseline PM emissions data 4.64g/hr converted to the Nordic units of 2.36 g/kg. 

When compared to the Nordic guideline of 2g/kg for wood burning stoves, was evidence 

that the European technology was worth looking into.  This was evidence that IRETI was 

moving in the right direction!   
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Chapter 2: Literature Review  

Chapter 2.1: Introduction to Literature Review & Focus  

This thesis project was based on testing wood pellet stove emissions. Applicable 

government standards and peer reviewed articles were reviewed and synthesized to 

develop laboratory procedures used to conduct and gather data on the emissions-based 

performance of wood pellet stoves. Information on the following was gathered:  

• Technical information on the use and standardization of wood pellet fuels  

• The operation of wood pellet fuel burning stoves  

• Current testing methods for wood burning stoves  

• Laboratory equipment used to measure exhaust emissions based on the EPA 

requirement to establish burn-rate and measure particulate matter emissions.  

The focus of this study was to develop the entire emissions testing process to start the 

development of a database of pellet stove emissions at IRETI. A pellet stove 

manufactured in the United States was used to develop the procedures and to measure 

the performance following existing EPA emissions testing methods. Baseline testing was 

first step for IRETI at Minnesota State, Mankato in the development of a laboratory that 

would meet EPA certification requirements. This capability would help MN reach the 

goals set for MN2025 and open the doors to new technology and development.   
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Chapter 2.2: Wood Pellet Fuels and Why 

As far back as human history is recorded, wood has been used as a renewable source of 

heat energy. The most common form of firewood, cordwood, is split into manageable 

pieces, which could be purchased off the side of the road, to be stacked in cords 

awaiting to be burned in an open fire or a furnace. Compressed wood pellet fuels are a 

relatively new form of wood fuel, when compared to cordwood. First tried in the 1930’s 

and then re-introduced in the 1970’s when the first pellet stove was invented in 

Washington State by, Dr. Jerry Whitfield (Pahl). The push for new wood heating 

technology came during the “Oil Embargo” in the 1970’s. People sought out alternative 

fuel sources aside from fossil fuels to solve an economic crisis. (Pahl). As in the 1970’s 

there is a renewed interest in alternative fuels. However, it is due to an environmental 

crisis caused by a dependency on non-renewable energy (MNDOC). With the health of 

our environment at stake, many again look to back wood. This statement made in the 

Wood Pellet Heating Guidebook prepared for the Massachusetts Division of Energy 

Resources:  

 
“Wood fuels are often referred to as “carbon neutral” This refers to the natural carbon 
cycle where CO2 emitted when wood is burned continues to be a part of the overall flux 
of carbon, while burning fossil fuels releases new carbon to the atmosphere that had 
been locked away underground. Trees capture and store (sequester) carbon. Although 
the carbon is released when the wood is burned, if harvested and burned at the rate it 
grows in the forest, no net carbon is released. Thus, burning fossil fuels for space 
heating increases the net amount of carbon in the atmosphere, while burning wood 
does not. (DOER)”  
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The unique characteristics that make wood pellet fuel a better option than split logs are 

that it is dry, dense, clean, standard-sized and of predictable performance (PSFS). Its rise 

in popularity as a viable source of clean, renewable heat energy has “fired up” the 

development of new technology, moved the Federal government to begin including 

pellet stoves in their legislation and incentives, therefore it landed right on IRETI’s plate. 

This was found evident in the popular mechanics article titled, Is Wood the Best 

Renewable Fuel for Heating? (Ward) 

“A $1500 federal tax credit for high-efficiency wood and pellet stoves—part of the 
American Recovery and Reinvestment Act of 2009—expires at the end of 2010. But at 
least two pending bills propose to expand and increase the credit up to $6000 to 
subsidize the purchase of stoves, biomass boilers and furnaces. Congress is pushing the 
passage of its Homestar legislation, a $6 billion incentive program to encourage 
residential energy efficiency, which could spur adoption of wood stoves and other 
biomass heat sources.” (Ward) 

 

The Minnesota Forest Resource Report from 2010 showed that 53% of Minnesota’s 

sustainable timber yield was being used for industry and fuel use (MNFOREST). 

Therefore, there is still room for sustainable growth when considering utilizing this 

renewable “carbon neutral” fuel resource. 

The Minnesota timber industry can be described as a significantly stocked resource. 

However, the market is underutilized. According to Minnesota’s 2025 Action Report, the 

timber industry needs to be stimulated by new technology and an increase in 

investments to make bringing this resource to market a lucrative endeavor to the 

landowners. (Action)  
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The North Eastern United States has used wood as a source of renewable heat energy to 

offset and reduce their dependability on heating oil. Much can be learned from their 

experiences. The shift was mentioned in the 2012 article by National Geographic titled 

High Fuel Costs Spark Increased Use of Wood for Home Heating. 

“More than 20 percent of New England households that use heating oil also use wood 
as a source of heat, said U.S. Energy Information Administration (EIA) analyst Chip 
Berry. That number is about twice the national rate. New England happens to be the 
region of the United States that is most dependent on heating oil, which is now by far 
the most expensive home heating option.” (NATGEO) 
 
 
Chapter 2.3: Classification of Wood Pellet Fuel  

When compared to split wood, wood pellets are consistent in size, more energy dense, 

have strict low moisture content specifications and are graded on % ash content. The 

consistent size, higher energy density and lower moisture content translate into less 

transportation costs.  In addition, the characteristics described above produce 

repeatable and measurable results which allow them to be used reliably in automated 

systems (Ward).  

“Pellet fuel offers many advantages over cordwood: It has a moisture content of less 

than 8 percent, compared to 20 percent or more for seasoned wood and 50 to 60 

percent for unseasoned wood. (Btu’s are wasted in vaporizing moisture.) Dry pellet fuel 

is inert and nontoxic. It has an infinite shelf life, and it doesn't harbor bacteria, fungus, 

bugs or mice. Its energy density rivals that of coal, but it doesn't produce as much ash as 

either coal or wood. A high surface-to-volume ratio makes pellets combust more like 

kindling than logs. The pellets' standard size means they can be fed automatically by the 
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turn of an auger. Once pellets enter the stove's fire pot, airflow is metered to maintain a 

steady burn. The hopper usually must be refilled daily. Efficient combustion produces 

particulate emissions levels of around 1 to 3 grams per hour—comparable to oil or gas.” 

(Ward for Popular Mechanics) 

 
Wood pellets can be compared to gasoline (a consistent and standardized fuel) to power 

a vehicle by carefully regulating the air/fuel mixture to extract the most energy and 

reduce emissions. The standardized characteristics of pellet fuel can be used to help 

design the most efficient process for energy extraction and emissions control. The 

images below showed pellet fuel and the “PFI Quality Mark” listing the grading 

requirements. 

 

Image 1: Showing the PFI Premium Wood Pellets (DOER). 
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Image 2: Showing the PFI “Quality Mark” which lists the grade requirements (PFI).  
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Chapter 2.4: Pyrolysis and Combustion of wood.  

The overall process of pyrolysis of wood begins with the removal of all moisture from 

the solid woody material. In the absence of moisture, the chemical bonds made up of 

Hydrogen, Carbon, and Oxygen break down. This decomposition requires heat to 

continue occurring until the bonds begin to react with oxygen and other gases. The 

highly volatile gases that are formed will reach their flash point and create a visible 

flame, which is also an exothermic reaction. As the reaction produces more heat, it 

breaks down more bonds that will react with oxygen to create more heat. This will 

basically occur until the fuel is all burned up or there isn’t enough oxygen or heat to 

support the reactions. In the image below, there is a temperature gradient showing the 

highest temperature that can rapidly spike to 1500oC which is just about the melting 

point of steel.  

 

Image 3: Pyrolysis, gasification and combustion in a burning matchstick (Tom Reed) 
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Chapter 2.5: Thermocouple Sampler  

For this test, a thermocouple sampler was to be used to measure the 11 temperatures 

as stated by the EPA testing guidelines Method-28 and Method 5G. Thermocouples used 

were the k- type 24 AWG S.S. Shielded, k- type 20 AWG- Fiberglass, and k- type 20 AWG- 

Teflon. The thermocouples were used to measure temperatures of the multiple surfaces 

of the pellet stove as well as the PM sampling train (dilution tunnel and filter holders). 

 

 

Image 4: Diagram of the PM filter sample holder showing the location of the 

thermocouple (EPA5G) 
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The multiple signals needed to be sampled every 10 minutes according to EPA Method 

28- Sections 6.4.2 and 8.12.2 (EPA M-28) Calibration required to be done “before the 

first certification test and semiannually thereafter” (EPA M-28.10.3). Of the 12 

thermocouples utilized for sampling, 8 of them were made on site. After welding the 

ends and connecting them to the DAQ, they were calibrated using a hotplate filled with 

deionized water and taking readings from the NI-Daq program to condition each signal. 

After the calibration, they were all ready to be placed throughout the stove and the one 

could be placed on the ambient temp stand.  All temperature data was measured with 

at National Instruments NI-DAQ interfaced with a computer. Each thermocouple was 

assigned to a specific channel on the unit to keep track of individual data items.  

 

 

Image 5: Showing the NI-DAQ and the thermo couples being calibrated using a hot plate 
and deionized water. 
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Chapter 2.6: PM Sampling Train Application and Operation 

EPA Method-28 and 5G both analyze PM emissions. Method-28 was directed at the 

overall certification and auditing of wood heaters and what to do with the PM data once 

it was recorded. Method-5G clearly defined how to determine PM emissions utilizing a 

dilution tunnel and dual filter dry sampling train. Method-5G was used because we had 

the room in the lab and the ability to set up a dilution tunnel in the lab. 

Method-28 requires the use of a more complicated sample stream necessary to 

determine the percentage of the total exhaust gas flow from the stove. This is necessary 

to calculate the total amount of PM emitted from the stove when only a small sample of 

exhaust is sampled. The system requires an impinger bath set-up to remove the water 

from the test sample. This is necessary because you need to determine the dry exhaust 

flow rate. A byproduct of combustion is water and impingers, or bubblers, are glass 

tubes that are held in a water and ice bath container. The hot exhaust stream travels 

through the impingers and as it does it is cooled. As it cools the water suspended in the 

air condenses and drops out of the exhaust. At the end of the stream there is little water 

left in the sample. A picture of the impinger set-up is below. 
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Image 6: PM sampling train Impinger sample conditioner system. 

 

 

Image__: Single dual-filter dry gas analyzer diagram (EPA5G). 
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EPA Method-5G was chosen as the sampling procedure because the sample is taken 

from a simple dilution tunnel. The dilution tunnel was a device that mixed clean air at a 

known rate with the exhaust emissions gases that exited out of the flue. This method 

allowed the collection of a cooler sample without the need to pull exhaust gases 

through an ice bath impinger. The relatively cool sampling temps resulted in less risk of 

burning the filters.  The method allowed sampling by a simpler dry gas analyzer.   
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Image 8: Showing the suggested construction detail of the Method-5G Dilution Tunnel 

(EPA5G) 
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For Method-28 a burn rate was determined for the stove based on weight of fuel 

burned and time elapsed. Method-5G detailed the PM sampling train that draws from a 

dilution tunnel. In the tunnel we measured various parameters which provided the 

known flow rate vs sampling rate, so we knew how much PM we captured in the filters 

over how long of a period at a set flow rate. (EPA M-5G) The methods also described 

calibration, as well as leak checking the sample train. 

Chapter 2.7: Scale Accuracy and Operation 

The test procedure required the use of two scales. One was used to determine and 

monitor the weight of the stove during operation as explained in EPA Method-28.3.2- 

Weight Monitoring. It was recommended to have a high capacity while being able to 

output a division size of 0.05kg. The reason for such a large scale was to be able to 

measure the entire stove including the pellet fuel in the hopper to monitor the weight 

of fuel consumption to be used for calculation of the burn rate.  

 

Image 9: The 310lb stove was shown her resting upon the scale.  The stove boasted a 

130lb hopper storage for pellet fuel. 
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The other scale was used to determine the weights of the desiccator-dried PM sampling 

filter discs, holders, and probes before assembly and sampling, then post-sampling of all 

the individual components, followed by a 24hr period in the desiccator and a final 

weighing as stated by the EPA Method-5G.3.2 Weight Monitoring. This scale had a 60kg 

capacity while being able to output a division size of .0001g. The accuracy of the weights 

measured in 5G are used to determine the rate of particulate emissions. Ensuring these 

measurements were repeatable and accurate is the focus of Method 5G. 

 

Image 10: Showing the analytical scale with covering to reduce draft and moisture 
affecting weight of PM sample filter.  
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Chapter 2.8: Data Analysis and Reporting 

Something had to be done with all the data being recording; How would it be analyzed 

for reporting? For both Method-28 and 5G, Section 12 Data Analysis and Calculation was 

reserved to include the concise methods for analyzing and calculating the data. The 

procedures also include prescribed methods for reporting the results as a document. 

 

 

 

Image 11: Apex Dry gas analyzer. Only showing one of the two dry gas meters. 
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Chapter 3: Methodology 

Chapter 3.1: Introduction 

Major focus of this study was to prepare the lab to conduct EPA wood burning stove 

emissions testing. The specific testing procedures developed were to be used to 

determine the current state of American pellet fuel, pellet stove technology and how 

the EPA guidelines work for pellet stove testing.  

When designing home heating systems, the fuel to be used must be a consideration in 

the development of the system. The secondary concern is meeting EPA emissions 

standards governing how the device will be tested and how it must perform. Thinking 

globally with the environment in mind, there was also the concern of using the fuel that 

resulted in being the most environmentally friendly.  

The methodology covered the selection of the pellet fuel, the independent lab testing 

proving the manufacturers claims of the fuel, the selection of testing equipment based 

on the EPA guidelines, the development of the testing facility, and the standard 

operation procedures for this specific type of test.
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Chapter 3.2: Test Fuel Selection and Testing 

Test fuel selection was very important when performing emissions testing. There must 

have been reasoning behind every choice that was made, including the selection of test 

fuel. Sampling had to be representative of the fuel that could be used by consumers. As 

a result, the following information from the Pellet Fuels Institute (PFI) Standard 

Specifications for Residential/Commercial Densified Fuel. The document outlined the 

development of the standardized testing procedure for identifying various grades of 

wood pellet fuels (PFI 11). Determination of these properties was mandatory for 

determining fuel quality grade (PFI 11). After reviewing this document, it was 

determined that we wood pellets locally distributed by Menards. The pellets they sold 

had been testing tested using the PFI standards and graded as “PFI Premium” wood 

pellet fuel (Image 12). To verify the fuel met PFI standards, MVTL (Minnesota Valley 

Testing Laboratory) tested samples of the fuel to properly acquire information required 

to calculate data for EPA reporting. The results are below (Image 13). 
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Image 12: Pellet Fuel Grade Requirements. PFI Premium pellets were used in the study. 
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Image 13: Shows the results of the audit MVTL performed on wood fuel to ensure with 
the fuel met the standards and we had the required data for use in the Method-28 

calculations.  
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Chapter 3.3: Pellet Fuel Burning Stove Selection and Testing 

The test consisted of one American pellet stove. The American stove was donated by a 

local manufacturer, Hestia. The Hestia HHP2 was a production unit. It was sent out for 

third-party testing and passed the EPA Method-28 and 5G PM emissions test. We were 

provided the test results but were asked to refrain from reproducing them or including 

them in our study.  

Preparing the wood pellet stove for testing was outlined in EPA Method-28. It specified 

the placement on the scale, the location of the thermocouples, what data we needed to 

gather from the stove, which type of flue pipe needed based on the listed output. The 

flue pipe had to be placed a specific from the opening of the hood entrance of the 

dilution tunnel.  

The EPA Methods require each lab to develop their own procedures to reflect the 

operation of the equipment in each lab. The standard procedure sheets developed for 

the IRETI lab were prepared to seamlessly guide the technician through daily 

maintenance, equipment start-up, setup, calibration, and operation. The sheets allowed 

the technician to clearly identify important characteristics pertaining to the interaction 

of fuel and stove that needed to be recorded. Information gathered from EPA Method-

28 combined with custom tailored standard operating sheets guide the technician 

through each step of the process. Specific steps covered in the procedures include:  

• Turning on and calibrating the sampling equipment  
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• Taking measurements of the lab environmental conditions used in calculation of 

correction factors  

• Preparing the stove for testing  
 

• Starting the test  

• Starting the sampling devices  

• Recording data  

• Ending the test  
 

Chapter 3.4: Emissions Data Collection 

The Study of American Wood Pellet Stove Emissions was based on collecting data on pellet fuel 

emissions of an American designed, manufactured, and certified stove. EPA methods, ASTM 

standards and peer reviewed articles on similar studies had been selected to assist in the 

literature review and overall study. EPA testing required the selection of a test fuel 

representative of what consumers would use, knowing which emissions measurement 

equipment to acquire and implement, adopting the most applicable pellet fuel burning stove 

testing procedures, and following statistical analysis modeling for data organization and 

comparison.  

The project began with the development of a sound testing procedure. This test 

procedure covered all the steps in performing an emissions test. The test structure very 

closely followed the testing procedure recommended by the EPA in their test Method 

28- Certification and Auditing of Wood Heaters. (EPA28). 
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Method-28 Section 8.5 Wood Heater Temperature Monitors outlined the locations of 

where all the thermocouples were installed around the surface of the pellet stove to 

record the various surface temperatures for each test (EPA28). The signals were 

controlled and monitored by our National Instruments SCXI 1303 thermocouple sampler 

and signal conditioner.  

The burn-rate data recording was prescribed by EPA Method-28.3.2- Weight Monitoring 

and was accomplished by mounting the furnace on a digital floor scale that had a 0.05kg 

resolution. Before the start of the test, additional fuel was added to the hopper to 

ensure there was enough fuel for the complete test. Once the hopper was full, the test 

could begin. The scaled was tared and weight was recorded as diminishing from “0” 

every 10 minutes. The image below showed the HHP2 resting on top of the Mettler 

Toledo 500kg capacity platform scale.  
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Image 14: The Hestia HHP2 resting on top of the Mettler-Toledo IND-560 platform scale. 

Particulate matter (PM) in exhaust gas emissions was a very important part of the whole 

picture. Particulate was of great concern because of its direct effects on air quality and 

human respiratory health, therefore emissions testing required collection of PM data 

(EPA Method 5G).  

Automation was not feasible for collecting PM samples. Instead PM sample collection 

had to be performed as described in Method-5G. Sampling from the dilution tunnel was 

pulled in through a probe located inside of the dilution tunnel. This sample was directed 

over two filters to capture fine PM particles. At this point the samples collected were 

comprised of both PM and water. Each filter was placed in a desiccant chamber after 

being removed from the filter holder. After staying in the desiccant chamber for at least 
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24-hours they were weighed to record the quantity of PM captured by the filter. EPA 

method 5G - Determination of Particulate Matter Emissions from Stationary Sources 

(Dilution Tunnel Sampling Location) was carefully followed for selecting the proper 

sampling and measuring equipment along with operating procedures. 
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Chapter 3.4.1: Exhaust Emissions Measurement Method-28 and 5G 

EPA Method-28 and 5G guided the exhaust emissions measurement. They specified 

stove operating parameters that required collection procedures to follow when 

collecting and recording them as described in EPA Method 28- Certification and Auditing 

of Wood Heaters. Particulate matter was the primary focus of EPA emissions testing and 

reporting. EPA testing Method 28 referred to Method-5G for further detail regarding 

Particulate Matter (PM) collection when using a dilution tunnel. PM collection 

guidelines and measurement equipment minimum requirements were defined in 

Method 5G: Particulate Equipment.  

The EPA methods guided the decision making for the arrangement of the lab, 

construction of the dilution tunnel, selecting the appropriate gas sampling equipment, 

fabricating filter holders, quantifying results, and most importantly provided standards 

for calibration and quality control.  

EPA Method-5G Section 16.2 Dual Sampling Trains was used to validate the decision to 

utilize two dual sampling trains. The reasoning behind the choice was the ability to 

weigh PM samples in the same room, option to remove the need to weigh in a petri dish 

and remove the need to utilize reagents for cleaning the probes and storing and 

measuring the reagents. Having chosen the two dual trains added the ability to compare 

the two simultaneous samples. This method did add more data but removed the 

complexity and chemical handling.  
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The PM sampling equipment and lab ambient condition measurement devices varied by 

manufacturers, but all had the accuracy defined by the EPA methods and support also 

existed when the time came for their calibration. Some of the components were made 

in-house, including the in-line desiccant sample drier setup and sample probe assembly 

with the 2” filter disc sample holders (image15). Some of the devices were more 

complex and required purchase as a complete unit, such as our APEX Instruments XC260 

two dual train dry gas analyzer (image 22) and our National Instruments SCXI 1303 

thermocouple sampler and signal conditioner.  

The dilution tunnel was modeled after the EPA specifications with no variations (image 

21), while (image 17) below showed some of the notes taken, overlaying figure 5G-2 

from EPA Method-5G, when considering the fabrication of the dilution tunnel. After 

purchasing the materials, it was erected in the lab. A wooden platform and support 

structure were built to support the tunnel and the sample probes. Finally, the dilution 

tunnel was connected to the exhaust plumbing to evacuate the smoke from the lab 

(image 19).  

The PM sampling was performed using two dual 2” filter sampling trains that had the 

specified stainless-steel probes inserted into the dilution tunnel at 90-degrees of each 

other. They were connected to the silica filled gas driers before connecting to the APEX 

XC260 dry gas analyzer. All plumbing was PTFE tubing with stainless steel fittings (image 

22). The in-line driers prevented moisture from reaching the dry-gas meters.  
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To test for ambient conditions the Dry-bulb and Wet-bulb temperatures were measured 

using a Bacharach sling-psychrometer and the values used to determine Relative 

Humidity. Air velocity flowing around the stove was measured using a Dwyer 

Vaneometer. The velocity during testing had to be less than 0.25m/sec. The flue pipe 

draft measurement was determined using a Dwyer Digital manometer. The proximity of 

the flue pipe was adjusted until the draft was less than 1.25mmH2O. The dry gas meter 

on the sampling train was used to measure the leakage results of the pre-test leakage 

test.  

After the testing conditions were met and recorded the technician could move onto 

preparing the dual train sampling probes. This required utilizing supplies that were 

stored in the desiccator (image 20). The 2” filters, the holders, the probes and the 

sealing O-rings needed to be free of moisture before initial weighing. The Ohaus RD60LS 

scale which had a 60kg capacity while being able to output a division size of .0001g was 

used to weigh the components. This information was recorded on the PM sample 

analysis sheet and the sample trains were assembled and ready for insertion into the 

dilution tunnel.  

After all the measurements and adjustments were completed the test was started. The 

rest of the sampling technology would be gathering data that would be used to calculate 

the performance and emissions of the wood pellet stove.  

During testing, ongoing thermocouple sampling of various surfaces of the stove, flue 

gas, dilution tunnel, and sampling trains was recorded digitally every 10 minutes. The 
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diminishing weight of the stove with the fuel in its hopper was recorded manually every 

10 minutes.  

On the APEX dry gas meter, the important values to record every 10 minutes were:  

• Gas meter volume for sample train A and B  

• Vacuum for sample train A and B  

• Gas Sample Temperatures at the dry gas meter (output by the APEX device)  

• Flow rate from the manometers on the dry gas meter.  
 

After the two-hour test, a post-test leak rate was established to ensure the samples 

were not affect by a sudden leak in the sample train. It was now time to end the 

computer sampling and remove the filter holders to move them to the desiccator for a 

24-hour drying period. After at least 24-hours of drying, the samples were weighed, and 

the information entered in the remaining fields on our PM data analysis sheet. This 

concluded the entire sampling test. 

 

Image 15: Twin dual disc filter holders with Thermocouple temp measurement 
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Image 16: Filter holder probes, O-rings, filters, drying out in desiccant oven. Labeled for 
measurement. 

 

 

Image 17: Shown is the initial sketching and note taking of the dilution tunnel. 
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Image 18: Showing the analytical scale with covering to reduce draft and moisture 
affecting weight of PM sample filter. 

 

 

Image 19: Showing early stages of entire Method-28 and 5G dilution tunnel and test 
setup.
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Image 20: Showing the Method 5G PM sample train desiccator.
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Image 21: Showing the entire Method-28 and 5G dilution tunnel and test setup.
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Image 22: Showing the Method 5G APEX XC-260 dry-gas flow analyzer. 
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Chapter 3.4.2: Data recording sheets 

Considering the various components of the emissions test that were all concurrently 

producing data, standardized data collection sheets had to be prepared. Luckily most of 

the temperature data was being handled by the datalogger. The remaining data had to 

be measured, observed and collected by the technician. To reduce operational error, 

procedure sheets were prepared that prompted the technician to perform the 

measurement observation and offered a methodical location to manually record the 

data.  

The primary sheet (Appendix) used was the “IRETI CAI FTIR Setup and Operation 

Procedure – Dual Test”. It contained step by step instruction on preparing the 

equipment for testing. Throughout the procedure there were blank spaced 

accompanied by their relative unit of measure for the technician to write in the 

observed data such as temperature, humidity, draft, air speed, start/stop times, and 

stove weights for the length of the test every 10 minutes. Ultimately the data gathered 

here was utilized in the calculations sheet.  

The second sheet (Appendix) was the “Particulate Sampling Data Sheet_5G”. It 

contained the table of values that were being displayed by the Apex XC-260 dry gas 

analyzer. This table of data was to be updated every 10-minutes for the duration of the 

entire 2-hour burn test. “IRETI003P-SCFTEST Test Data” located in the 

“IRETI_EPA_M28_Sample_Test_Name” calculations and final report sheet (Appendix).  
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The third sheet (Appendix) was the “PM Analysis Data Sheet – 5G”. It contained the 

table of values that needed to be recorded as the technician weighed the desiccated 

components of the PM dual filter sample train pre-sampling. The procedure sheet would 

remain idle during the burn test. After the sampling and the 24-hour desiccating period, 

the technician weighed the desiccated components of the PM dual filter sample train 

and record them. The data gathered on this sheet was then entered into “IRETI003P-

SCFTEST PARTICULATE” located in the “IRETI_EPA_M28_Sample_Test_Name” 

calculations and final report sheet (Appendix). 
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Chapter 3.5: Testing levels and Quantity Determination 

In the EPA methods there was no randomization required. All tests were performed 

independent of each other. The emissions tests were all performed using the store 

purchased PFI standard premium wood pellets, because they were approved for 

household consumption. Shown below is a table of the tests performed and the 

quantities of each. Keep in mind that Method-28 required one test per burn category. 

Due to the exploratory nature and lack of stove testing experience, the tests were all 

performed at the maximum burn rate category 4. 

Table 1 – Particulate Emissions and Burn Rates 

Run 
# 

EPA Method 
5G, 16 

EPA Method 
28, 12.5 

EPA Method 28, 
8.1.1 EPA Method 5G, 16.2.5 

Ave. Emission 
Rate Burn Rate Burn Rate Emissions per Sample 

Train (g) 

Ei (g/hr.) (Dry-kg/hr.) Category A B 
% 

from 
Ave. 

Run 
1 2.4419 2.15 Category 4 0.0059 0.0056 2.76% 

Run 
2 3.5798 2.11 Category 4 0.0069 0.0072 2.41% 

Run 
3 NA NA NA NA NA NA 

Run 
4 4.8319 2.04 Category 4 0.0107 0.0108 0.59% 

Table 2: The results of our three complete tests. 
 

Burn Category Based on Burn Rate 
 Category 1  Category 2  Category 3  Category 4 

 kg/hr. 0.80 1.250 1.900 Maximum 
lb./hr. < 1.76 1.76 to 2.76 2.76 to 4.19 burn rate 

Table 3: table to be used to determine burn Category. 
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Chapter 3.6: “Other Labs” Test Results 

As part of the study, results produced by “Other labs” were made available for 

comparison purposes. The results helped set up the data collection procedures and 

provided verification that the stove was burning as expected and the application of the 

EPA test methods was correct.  As part of the agreement the results from the other labs 

could not be included in this report. 
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Chapter 3.7: Statistical Analysis and Comparison Utilizing EPA Reporting Method.  

The purpose of is the research was to develop a concise testing procedure to collect 

exhaust emissions data of commercially available wood pellet fuels along with the 

performance of the stove. EPA Method-28 required that the final test result be 

calculated using a weighted average that considered the individual burn rate per test 

and assigned a weighted value. This boiled the multiple tests into one figure while taking 

outliers into account. The data for each burn was to be listed, but the weighted average 

is the test grade assigned to the wood burning stove. The weighted average emissions 

rate is what is used to determine if the tested stove meets the current wood pellet 

standards. 

Table 2 – Weighted Average Emissions Rate 

  EPA Method 28, 
12.1 

EPA Method 28, 
12.1 

EPA Method 28, 
12.1 

Weighted 
Average 
Emissions Rate 

Run # Pi Ki Ki * Ei 
EPA Method 
28, 12.3 

  0       
Run 4 0.919 0.926 4.4743394   
Run 2 0.926 0.013 0.0465374 

Ew = 4.6412 
grams/hour Run 1 0.932 0.074 0.1807006 

Run 4 1     

Table 4: Showing assigned weights and final weighted average. 
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Chapter 4: Results and Experiment Findings 

Chapter 4.1: Processing the test results through calculations using Excel Spreadsheets. 

At the conclusion of the two-hour burn test and the 24-hour desiccation and weighing of 

the PM samples that the data needed to be analyzed. This is where the EPA Method-28 

and 5G derived excel spreadsheet was used. The spreadsheet was comprised of various 

sheets that all functioned to output the final “IRETI Test Report”.  

The following spreadsheets required data input:  
 

- IRETI001F-SCFTEST Fuel: Data regarding the fuel used. 
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- IRETI003P-SCFTEST Test Data: Data collected from the Dry Gas Meter PM sampling. 
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- IRETI004P-SCFTEST Particulate: Data from the PM weight analysis. 
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- Velocity Traverse: Data collected from the dilution tunnel and leak tests. 
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- Heater Temps: Data collected from the thermocouples. 
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The following spreadsheets output data: 

- Calculations: Fields were all self-populated by the inputs and calculations occurred 

which output to the “IRETI Test Report” sheet. 

 

- IRETI Test Report: Showed the final data output by all the calculations from the various 

sheets. It contained the data that was the basis for Chapter 4.2: Individual test results. 

See below for sheet in Chapter 4.2.   
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Chapter 4.2: Individual Test Reports: Burn Rates and PM Emissions from Wood Pellet 

Fuel Burning American Stove  

The results below represented the three burns we achieved. The data was collected, 

then analyzed individually, followed by inputting them all together for weighted average 

analysis. 

Chapter 4.2.1: Test 1 report  
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Chapter 4.2.2: Test 2 report (Failed Test) 

Four tests were performed, but the second test was interrupted near the end by a 

power outage, resulting in lost temperature data and a momentary pause in the 

operation of the dry gas analyzer. This test run was incomplete, therefore, no data 

presented. 

Chapter 4.2.3: Test 3 report  
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Chapter 4.2.4: Test 4 report 
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Chapter 4.3: Method 28 Final Report 

EPA Method 28 included a template for a final report that was to be submitted to the 

stove manufacturer. The final report was produced utilizing this template. It was a 

concise document including all the important information regarding and overview of the 

testing facility, summary and discussion of results, process description, sampling 

locations, sampling and analytical procedures, quality control and assurance procedures, 

information on the stove and how it was handled, and any further discussion on the 

testing. Below is the report shown as images. 
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CHAPTER 5: CONCLUSIONS/ DISCUSSIONS 

Chapter 5.1: American Technology 

The study was successful in completing PM emissions sampling based on the EPA 

Method-28 and 5G standards. The American technology stove was capable of a high 

burn rate. It produced PM (EPA5G) samples, collected from the burnings that left us 

surprised. At first, we did not know what to expect. We were able to complete two-hour 

test burns which included collection and recording all the data required by the EPA 

methods. Our process established consistent burn rates (2.04, 2.11, 2.15 kg/hr.), but the 

PM values (4.83, 3.57, 2.44 g/hr.) did not seem to follow that consistency. This was an 

eye-opener to the intricacies of wood combustion and the operation of not only the 

pellet stove, but the effects of the fuel quality, equipment and sensor calibration, and 

the proper repeatable operation of the emissions equipment. The preliminary testing 

was only performed on EPA Method 28 burn rate “Category 4”.  

 

Image 23: 2” PM sample filters showing contrast from a high rate burn vs an incomplete 

burn. 
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The truth behind the EPA grading was that the wood pellet stoves, lacking a certification 

procedure, were being tested and graded as cord-wood stoves, which in 2009 did not 

have performance standards applied to them (SMOKINGGUN). At this point the 

standards allowed for high PM emissions, when in all actuality, pellet stoves could burn 

very clean and not emit excessive PM. A general analysis of the data collected thus far 

shows the American technology pellet stove is not completely burning the fuel resulting 

in higher than expected PM emissions. Measured at a weighted average of 4.64 g/hr. 

This baseline PM emissions data converted to 2.36 g/kg, when compared to the Nordic 

guideline of 2g/kg for wood burning stoves, was evidence that the European technology 

was worth looking into. This was evidence that by performing this study and developing 

a certified test facility and starting this research database, IRETI was moving in the right 

direction! 

 

Table 5: Pay close attention to the summary regarding pellet stoves from June 2009.  
There was NO NEED to test or even design to meet NSPS (New Source Performance 
Standards). 
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Chapter 5.2: Discussion and Conclusion 
 
The overall results of this study proved that the lab could produce repeatable results. 

The successful development of the testing infrastructure, meeting the documentation 

requirements, implementing quality control and testing practices, and producing 

standard operating procedures, calculating spreadsheets, and report sheets all mark the 

completion of this exploratory testing. Moving forward with more practice using the 

technology, developing more consistency, fine tuning of the procedures and reducing 

human error will result in more repeatable results.  

The American Technology could burn on high and low. It would be beneficial to try and 

complete the full-scale test operating at the 4 different burn categories, so that an 

accurate weighted average could be assigned to the stove.  

Compared to the European technology, it can be decided that the American results are 

less than ideal. The European emissions requirements are stricter. If a stove is CE 

certified, it essentially means it is more advanced than an American stove. This would be 

the point where it is determined to further study the European technology!  

As noted, the start-up sheets include the instructions for operating an FID (Flame 

Ionization Detector) and an FTIR (Fourier Transform Infrared Spectroscopy). The goal 

was to also include emissions analysis data of various combustion emissions gases that 

are measured in European markets for their more stringent certification. This was the 

secondary focus on “Getting ahead of the curve”. Not only could certification tests be 

performed, there was the capability to perform research and development.
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APPENDIX 
 
PROCEDURE SHEETS 
 
Testing Procedure Guidelines and SOP documents: 
 
LAB_STARTUP-SHEET_DUAL_5G3 
Method_5G_CALIB-SHEET 
Method_5G_PROC-SHEET 
Method_28_CALIB-SHEET 
Method_28_PROC-SHEET 
PM Analysis Data Sheet_5G3 
Sampling Data Sheet_5G3 
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. . . . . .. . . . 
 IRETI CAI FTIR Setup and Operation 

Procedure - Dual Test  
 

Explanation:  This procedure is to be used to guide the user through the process of 
setting up and operating the testing equipment. You will be preparing all of the 
equipment in the lab in order to start calibration and testing. This procedure will properly 
set up the equipment for pellet-stove testing against EPA Method 28 and 5G. 

 

Test Name (1of2): ____________________ 

Test Date/Time: ________________ 

Test Description (Span Y/N): 
____________________________________________________ 

_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
________________________ 

 

__ 1. Power up the A/C unit in order to maintain laboratory temperature.  
__ 2. Power up the Scale 
__ 3. Turn on the FID fuel tank. 
__ 4. Turn on the N2 gas tank. 
__ 5. If the FTIR was purged, while idle, with zero air, turn the 3-way valve on the back of the 

FTIR bench to the DOWN position for an initial N2 purge of the system before the first 
real test. 

__ 6. Power up the CAI FTIR bench 
- Power-up time:__________ 

__ 7. Power up the CAI laptop 
__ 8. Power up the heated sample line controller 
__ 9. Allow all 1-hour to stabilize 

__ 10. Measure facility conditions and record them. 
- Temp (DB)______(WB) ______(RH%)______Atmospheric Pres.(inHG)______ 

__ 11. Once the laptop is booted up, Open the NOW software and OPUS (Password: OPUS) 
__ 12. Check FID for burner temp to be upwards of 250degrees Celsius. If it is not, IGNITE it. 
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* The best way to ignite the FID flame is to make sure it is getting zero air and FID 
fuel, hit F8 on the main screen and it should turn right on. 

* If FID fails to ignite, check for to see if there is FID fuel flowing and Zero Air flow (3-
way valve in back in up position. If it’s been sitting for too long, take a 9/16ths wrench 
and crack open the line marked “FUEL” on the back of the FID and let it bleed out some 
of the gas. 

__ 13. Check Diagnostics for FID and O2 sensors; make sure voltages are not around 9volts. 
- FID Sample Pressure Sensor Output (in Volts) _____ 

__ 14. For the FTIR in OPUS, check the status light in the bottom right corner. 
 

-Yellow: Might be humidity out of range, but make sure to look and see what is up. 

-Green: all systems GO 

-Red: See what is wrong, if no easy fix, CALL CAI. 

__ 15. In OPUS, Click Measure on the toolbar, Click Advanced Measurement, Click Check 
Signal, Select Spectrum and note the amplitude of the spectrum. *Should be around 
7900. 

- Amplitude:__________ 

__ 16. If all diagnostics pass and the system has had 1-hour to warm up and stabilize, Zero the 
FID using ZERO AIR; wait for it to stabilize before saving the value. 

*This could be done manually on the bench or using the NOW software. 

__ 17. After saving a Zero value, go ahead and hook up the line labeled “FID Span” to the 
Methane bottle. 

__ 18. SPAN the FID by choosing the span option and entering the certified bottle value and 
wait for the value to stabilize before saving the value. 
- Bottle Value: ________ 

__ 19. !!!Make sure if you are using the NOW software to check the standby box before 
closing the calibration window, if not your zero and span data will not save!!! 

__ 20. Zeroing the O2 sensor will be done just as the FID, except it requires a Nitrogen based 
Zeroing. Turn on the Nitrogen tank and make sure the valve in the front is set on “N2” 
for nitrogen purging. 

__ 21. SPAN will be the same for the O2 detector except the gas will be a known amount of 
oxygen and it will be SPAN’d through the THC SPAN line. Zero, Span, Standby 
- Bottle Value: ________ 

__ 22. Any changes manually made to the FID or O2 sensor while the NOW software is running 
must be saved to the NOW program. 

*All software and hardware should be ready to start operations.* 
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FTIR Spanning (Can be done once a week) 

Date of last SPAN: ____/____/______ 

__ 23. In OPUS, Click Measure on the toolbar, select Control process, select the MNSU process 
file MNSU_191C_Process1.3, and give the test a name. Click Analyze. 
- Given Test Name: ___________________________ 

__ 24. The cell should be cleared with N2 before each new experiment, so purge for (5-10) 
minutes. 

__ 25. In OPUS click “Measure Reference” while still purging with N2, allowing 5 scans to get a 
proper reading. 

*A reference must be taken at the start of each experiment 

- Reference Scan Time: ________ 

__ 26. Time to baseline the analyzer and see if it is capturing the gases properly; switch valve 
in front panel to SPAN. 

__ 27. Turn open the Span gas bottles and connect each one at a time allowing 5-10 minutes 
for the analyzer to stabilize the gas sample. Flow must be @ 10 lpm. 

-  (19.35) SPAN Gas on CO2 (time) ______Analyzer Measured _______% 

-  (471) SPAN Gas on SO2 (time) ______Analyzer Measured _______ppm 

-  (48.8) SPAN Gas on CO (time) ______Analyzer Measured _______ppm 

-  (96.7) SPAN Gas on NO (time) ______Analyzer Measured _______ppm 

-  (95.8) SPAN Gas on Methane CH4 (time) ______Analyzer Measured _______ppm 

- (95.4) SPAN Gas on NOx (time) ______Analyzer Measured _______ppm 

__ 28. As long as all of the values look satisfactory (within 10%), the FTIR is now ready to 
analyze and record data into the same file. 

__ 29. Shut off the SPAN gas bottles and ensure that the cell is being purged with zero air and 
the valve in the front is set to the 12’oclock (OFF) position to begin sampling. 

__ 30. There are no other buttons to click, other than making a note of the flue-gas sampling 
start time (Which should coincide with the PM test start-up time.) 
- Start up time: ___:___ 

 

Stove Start-up and Operation (Hestia) 

__ 31. Clean ashes and empty ash tray into trash or collect as a sample. 
__ 32. Make sure there is fuel in the hopper 
__ 33. Turn on the dilution tunnel fan 
__ 34. Flip the green toggle switch in the rear of the stove 
__ 35. Ensure that the display screen shows “Stove Cold” 
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__ 36. GO AHEAD and hold the “Start/Shutdown” button 
__ 37. Select your burn(comfort) level 

-Burn Level Selected (1-10):______ 

-Stove-on time: ________ 

-Flame-on time: ________ 

__ 38. Ensure stove ignites and starts burning. If not investigate. 
__ 39. Allow temperature to stabilize before data recording 

 

FID and O2 logging setup 

__ 40. For logging the FID and O2 you must be in the NOW software and click on “Testing” on 
the toolbar. Then click on bench control utility. 

__ 41. Within bench control utility, make sure to click on the Measure option; if not the 
program will start recording without giving the analyzers a signal to start. 

__ 42. Before clicking Begin test you can set the rate at which NOW will record to the log file. 
It is best to set it at a sample rate of every minute. 

__ 43. Hit the Begin test button and let the analyzer do its job. 
 

 

Thermocouple Logging Setup 

__ 44. Open The Signal Express LabView project called “IRETI-Hestia” 
__ 45. Turn on the SCXI chassis 
__ 46. Make sure computer is linked to SCXI (a pop up will advise you). 
__ 47. Click “Run” on the toolbar. 
__ 48. Dialogue screen will pop up and display the list of thermocouples to read, check the box 

labeled “thermocouple.” 
__ 49. Give the project a name along with the timestamp. 

- Given Name: _______________________ 

__ 50. Hit record to start recording at 2 samples per minute. 
 

 

PM Sampling Setup 

__ 51. CLEAN ALL GLASSWARE. 
__ 52. Record lab conditions 
__ 53. Draft Determination (must be < 1.5)  

- Value measured: ________ 

__ 54. Ensure that the dilution tunnel hood is capturing all of the smoke output by the stack. 
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__ 55. Velocity Measurements (Pitot Tube Measurements)  
__ 56. Impinger preparation. Mark each one then weigh them with their tops inserted. Fill with 

the following and take a final weight before setting them upright in the impinger container. 
1. Impinger 1: 100 ml of water 

2. Impinger 2: 100 ml of water with special top 

3. Impinger 3: Empty 

4. Impinger 4: 200-300ml of desiccant  

*Record measurements on “PM Analysis Datasheet”* 

__ 57.  To prepare the particulate filter: Make sure and weigh the paper filters and visually inspect 
for holes or other issues. Use tweezers to carefully place the front and back filters into the 
filter holder.  

(DO NOT LEAVE OUT for more than two minutes without capping them) 

__ 58.  Pack crushed ice around the bottles within the impinger container. 
__ 59. Slip the water cooling manifold over the sample probe and tighten the ends to seal from 

water leaks  
__ 60. Hook up to the PM sampling controller box, but do not insert the sample probe just yet. 

 

Leak-Check 

__ 61.  Turn on pump- cover sample probe- Check for vacuum. 
__ 62. Once O.K. - Pull cap off first, then shut pump off!!! 

IF failure to do this occurs, water will back feed into the filter and entire process must be 
started over. 

- Initial Leak Check Results:______________ 

 

Starting a Test 

*Means having all systems on-line and being ready to test. 

__ 63. FTIR- OPUS 
__ 64. FID- NOW 
__ 65. Thermocouple Recording 
__ 66. PM Sampling Train 
__ 67. Data-Recording Sheets 
__ 68. Timers 
__ 69. Stove Temp Stabilized (around 45 minutes) * Can check on the data logger. (Level-5 

“Back” @ 502C, Level-10 “Back” @ 525C+) 
__ 70. Tare Scale Time:____:____ 
__ 71. Test Start Time: ____:____ (Required Time: 2hrs) 
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__ 72. Insert probe into stack up to the 3” line. 
__ 73. Once stove is up to temp, start filling out the data sheet called “Particulate Sampling Data 

Sheet”  and turn the pump and timer on. 
__ 74. Continuously record data every 10 minutes. This requires adjustment of the flow rate to 

maintain a flow rate of 15 l/min. 
__ 75. Record Scale weights every 10 minutes as well. 

 

Time (10min)  Weight (kg) 

Start___:___     TARE_ 

1       ___:___     _______ 

2       ___:___     _______ 

3       ___:___     _______ 

4       ___:___     _______ 

5       ___:___     _______ 

6       ___:___     _______ 

7       ___:___     _______ 

8       ___:___     _______ 

9       ___:___     _______ 

10     ___:___     _______ 

11     ___:___     _______ 

END___:___     _______ 

 

 

 

 

Sample Recovery 

__ 76. Shut off Pump and Timer 
__ 77. Remove probe and perform final leak check. 

- Final Leak Check Results: ______________ 

__ 78. Disassemble filter holder and quickly start weighing the filters 
__ 79. Desiccate the filters, allowing the moisture to be removed from the PM sample. 
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__ 80. Measure the weight of the impingers to determine how much water was pulled out of the 
sample stream. Record Data on “Analysis Data Sheet”. 

__ 81. Calculate on Data on “Analysis Data Sheet”. 
__ 82. End logging in NOW 
__ 83. End logging in OPUS 
__ 84. End logging in Signal Express 

 

 

Test 2 

 

Test Name (2of2): ____________________ 

Test Date/Time: ________________ 

Test Description 
(SpanY/N):_______________________________________________________ 

_______________________________________________________________________
_______________________________________________________________________
________________ 

 

__ 85. Measure facility conditions and record them. 
- Temp (DB)______(WB) ______(RH%)______Atmospheric Pres.(inHG)______ 

__ 86. All systems should be ready to pick up where Test (1of2) left off. 
 

FTIR Prep. 

__ 87. In OPUS, Click Measure on the toolbar, select Control process, select the MNSU process 
file MNSU_191C_Process1.3, and give the test a name. Click Analyze. 
- Given Test Name: ___________________________ 

__ 88. The cell should be cleared with N2 before each new experiment, so purge for (5-10) 
minutes. 

__ 89. In OPUS click “Measure Reference” while still purging with N2, allowing 5 scans to get a 
proper reading. 

*A reference must be taken at the start of each experiment 
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- Reference Scan Time: ________ 

__ 90. There are no other buttons to click, other than making a note of the flue-gas sampling 
start time (Which should coincide with the PM test start-up time.) 
- Start up time: ___:___ 

 

Stove Operation (Hestia) 

__ 91. Make sure there is fuel in the hopper 
__ 92. If switching burn temp, allow temp to stabilize 
__ 93. Select your burn (comfort) level 

-Burn Level Selected (1-10): ______ 

-Stove-on time: ________ 

-Flame-on time: ________ 

 

FID and O2 logging setup 

__ 94. For logging the FID and O2 you must be in the NOW software and click on “Testing” on 
the toolbar. Then click on bench control utility. 

__ 95. Within bench control utility, make sure to click on the Measure option; if not the 
program will start recording without giving the analyzers a signal to start. 

__ 96. Before clicking Begin test you can set the rate at which NOW will record to the log file. 
It is best to set it at a sample rate of every minute. 

__ 97. Hit the Begin test button and let the analyzer do its job. 
 

 

Thermocouple Logging Setup 

__ 98. Click “Run” on the toolbar. 
__ 99. Dialogue screen will pop up and display the list of thermocouples to read, check the box 

labeled “thermocouple.” 
__ 100. Give the project a name along with the timestamp. 

- Given Name: _______________________ 

__ 101. Hit record to start recording at 2 samples per minute. 
 

 

PM Sampling Setup 

__ 102. CLEAN ALL GLASSWARE. 
__ 103. Record lab conditions 



P a g e  | 81 
 
 

__ 104. Ensure that the dilution tunnel hood is capturing all of the smoke output by the stack. 
__ 105. Velocity Measurements (Pitot Tube  Measurements)  
__ 106. Impinger preparation. Mark each one then weigh them with their tops inserted. Fill with 

the following and take a final weight before setting them upright in the impinger container. 
1. Impinger 1: 100 ml of water 

2. Impinger 2: 100 ml of water with special top 

3. Impinger 3: Empty 

4. Impinger 4: 200-300ml of desiccant  

*Record measurements on “PM Analysis Datasheet”* 

__ 107.  To prepare the particulate filter: Make sure and weigh the paper filters and visually inspect 
for holes or other issues. Use tweezers to carefully place the front and back filters into the 
filter holder.  

(DO NOT LEAVE OUT for more than two minutes without capping them) 

__ 108.  Pack crushed ice around the bottles within the impinger container. 
__ 109. Slip the water cooling manifold over the sample probe and tighten the ends to seal from 

water leaks  
__ 110. Hook up to the PM sampling controller box, but do not insert the sample probe just yet. 

 

Leak-Check 

__ 111.  Turn on pump- cover sample probe- Check for vacuum. 
__ 112. Once O.K. - Pull cap off first, then shut pump off!!! 

IF failure to do this occurs, water will back feed into the filter and entire process must be 
started over. 

- Initial Leak Check Results: ______________ 

 

Starting a Test 

*Means having all systems on-line and being ready to test. 

__ 113. FTIR- OPUS 
__ 114. FID- NOW 
__ 115. Thermocouple Recording 
__ 116. PM Sampling Train 
__ 117. Data-Recording Sheets 
__ 118. Timers 
__ 119. Stove Temp Stabilized (around 45 minutes) * Can check on the data logger. (Level-5 

“Back” @ 502C, Level-10 “Back” @ 525C+) 
__ 120. Tare Scale Time:____:____ 
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__ 121. Test Start Time: ____:____ (Required Time: 2hrs) 
__ 122. Insert probe into stack up to the 3” line. 
__ 123. Once stove is up to temp, start filling out the data sheet called “Particulate Sampling Data 

Sheet”  and turn the pump and timer on. 
__ 124. Continuously record data every 10 minutes. This requires adjustment of the flow rate to 

maintain a flow rate of 15 l/min. 
__ 125. Record Scale weights every 10 minutes as well. 

 

Time (10min)  Weight (kg) 

Start___:___     TARE_ 

1       ___:___     _______ 

2       ___:___     _______ 

3       ___:___     _______ 

4       ___:___     _______ 

5       ___:___     _______ 

6       ___:___     _______ 

7       ___:___     _______ 

8       ___:___     _______ 

9       ___:___     _______ 

10     ___:___     _______ 

11     ___:___     _______ 

END___:___     _______ 

Sample Recovery 

__ 126. Shut off Pump and Timer 
__ 127. Remove probe and perform final leak check. 

- Final Leak Check Results: ______________ 

__ 128. Disassemble filter holder and quickly start weighing the filters 
__ 129. Desiccate the filters, allowing the moisture to be removed from the PM sample. 
__ 130. Measure the weight of the impingers to determine how much water was pulled out of the 

sample stream. Record Data on “Analysis Data Sheet.” 
__ 131. Calculate on Data on “Analysis Data Sheet.” 
__ 132. End logging in NOW 
__ 133. End logging in OPUS 
__ 134. End logging in Signal Express 
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TEST & EQUIPMENT SHUT DOWN PROCEDURE 

__ 135. Time:_____________ 
__ 136. Final Weight:__________ 
__ 137. Off and Cool time:_________ 
__ 138. File relocation 

-OPUS (New folder>Rename>Copy & Paste spectra file and gaslogs into new folder. 

-NOW-FID and O2 data-(Drag into above created folder) 

-Thermocouple log- save log 

__ 139. FTIR shut down 
__ 140. Make sure valve on front is returned to N2 purge 
__ 141. Open the N2 tank and purge for 5 minutes 
__ 142. Close N2 tank. 
__ 143. Valve on back is returned to the up position to purge machine with Zero Air. 
__ 144. Check gauge on the front of machine to make sure @ least .5 lpm is flowing. 
__ 145. Shut off CAI computer. 
__ 146. Flip CB1 behind front cover of FTIR to the down “OFF” position.  

__ 147. Shut off heated sample line controller box. 
__ 148. Wait for “Stove Cold” on stove display (circulation fans will kick “OFF”) 

__ 149. Flip off Green switch on back of stove once “Stove Cold” displays. 
__ 150. Shut OFF dilution tunnel blower once stove is shut off. 
__ 151. Disassemble impingers and dry all beakers. 
__ 152. Disconnect Dwyer draft gauge overnight. 
 
 
 
 
 
 
END LAB_STARTUP-SHEET_DUAL_5G3 
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 . . . . . .. . . . 
 

 
 

IRETI Pellet Burning Heater Emissions 
Testing Equipment Calibration Procedure  
 

Explanation:  This procedure is to be used to guide the user through the process of 
calibrating the testing equipment. You will be measuring the values output by the 
equipment against a known standard and previous calibration. This procedure will 
properly set up the equipment  in accordance to EPA Method 5G. 

 

NOTE: Maintain a laboratory record of all calibrations. 

 

__ 153. -Pitot Tube.  
*The Type S pitot tube assembly shall be calibrated according to the procedure 
outlined in Method 2, Section 10.1, prior to the first certification test and checked 
semiannually, thereafter. A standard pitot need not be calibrated but shall be 
inspected and cleaned, if necessary, prior to each certification test.  

 

__ 154. -Volume Metering System. 
*Initial and Periodic Calibration. Before its initial use and at least semiannually 
thereafter, calibrate the volume metering system as described in Method 5, Section 
10.3.1, except that the wet test meter with a capacity of 3.0 liters/rev (0.1 ft3/rev) 
may be used. Other liquid displacement systems accurate to within ±1 percent, may 
be used as calibration standards. 

 

NOTE: Procedures and equipment specified in Method 5, Section 16.0, for 
alternative calibration standards, including calibrated dry gas meters and critical 
orifices, are allowed for calibrating the dry gas meter in the sampling train. A dry gas 
meter used as a calibration standard shall be recalibrated at least once annually.  

 

__ 155. -Calibration After Use.  
*After each certification or audit test (four or more test runs conducted on a wood 
heater at the four burn rates specified in Method 28), check calibration of the 
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metering system by performing three calibration runs at a single, intermediate flow 
rate as described in Method 5, Section 10.3.2. 

 

NOTE: Procedures and equipment specified in Method 5, Section 16.0, for 
alternative calibration standards are allowed for the post-test dry gas meter 
calibration check.  

 

__ 156. -Acceptable Variation in Calibration. 
*If the dry gas meter coefficient values obtained before and after a certification test 
differ by more than 5 percent, the certification test shall either be voided and 
repeated, or calculations for the certification test shall be performed using 
whichever meter coefficient value (i.e., before or after) gives the lower value of total 
sample volume. 

 -Last Calibration Date_______________ 

 

__ 157. -Temperature Sensors.  
*Use the procedure in Method 2, Section 10.3, to calibrate temperature sensors 
before the first certification or audit test and at least semiannually, thereafter. 

-Last Calibration Date_______________ 

 

__ 158. -Barometer. 
*Calibrate against a mercury barometer before the first certification test and at least 
semiannually, thereafter. If a mercury barometer is used, no calibration is necessary. 
Follow the manufacturer's instructions for operation. 

-Last Calibration Date_______________ 

__ 159. -Analytical Balance. 
*Perform a multipoint calibration (at least five points spanning the operational 
range) of the analytical balance before the first certification test and semiannually, 
thereafter. Before each certification test, audit the balance by weighing at least one 
calibration weight (class F) that corresponds to 50 to 150 percent of the weight of 
one filter. If the scale cannot reproduce the value of the calibration weight to within 
0.1 mg, conduct the multipoint calibration before use. 

-Last Calibration Date_______________  

END METHOD 5G CALIBRATION SHEET 
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. . . . . .. . . . 
 

IRETI Pellet Burning Heater Emissions Testing 
Procedure  
 

Explanation:  This procedure is to be used to guide the user through the process of 
emissions testing. You will be measuring the gaseous and particulate emissions. This 
procedure will set up the test and verify the emission measurement system’s 
performance in accordance to EPA Method 5G. 

 

8.0 Sample Collection, Preservation, Transport, and Storage. 

 

__ 160. -Clean the dilution tunnel with an appropriately sized wire chimney brush before 
each certification test. 
 

__ 161. -Draft Determination: Locate the dilution tunnel hood centrally over the wood 
heater stack exhaust. Operate the dilution tunnel blower at the flow rate to be used 
during the test run. Measure the draft imposed on the wood heater by the dilution 
tunnel (i.e., the difference in draft measured with and without the dilution tunnel 
operating.) Adjust the distance between the top of the wood heater stack exhaust 
and the dilution tunnel hood so that the dilution tunnel induced draft is less than 
1.25 Pa (0.005 in. H2O). Have no fire in the wood heater, close the wood heater 
doors, and open fully the air supply controls during this check and adjustment. 
 

__ 162. -Pretest Ignition : Warm up stove for an hour or until LabView Signal Express shows 
that the temperature has stabilized.  
 

__ 163. -Smoke Capture.  
*During the pretest ignition period, operate the dilution tunnel and visually monitor 
the wood heater stack exhaust. Operate the wood heater with the doors closed and 
determine that 100 percent of the exhaust gas is collected by the dilution tunnel 
hood. If less than 100 percent of the wood heater exhaust gas is collected, adjust the 
distance between the wood heater stack and the dilution tunnel hood until no 
visible exhaust gas is escaping. Stop the pretest ignition period, and repeat the draft 
determination procedure. 
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__ 164. -Velocity Measurements: During the pretest ignition period, conduct a velocity 
traverse to identify the point of average velocity. This single point shall be used for 
measuring velocity during the test run. 
 

__ 165. Velocity Traverse. 
 

-Measure the diameter of the duct at the velocity traverse port location 
through both ports.  Diameter 1:_____________ Diameter 
2:_______________ 

 

-Calculate the duct area using the average of the two diameters. Average:_________ 

 A pretest leak-check of pitot lines as in Method 2, Section 8.1, is recommended. 
Place the calibrated pitot tube at the centroid of the stack in either of the velocity 
traverse ports. Adjust the damper or similar device on the blower inlet until the 
velocity indicated by the pitot is approximately 220 m/min (720 ft/min). Continue to 
read the velocity and temperature until the velocity has remained constant (less 
than 5 percent change) for 1 minute. Verify that the flow rate is 4 ± 0.40 dscm/min 
(140 ± 14 dscf/min); if not, readjust the damper, and repeat the velocity traverse. 
The moisture may be assumed to be 4 percent (100 percent relative humidity at 85 
EF). 

 

__ 166. - Testing Velocity Measurements. 
*After obtaining velocity traverse results that meet the flow rate requirements, 
choose a point of average velocity and place the pitot and temperature sensor at 
that location in the duct. Alternatively, locate the pitot and the temperature sensor 
at the duct centroid and calculate a velocity correction factor for the centroidal 
position. Mount the pitot to ensure no movement during the test run and seal the 
port holes to prevent any air leakage. Align the pitot opening to be parallel with the 
duct axis at the measurement point. Check that this condition is maintained during 
the test run (about 30-minute intervals). Monitor the temperature and velocity 
during the pretest ignition period to ensure that the proper flow rate is maintained. 
Make adjustments to the dilution tunnel flow rate as necessary. 

 

__ 167. - Pretest Preparation.  
 

__ 168. - Fill the first and second impinger with 100 ml of water. Weigh and record their 
initial mass to the nearest 0.5 g. 

 



P a g e  | 88 
 
 

__ 169. 8.1.1 Place 200 to 300 g of silica gel in each of several air-tight containers. Weigh 
each container, including silica gel, to the nearest 0.5 g, and record this weight. As 
an alternative, the silica gel need not be preweighed, but may be weighed directly in 
its impinger or sampling holder just prior to train assembly. 
 

__ 170. 8.1.2 Check filters visually against light for irregularities, flaws, or pinhole leaks. 
Label filters of the proper diameter on the back side near the edge using numbering 
machine ink. As an alternative, label the shipping containers (glass or polyethylene 
petri dishes), and keep each filter in its identified container at all times except during 
sampling. 
 

__ 171. 8.1.3 Desiccate the filters at 20 ± 5.6 EC (68 ± 10 EF) and ambient pressure for at 
least 24 hours. Weigh each filter (or filter and shipping container) at intervals of at 
least 6 hours to a constant weight (i.e., #0.5 mg change from previous weighing). 
Record results to the nearest 0.1 mg. During each weighing, the period for which the 
filter is exposed to the laboratory atmosphere shall be less than 2 minutes. 
Alternatively (unless otherwise specified by the Administrator), the filters may be 
oven dried at 105 EC (220 EF) for 2 to 3 hours, desiccated for 2 hours, and weighed. 
Procedures other than those described, which account for relative humidity effects, 
may be used, subject to the approval of the Administrator. 

 

*During preparation and assembly of the sampling train, keep all openings where 
contamination can occur covered until just prior to assembly or until sampling is 
about to begin. Using a tweezer or clean disposable surgical gloves, place one 
labeled (identified) and weighed filter in each of the filter holders. Be sure that each 
filter is properly centered and that the gasket is properly placed so as to prevent the 
sample gas stream from circumventing the filter. Check each filter for tears after 
assembly is completed. Mark the probe with heat resistant tape or by some other 
method to denote the proper distance into the stack or duct. Set up the train as 
shown in Figure 5G-1. 

 

__ 172. -Leak-Check Procedures. 
*That portion of the sampling train from the pump to the orifice meter shall be leak-
checked prior to initial use and after each certification or audit test.. Use the 
procedure described in Method 5, Section 8.4.1.  

 

__ 173. *Pretest Leak-Check. A pretest leak-check of the sampling train is recommended, 
but not required. If the pretest leak check is conducted, the procedures outlined in 
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Method 5, Section 8.4.2 should be used. A vacuum of 130 mm Hg (5 in. Hg) may be 
used instead of 380 mm Hg (15 in. Hg).  
 

__ 174. *Post-Test Leak-Check. A leak-check of the sampling train is mandatory at the 
conclusion of each test run. The leak-check shall be performed in accordance with 
the procedures outlined in Method 5, Section 8.4.2. A vacuum of 130 mm Hg (5 in. 
Hg) or the highest vacuum measured during the test run, whichever is greater, may 
be used instead of 380 mm Hg (15 in. Hg). 
 

 

__ 175. -Preliminary Determinations. 
*Determine the pressure, temperature and the average velocity of the tunnel gases 
as in Section 8.5. Moisture content of diluted tunnel gases is assumed to be 4 
percent for making flow rate calculations. 

 

__ 176. -Sampling Train Operation.  
*Position the probe inlet at the stack centroid, and block off the openings around 
the probe and porthole to prevent unrepresentative dilution of the gas stream. Be 
careful not to bump the probe into the stack wall when removing or inserting the 
probe through the porthole; this minimizes the chance of extracting deposited 
material. 

 

__ 177. *Begin sampling at the start of the test run (once warmed up). During the test run, 
maintain a sample flow rate proportional to the dilution tunnel flow rate (within 10 
percent of the initial proportionality ratio) and a filter holder temperature of no 
greater than 32 EC (90 EF). The initial sample flow rate shall be approximately 0.015 
m3/min (0.5 cfm).  
 

__ 178. *For each test run, record the data required on a data sheet such as the one shown 
in Figure 5G-3. Be sure to record the initial dry gas meter reading. Record the dry gas 
meter readings at the beginning and end of each sampling time increment and when 
sampling is halted. Take other readings as indicated on Figure 5G-3 at least once 
each 10 minutes during the test run. Since the manometer level and zero may drift 
because of vibrations and temperature changes, make periodic checks during the 
test run. 
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__ 179. *During the test run, make periodic adjustments to keep the temperature between 
(or upstream of) the filters at the proper level. Do not change sampling trains during 
the test run. 

 

__ 180. *At the end of the test run, turn off the coarse adjust valve, remove the probe from 
the stack, turn off the pump, record the final dry gas meter reading, and conduct a 
post-test leak-check, as outlined in Section 8.8.2. Also, leak-check the pitot lines as 
described in Method 2, Section 8.1; the lines must pass this leak-check in order to 
validate the velocity head data. 

 

Final Dry Gas Meter Reading:___________________ 

Post Test Leak Check:___________________ 

Leak Check Pitot Line:___________________ 

Leak Check Pitot Line:___________________ 

__ 181. -Calculation of Proportional Sampling Rate. 
*Calculate percent proportionality (see Section 12.7) to determine whether the 
run was valid or another test run should be made. 

__ 182. -Sample Recovery. 
*Same as Method 5, Section 8.7,with the exception of the following: 8.12.1 An 
acetone blank volume of about 50-ml or more may be used. 

__ 183. *Treat the samples as follows: 
*Container Nos. 1 and 1A. Treat the two filters according to the procedures outlined 
in Method 5, Section 8.7.6.1. The filters may be stored either in a single container or 
in separate containers. Use the sum of the filter tare weights to determine the 
sample mass collected. 

*Container No. 2. Taking care to see that dust on the outside of the probe or other 
exterior surfaces does not get into the sample, quantitatively recover particulate 
matter or any condensate from the probe and filter holders by washing and brushing 
these components with acetone and placing the wash in a labeled glass container. At 
least three cycles of brushing and rinsing are required.  

__ 184. *Between sampling runs, keep brushes clean and protected from contamination. 
__ 185. *After all acetone washings and particulate matter have been collected in the 

sample containers, tighten the lids on the sample containers so that the acetone will 
not leak out when transferred to the laboratory weighing area. Mark the height of 
the fluid levels to determine whether leakage occurs during transport. Label the 
containers clearly to identify contents. 

 
END METHOD 5G PROCEDURE SHEET 
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. . . . . .. . . . 
  

 
 

IRETI Pellet Burning Heater Emissions 
Testing Equipment Calibration Procedure  
 

Explanation:  This procedure is to be used to guide the user through the process of 
calibrating the testing equipment. You will be measuring the values output by the 
equipment against a known standard. This procedure will properly set up the equipment  
in accordance to EPA Method 28. 

 

__ 1. 10.0 Calibration and Standardizations. 
 

__ 2. Note: Same as Section 10.0 of either Method 5G or Method 5H, with the addition of 
the following: 
 

__ 3. -Platform Scale. 
__ 4. *Perform a multi-point calibration (at least five points spanning the operational 

range) of the platform scale before its initial use. The scale manufacturer's 
calibration results are sufficient for this purpose. Before each certification test, audit 
the scale with the wood heater in place by weighing at least one calibration weight 
(Class F) that corresponds to between 20 percent and 80 percent of the expected 
test fuel charge weight. If the scale cannot reproduce the value of the calibration 
weight within 0.05 kg (0.1 lb) or 1 percent of the expected test fuel charge weight, 
whichever is greater, recalibrate the scale before use with at least five calibration 
weights spanning the operational range of the scale. 
 

__ 5. -Balance (optional). 
__ 6. *Calibrate as described in Section 10.1. 

 

__ 7. -Temperature Monitor. 
__ 8. *Calibrate as in Method 2, Section 4.3, before the first certification test and 

semiannually thereafter. 
 

__ 9. -Moisture Meter. 

International Renewable Energy Technology Institute 
Minnesota State University, Mankato 

Renewable Energy Research Lab 
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__ 10. *Calibrate as per the manufacturer's instructions before each certification test. 
 

__ 11. -Anemometer. 
__ 12. *Calibrate the anemometer as specified by the manufacturer's instructions before 

the first certification test and semiannually thereafter. 
 

__ 13. -Barometer. 
__ 14. *Calibrate against a mercury barometer before the first certification test and 

semiannually thereafter. 
 

__ 15. -Draft Gauge. 
__ 16. *Calibrate as per the manufacturer's instructions; a liquid manometer does not 

require calibration. 
 

__ 17. -Humidity Gauge. 
__ 18. *Calibrate as per the manufacturer's instructions before the first certification test 

and semiannually thereafter. 
 

END METHOD 28 CALIBRATION SHEET 
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IRETI Pellet Burning Heater Emissions 
Testing Procedure  
 

Explanation:  This procedure is to be used to guide the user through the process of 
emissions testing. You will be measuring the gaseous and particulate emissions. This 
procedure will set up the test and verify the emission measurement system’s 
performance in accordance to EPA Method 28. 

 

*Certification testing requirements and procedures for pellet burning wood heaters are 
identical to those for other wood heaters, with the following exceptions: 

*Test Fuel Properties. The test fuel shall be all wood pellets with a moisture content no 
greater than 20 percent on a wet basis (25 percent on a dry basis). Determine the wood 
moisture content with either ASTM D 2016-74 or 83, (Method A), ASTM D 4444-92, or 
ASTM D 4442-84 or 92 (all noted ASTM standards are incorporated by reference - see 
§60.17). 

 

__ 1. -Test Fuel Charge Specifications. 
__ 2. *The test fuel charge size shall be as per the manufacturer's written instructions for 

maintaining the desired burn rate. 
 

__ 3. -Wood Heater Firebox Volume. 
__ 4. *The firebox volume need not be measured or determined for establishing the test 

fuel charge size. The firebox dimensions and other heater specifications needed to 
identify the heater for certification purposes shall be reported. 
 

__ 5. -Heater Installation. 
__ 6. *Arrange the heater with the fuel supply hopper on the platform scale as described 

in 
__ 7. Section 8.6.1 

 

__ 8. -Pretest Ignition. 

International Renewable Energy Technology Institute 
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__ 9. *Start a fire in the heater as directed by the manufacturer's written instructions, and 
adjust the heater controls to achieve the desired burn rate. Operate the heater at 
the desired burn rate for at least 1hour before the start of the test run. 
 

__ 10. -Test Run.  
__ 11. *Complete a test run in each burn rate category as follows: 
__ 12. *Test Run Start. When the wood heater has operated for at least 1 hour at the 

desired burn rate, add fuel to the supply hopper as necessary to complete the test 
run, record the weight of the fuel in the supply hopper (the wood heater weight), 
and start the test run. Add no additional fuel to the hopper during the test run. 
Record all the wood heater surface temperatures, the initial sampling method 
measurement values, the time at the start of the test, and begin the emission 
sampling. Make no adjustments to the wood heater air supply or wood supply rate 
during the test run. 
 

__ 13. -Data Recording.  
__ 14. *Record the fuel (wood heater) weight data, wood heater temperature and 

operational data, and emission sampling data as described in Section 8.12.2. 
 

__ 15. -Test Run Completion.  
__ 16. *Continue emission sampling and wood heater operation for 2 hours. At the end of 

the test run, stop the particulate sampling, and record the final fuel weight, the run 
time, and all final measurement values, including all wood heater individual surface 
temperatures. 
 

__ 17. -Calculations. 
__ 18. *Determine the burn rate using the difference between the initial and final fuel 

(wood heater) weights and the procedures described in Section 12.4. Complete the 
other calculations as described in Section 12.0. 

 
 
 
 
END Method_28_PROC-SHEET 
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EXAMPLES OF RAW DATA SHEETS 
 
LAB_STARTUP-SHEET_DUAL_5G3 
American PM 
American GASES 
American Temps 
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