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1. Introduction

OMNI Environmental Services, Inc. (OMNI) was contracted by Environment Canacatsure

air emissions and efficiencies for wood stoves that have been certified by the U.S. Environmental
Protection Agency for low emissions. The objective of the study was to determiweortshl
emissions and efficiencies and to verify the applicghdf certification values to reavorld

usage. To that end, two typical certified wood stoves were selected and operated in a normal
fashion during testing. This included: (1) tests with both hardwood and softwood cordwood, (2)
both coldstart and hestart burning scenarios, and (3) tests with both lower and higher burn
rates. To provide insight into the possible range of emissions and efficiencies among U.S. EPA
certified stoveshotha stove with a lower particulate certification value (2.1 g/h)astbve

with a higher particulate certification value (5.9 g/h) were selected for the study. Duplicate tests
were performedor eachtest parameter

Emissions of total particle®M), particles with aerodynamic diameters of less than 2.5 microns
(PM5), nitrogen oxides (Ng), carbon monoxide (CO), total volatile organic compounds

(VOC), methane (Clj, selected EPA listed hazardous air pollutants (HAB¢hydesand
ketone(formaldehyde, acetaltigde, propionaldehydendacrolein),selected EPA listed AP

aromatic hydrocarbons (benzene, toluene, xylenes, ethyl benzene), and other selected compounds
(1,3-butadiene, methylene chlorideere measured. In addition carbon dioxide, oxygen,
temperatures (chimney, stovepm meter boxes, particulate filteracadilution tunné), fuel

mass, and flows were measured to support the emission and efficiency calculations. Wood
moisture, elemental composition, and energy content were also measured. Standard methods
were used to the extent feasible for all testing.

In addition to the direct measurement of emissions and efficiencies, a literature review was
conducted to allow for comparison of results measured in this study with the results from other
studies. The literature values have been compiled in tabulartforfeilitate comparisons. A
complete list of source references has been included.

A detailed description of the testing program is provided as Section 2. The results of the testing
are providedand discusseith Section 3. The results of the litensueview are provided as

Section 4.A summary is provided as Section Bhotographic documentatiomeal time graphs,
calcuations, intermediate datapalyticallaboratory reports, and testing program uncertainties

are provided as appendices.



2. Testing Program

2.1 Measurements

Based on consultations as prescribed in the contract with Environment Canada staff and a
Canadian wood heater expert retained for this purpose, the measurements that were deemed
appropriate for this study were selectedansiard sampling methods were used to collect and
monitor all parameters. Table 1 lists the methods used and the pollutants measured. Air
emission samples were collected from a dilution tunnel. Supporting measurements were made in
the heater chimney (stid) and in the surrounding laboratory. Ba®mund samples were

collected for laboratory air. The pollutants measured included:
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Total particulate matteP(V)

Particles less than 2.5 microns in aerodynamic diametes {PM

Methane

Carbon monoxide (CO)

Nitrogen oxides (NQ reported as N§&

Total volatile organic compounds (VOT)Ihe total VOC emission factor was collected
with a real time gas analyzeitiva FID detector. This valuacludes methane and most
norntmethane VOCgeported as carbon, as ima@he and as heptane.

Non-methane VOCs (NMVOC) calculated by the subtraction of methane from total
VOCs, reported as carbon, as methane and as heptane.

Carbon dioxide (C¢g) calculated from the fuel analysis and mass of fuel consumed

HAP listed aldehydeandone ketongformaldehyde, acetaldehyde, propionaldehyde, and
acrolein) reported individually

HAP listed aromatic hydrocarbons (benzene, toluene, xylenes and ethyl benzene) been
reported individually

Additional compounds$ 1,3-butadiene and methylenelatide

BadkgroundPM



Table 1. Compounds, Parameters, Sampling and Monitoring Methods, Collection and Monitoring Devices, Analytical
Laboratories, and Analytical Methods

Compound Group

Analytical Compounds

Sampling Method

Collection Device

Analytical
Laboratory

Analytical Method*

Stack loss (2 methods)allesreported

Modified Section 13.9 and

Efficiency using European (lower) and American |Annex D of CANCSA
(higher)heatingvalue B415.200 various
Total Particulate Matter (PM) Modified EPA M-5G 47 mm Glass Fibre A/E Filter
Other Test Method 27 (In
Particles accordance with EPA
Particles less than 2.5 microns in proposed changes to methd47 mm Glass Fibre A/E Filter,
aerodynamic diameter (P 201A) Teflon coated glass A/E
Nitrogen Oxides (N EPA M-07E Chemiluminescent gas analyz
Carbon Monoxide (CO) EPA M-10 Gas filter correlation analyzer
Oxygen (Q) EPA Method 3A General purpose gas analyzer
Gases Carbon dioxide(Cg) EPA Method 3A General purpose gas analyzer

Total Volatile Organic Compounds
(VOC's)

EPA M-25A

Total hydrocarbon analyzer wi
flame ionizing detector (FID)

Air Toxics Ltd., guide to air |Stainless Steel Summa CanisjAir Toxics [Modified ASTM D-
Methane sampling and analysis (6L, evacuated) LTD. 1946(sh)CH, only
Calculated by subtraction o
methane (by Summa
Canister) from total
VOCs.(by continuous
Non-Methane VOCs NMVOCs analyzer)
\Volatile Organic EPA listed hazardous air pollutant (HA Columbia  |Colorimetric procedure,
Compounds Aldehydesformaldehyde acetaldehyd, High purity water filled Analytical |[NCASI IM/CAN/WP-
andpropionaldehyde Modified EPA M-316 impingers Services, In¢99.02
Selected EPA listed HAPs and other Modified EPA TG15
compounds: benzene, toluene, xyleneg (GC/MS Full VOC scan,
ethyl benzenel,3-butadiene, methylene|Air Toxics Ltd., guide to air |Stainless steel Summa canist¢Air Toxics  with additional
chloride, acrolein, angropionaldehyde |sampling and analysis (6 liter, Evacuated) LTD. components)

*See appopriate laboratory reporta the appedicesfor modifications toanalytical methods




2.2 Efficiency

The efficiencies for edcheater, witreachassociate@perational conditionwere determined by

two stack loss methods. These have been described iBEEAL00Sect i on 13. 9 AETf f
and Carbon Monoxideo and Annex Dherfeduissthavé Co mb u
been reported by using two reporting conventions, the European comwehoe the lower

heating valu¢LHV) of the fuel is used inhie denominator of the efficiency calculation and the

North Americanconvention where the higher heating value (HHV) of the fueses in the

denominator of the efficiency calculation.

The following modifications to the test method were made:

1 Thefueling protocolspecified byCSAB415.200 wasmodifiedin three ways: 1)
cordwoodwas usedather than Douglas fir dimensional lumbe@) A cold start scenarjo
with multiple fuel additionsvas used in half the evaluations rather than a hotastdrt
singlefuel addition 3) Theh ot st art scenari o6gshekimlthg a ho't
andstarter logs were used as {pest fuel instead of thieieling protocolspecified in the
method. Thecoal bel resulting from the pretest fueling protospkecified h the method
is largerthan would be reasonable foremlworld evaluation.

1 Thenumber of tests used to calculate an average efficiency was modifgAiB415.1
00 calls for measuring efficiency from each of the four burn (gfieg,db)categories
(Categgory 10 0, Cate@ory 2 = 0.81 to 1.25, Category 3 = 1.26 to 1.90, Category 4 =
maximum rate), the final efficiency is then calculated from the average of thakis,res
with exception of appliances that can operate at exceptionally high burn r&tleg/(%.
Results in this study are reported for each individualaedtassociated burn rate

1 The dilution tunnel was operated at a flow @®00 dscfmhigher than isecommended
in the method~150 dscfm, ratio of average mass flow rate in the ditutiinnel to the
average fuel burn rate be less than 150El¢vated tunnel flows were needed to cool
stack gases for accurate emission measuremeptglofants in partitioned (solid and
liquid) and gas phased.here should be no significant differerin emissions results
from an elevated tunnel flow, since athermethod specifications/limitationgere met
(measurable particulate catch and filter temperatures below 90 °F (32 °C))

2.3 Wood Stoves

Two U.S. EPA certified nogatalytic wood stovesevr e s el ected for wuse. B
prior to use with at least one week of normal use to burn off paints and oils. Both were inspected
prior to use to insure that they were in good working order. As previously noted, one stove had a
particulatecertification value near the lower end of the certification range (2.1 g/h) and one stove

had a particulate certification value near the higher end of heater certification range (5.9 g/h).

The former stove had a listed heat output range of 14900 BT/h (27,620100,267 KJ/h)

with ausable firebox volume of 2.1 cubic {€89.2 lite); the latter had a listed heat output range

of 11,60038,700 BTU/h (26,92489,823 KJ/h)Wwith ausable firebox volume & .3 cubic feet

(65.1 litep. Both had a listed detilt efficiency of 63%.The heaters were operated and installed
according to the manufactureroés specification



2.4 Fuels

Two fuel compositions were used: softwood (Douglas fir) and hardwood (mdjple).

cordwood was purchased locally from vendors w#ibwood to the publicThe target mass of

the main fuel piecewasbased on literature values for the typical mass of a cord (by species) and
a study where the number of wood pieces in a cord was countediuel loadsnd operational
parameterare dscussed in detail ithe next sectionPrior to use, the wood moisture content

was measured with a hand held resistance type moisture meter to insure that wood fuel was
seasoned (20 % + 5%, db). Samples of sawdust were collected from representas/piec
submittal for fuel analyses, which provided carbon, hydrogeygesx nitrogen, sulfur, ash, heat
content and loss on dryingrable 2 is a summary of fuel materials used for testing.

Table 2. Summary of Fuel Materials

Ignition Source: Butane lighter and crumpled black print newspaper

Kindling: Softwood kindling sticks ~1.2kg (2.75 pounds) + 10%.
10+ 5% moisture (dry bas)

Starter Pieces: Hardwood (maple) cordwood 1.R§ (2.75 pounds) wet basis £ 10%.
Softwood (fir) cordwood 1.8g (2.2 pounds) wet basis + 10%.
16 + 2 inches (40.6 £ 5.1 cm) in length
20 £ 5% moisture (dry basis)

Main Pieces: Hardwood (maple)ardwood 3.kg (7.7 pounds) wet basis = 10%.
Softwood (fir) cordwood 2.%g (5.5 pounds) wet basis + 10%.
16 + 2 inches (40.6 £ 5.1 cm) in length
20 £ 5% moisture (dry basis)




2.5 Burning Protocols

There were two main objectives taken into consitien in the design of the wodmlirning

protocols. These were: (1) to simulatealworld burn patterns representative of how a wood

heater would be normally used with typical fuel and (2) to parallel standard test methods (CSA
B415.1200and EPA Method &), where possible, for verification of efficiency and air emissions.

The fueling protocol was similar to the cordw
Heater Baseline Studyo, prepared by OMNI Envi
Canadand the Hearth, Patio & Barbecue Association in 2006. The protocols consist of targets

for the mass of fuel, addition times, and burn duratidrse fuel load was similar (number of

fuel pieces) for each appliance due to similar firebox volumes. Ehéod mass for the

low/cold burn tests were determined by the least number of fuel pieces which adwmpant

would likely add (two). The small fuel load also allowed testing to be completed within a
reasonable timeframe. The high/hot fuel loadsevastermined by the maximum number of

pieces a homeowner woudiely add (four). During each test the heater was operated as a

typical homeowner would to produce heat for a home. There were no observed issues with

excess air during the testinghe folowing dedails the two burning scenarios:



Low/Cold Burn Scenario

The low/cold burn scenario consisted of a low air inlet setting where the air inlet was turned
down to the lowest possible setting on the heater. The burning guidelines in the mamufagtsr
instruction manuals were taken into consideration for the low burn settings and followed to the
extent that they were consistent with realrld homeowner practice. Emissions and efficiency
measurements started from a cold start. The sampling systera startednd within five
secondshe newspaper was lit with a lighter. The low/cold burn scenario was a complete burn
cycle from a cold start to the test end point. The primary end point for the tests was as stated in
CSAB415.10 0, 0 T h s compeletetd wherutlme remaining weight of the test fuel charge is
zero. End the test run when the scale has indicated a test fuel charge weight of 0.00 kg for 30
s e ¢ o nfdhe scale readindid notreach 0.00 kg, then the secondary endpoint was used.
OMNI usel one of the operating limitations (section 12.6) of CSA B4T®R As a secondary

endpoi nt . AThe average of the five appliance
top, left sidewall, right sidewall, bottom and back) at the stahefest run and at the
compl etion of the test run shall be within 70

low/cold protocol is shown in Table 3.

Table 3. Low/Cold Burn Protocol

1 Prior to testing the following measurements are made on the(fjetotal mass of each
piece of wood (2) total mass of the entire fuel charge and (3) moisture content, dry basis.

1 Assemble kindling in a tepee formation with four full sheets of blapkint newspaper

crumpled beneath.

1 Light newspaper, start test (spling equipment on)

1 After five minutes add three startegs

1 After 15 to 30 minutes add two main fuel pieces. Stacking should be conducted to

provide optimum air flow around fuel pieces. Photograph the main fuel charge.

1 The air inlet is left completelgpen for 15 to 30 minutes, then reduced to the lowest

possible setting until the end point is reached.

1 End test (sampling equipment off)

1 The residue (ash) is collected and weighed the follodamgafter the test is completed

and ithas cooled to room temerature.




High/Hot Burn Scenario

The high/hot burn scenario consisted of alpwen for at least one hour or until a hot coal bed
(as outlined in CSA B415-Q0) was established. For the high/hot burn scenario the heater
air inlet settings were at théghest setting possible. The burning guidelines in the
manufacturero6s instruction manuals were take
and followed to the extent that they were consistent withwedld homeowner practice.

The sampling sysias were started after the goarn as outlined in CSA B41500, i.e.,
measurements were started with the fire already hot. Due to the omission of thp start
phase of the fire, high/hot burn scenario provides an incomplete burn cycle measurement
from the hot start to the test end point. The test end point determination was the CSA
B415.1200 end point, describeak the primary endpoiit the low/cold scenario. The

high/hot protocol is shown in Table 4.

Table 4. High/Hot Burn Protocol

1 Prior to testinghe following measurements are made on the fuel: (1) total mass of each
piece of wood (2) total mass of the entire fuel charge (not including the mass of-the pre
burn fuel), and (3) moisture content, dry basis

1 Assemble kindling in a tepee formation withour full sheets of blackrint newspaper

crumpled beneath

Set air settings to highest possible setting

Start fire with the ignition source

After five minutes add four startémgs

After spreading the coals to establish a uniform, hot coal bed, zeraatbe sc

Add four main fuel pieces filling the firebox full (stacking should be conducted to

provide optimum air flow around fuel pieces).

Photograph the main fuel charge

Start test (sampling equipment on)

Make appropriate adjustments to settings to avoid finveg if excessive flie gas

temperatures are reached

End test (sampling equipment off)

Collect and weigh the residue (ash) the following day after the test is completed and it

has cooled to room temperature

=4 =4 -4 -4 -9
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To enhance the statistical reliability alpght test conditions for each heater were duplicated for a

total of 16 test runs. Table 5 is a summary of the testing matrix.

Table 5. Testing Matrix

Replication Heater
Test Run e Heater | Cordwood Fuel |Setting/Starting Date
Identification Option
1 1 Heder 1 Softwood (fir) Low/Cold 3/13/09
2 1-duplicate | Heater 1|  Softwood (fir) Low/Cold 3/14/09
3 2 Heater 1| Hardwood (maple) Low/Cold 3/16/09
4 2-duplicate | Heater 1| Hardwood (maple) Low/Cold 3/17/09
5 3 Heater 1|  Softwood (fir) High/Hot 3/18/09
6 3-duplicate | Heater 1|  Softwood (fir) High/Hot 3/19/09
7 4 Heater 1| Hardwood (maple)  High/Hot 3/19/09
8 4-duplicate | Heater 1| Hardwood (maple)  High/Hot 3/20/09
9 5 Heater 2|  Softwood (fir) Low/Cold 3/21/09
10 5-duplicate | Heater 2/  Softwood (fir) Low/Cold 3/23/09
11 6 Heater 2| Hardwood (maple) Low/Cold 3/24/09
12 6-duplicate | Heater 2| Hardwood (maple) Low/Cold 3/25/09
13 7 Heater 2|  Softwood (fir) High/Hot 3/26/09
14 7-duplicate | Heater 2|  Softwood (fir) High/Hot 3/26/09
15 8 Heater 2| Hardwood (maple)  High/Hot 3/27/09
16 8-duplicate | Heater 2/ Hardwood (maple)  High/Hot 3/27/09

Heater 1i Higher Emissions Heatér U.S. EPA certified norcatalytic stove with a particulate certification walof
5.9 g/h a heat output listing of 11,6€88,700 BTU/h (27,620.00,267 KM), a usable firebox volume of 2.3 cubic
feet (65.1 litews) and a default efficiency of 63%.

Heater 2 Lower Emissions Heatédr U.S. EPA certified nomtatalytic stove with a particulate certification value of
2.1 g/h a heat outpuisting of 11,90043,200 BTU/N(26,92489,823 KJ/h)a usable firebox volume a?.1 cubic
feet(59.2 litess) and a default efficiency of 63%.



3. Testing Resultsand Discussion

3.1 Operational Characteristics

Tables 6 and 7 contain wood heater operational charaatgri$tie parameter that
best describes the operational characterigticerms of dry mass of fuel and tinme)
the burn rate, see Figure Eor all test scenarios there was a differendmurn rates
between the higher and lowemissionsheates (thelower emissions heater tests had
higher burn rates than the higher emissions heater tiesdp variations in stove
design (primary/secondary air, flame baffles, firebox insulation and ash removal
components) Also, a expected, the burn rates for tbevdicoldburn scenariosere
lower than the high/hot burn rates.

Figure 1. Comparison of Burn Rates
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3.2 Temperature Measurements

Tables 8 and 9 contain wood heater temperature measurerSeeta\ppendix C for
real time temperature graphSee Figue 2 for a summary of average temperatures.
In general the higher emissions heater had Idwertemperatureghan the lower
emissiors heater. Thelaboratory and dilution tunnel temperatures eveimilar
between test runs of each burn scenario and leetiveatersAs would be expected,
dilution tunnel temperatures werigher for the high/hot burn scenarios

10



Figure 2. Comparison of Average Temperatures
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3.3 Efficiencies

Tables 10 and 11 contain wood heater efficiency measureniRessits for ach test run are
reported by two test methodsoth methods are published@8A B415.:00: Section 13.9 and
Annex D Total Combustible Carbon), two reporting conventions (LHV and HHV) and two fuel
properties (default fim the method and as measured). @ahg efficiency isa comparison of

the actual energy output to the theoretically possible energy output. Both medlwdate

overall efficiency bysubtracing the measured lossésersible, latent and chemigdtom the
energy inpuftheoretical engyy available in the fug¢land dividingby the energy inputThe
difference in the two conventionshew theenergy inputin thedenominatofnot the

numerator)pf the efficiency calculatigris calculated For the HHV efficiency,theenergy input

is calculated by using the higher heating value for the wood flie¢ use oHHV assumethat

the energy associated with water condensation is available for hetinthe LHV efficiency

the energy input in the denominator is calculdtgdubtracting thealculated latent energy
losses from the HHV energy inpuit. should be noted that the method used healculatehe
LHV efficiencyis not stated i8415.200 and is not the only way to calculate LH¥ergy

input. The use dfHV assumeshat the eneyy associated with water condensation is not
available for heating because the water is carried up and out of the stack in the vapdn phase.
both conventions theigher heating values fdhe fuel and combustion gases, in esseneeg

used in the numator of the efficiency calculation. See Appendix D and E for supporting and
underlying data. See Appendix J for efficiency uncertainties.

Figure 3and 4 compareverall efficienciedy each reporting convention (LHV and
HHV). Onetest run(12), the Amex D, TCC results amot reported du#o results
that did not pass quality controlextks as specified in the methothere wadittle
difference between efficiencies fiive higher and lower emissions heatdrs.
addition,therewaslittle differencebetween the two methods used to measure
efficiencieswhenthe default fuel properties are usddowever, herewasalarge
difference between the two methods of measuring efficiemdies the measured
fuel propertiesvereused instead of the defautiluesspecifiedin the method Little

11



differencewasfoundwhen using the measured or default fuel properties in the Annex
D, TCC method Finally, there wadittle difference in efficiencies betweevood
specier burn scenarios, see Figuradd 5

Tables 1617 contain average efficiencibg thevarious componentse. burn
scenario, fuel type and heataodel

Table 21contains average efficiency results compared to stated efficiency values.
Figure 3. Comparison of Overall Efficiencies(LHV) by Two Methods (Section

13.9 and Annex D, TCCland Two Fuel Properties (Default from the Method
and as Measured)
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Figure 4. Comparison of Overall Efficiencies (HHV) by Two Methods (Section
13.9 and Annex D, TCC) and Two Fuel Properties (Default from th Method
and as Measured).
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Figure 5. Comparison of Overall Efficiencies(LHV, as measured by Annex D,
TCC) as Related to Wood Species and Burn Scenarios.
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Figure 6. Comparison of Overall Efficiencies (HHV, as measured by Annex D,
TCC) as Related towood Species and Burn Scenarios.
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3.4 Air Emissions

Tables 12, 13, 14 and 16main wood heater air emissiomgasurements.

Particulate data have been reported both as directly measured with the Method 5G
like sampler and as convertedMethod 5Hecquivalent values. The Method 5G to
5H-equvalent conversions were accomplished ukotgthe conversions formulas
provided as part of the emission factor documentation fed2Bnd the NSPS.

There are anumberof comm nds fAr e p o meaasthazasxadlifferemth i ¢ h
molecular weight used in the emissions calculatid@Cs have been reported as
carbon, as methanejéas heptane. Nitrogen oxidé&&Jy) arereported as N@®

These reporting conventions were chosen baséuawarthe pollutant is typicall

reportel in the literature. VOCs were reported using three conventions to aid in
comparisons to other reports and literature val@ee Appendix C for real time gas
analyzer graphef stack and tunnel measuremeree Appendix J for air emission
uncertainties.

As expected,ite hgher emissionkeater had higher air emissions than the lower
emissions heater, see Figure$(0 When comparing the difference between
hardwood and softwood in terms of particulatessioins there was ricend, however
there were diferences measured, see Figure The higher emission heater had
greatemarticulateemissiongluringthe softwood tests and the lower emission heater
hadgreater particulate emissions durthg hardwood testdn terms ofourn
scenariosthehigh/hot hadmuchlower emissions #@n the low/cold in both heaters,
see Figure 11

For eachPM, s testresult the tables includa ratioof fine particulate tdotal
particulate (reported as Mj@Gexpresseds apercentage The averageatio of

PM, 5/PM (for all testswith datg was89%=* 14%. The results showariability in the
PM, s/PM ratio betweenests, with some results showislightly more PM sthan
total PM. Thisvariability canbe attributedo a number of factors includingeparate
samping trains with different sampling probasd filter assemblieghe PM 5
sampling train incorporateglsize selective cyclone/nozzesigned to meet EPA
requirements for wstack measurements of particulate matter equal to or less than 2.5
microns,whereas the PMsampling trairhad no size selective inlgtsior to the filter
assembly)slightly different sampling rategndsingleas opposed to duplicate
sampling trainsOverall the results are within typicahcertaintie®f particulate
measurementisom comhustion sourceswhichis in the range of 20%.

Tables 1617 compare average air emissions by various componientsurn
scenariofuel typeand heatemodel

Table 19 contains particulate emission factors compared to other studies
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Figure 7. Comparison of PM (M5G), PM 5 and PM (M5H-equivalent, NSPS)
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Figure 9. Comparison of Selected Air EmissiongMedium Scale)
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Figure 11 Comparison of PM (M5G) Emission Factorsas Related toTree Species and
Burn Scenarios.
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3.5 Fuel and Combustion Residue Composition

Tale 18contains fuelanalysis results and heating values for the softwood and hardwood
cordwood, in addition to the combustion residDefault fuel properties from each efficiency
method are also providedror all tests the fuel charge was consumed byetid of the test.
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Table 6. Wood Heater Operational Characteristics, Higler Emissions Heater

Softwood Hardwood Softwood Hardwood
Characteristic Units ST Low/Cold AEVEIEEE Low/Cold S.OftWOOd High/Hot Ha_lrdwood High/Hot
Low/Cold . Low/Cold . High/Hot . High/Hot :
Duplicate Duplicate Duplicate Duplicate
Test Run 1 2 3 4 5 6 7 8
kg/tr, 1.08 1.10 1.27 1.34 3.37 2.92 2.87 2.78
Burn Raté db | ' ' ' ' ' ' '
Total Mass of 7.92 7.90 8.79 9.39 8.71 8.02 9.56 9.73
Fuef kg, db
Mass of Kindling| kg, db 1.11 1.14 1.10 1.07 na na na na
Mass of Starter 2.70 2,58 3.10 3.74 na na na na
Logs kg, db
Mass of Main
Euel Load kg, db 4.12 4.19 4.60 4.59 8.71 8.02 9.56 9.73
Moisture of Fuel | %, db 19.83 20.92 22.10 20.12 17.98 18.04 21.80 23.15
Moisture of Fuel| %, wb 16.55 17.30 1810 16.75 15.24 15.28 17.90 18.80
Length of Test | Hours 7.33 7.17 6.92 7.00 2.58 2.75 3.33 3.50
End points: Low/Cold start test8s stated in CSB415.200i The average of the five appliance surface tempe
sidewall, right sidewall, bottom and back) at the start of the test run and at the completion of the test run shallt:@eétkins degrees (158 Fahrenheit
degrees) . 0 A separate endpoint was nee dadevérequal Q.08)e Hot stary tesBasstated in ESXR4$5.rbecau s e
OO The test run is completed when the remaining wei gditdted a test fuehchge weightof f u e | c he
0.00kgf or 30 s. 0O

?Includes kindling, starter logs and main fuel load.

3Average percent moisture (dry basis) as measured from each piece of fuel with a Delmhorst moisture meter.

na = not applicable
db = dry basis
wb = wet basis
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Table 7. Wood Heater Operational Characteristics Lower Emissions Heater

Softwood Hardwood Softwood Hardwood
Characteristic Units Seiee Low/Cold AEVEIEEE Low/Cold S.OftWOOd High/Hot Ha_lrdwood High/Hot
Low/Cold . Low/Cold . High/Hot . High/Hot :
Duplicate Duplicate Duplicate Duplicate
Test Run 9 10 11 12 13 14 15 16
kg/hr,
Burn Raté db 1.61 1.77 1.71 1.73 3.90 4.10 3.31 3.97
Total Mass of 8.04 7.66 9.83 9.65 8.45 8.54 8.83 9.61
Fuef kg, db
Mass of Kindling| kg, db 1.10 1.09 1.06 1.16 na na na na
Mass of Starter 2.64 2.67 3.80 3.82 na na na na
Logs kg, db
Mass of Main
Fuel Load kg, db 4.32 3.90 4.99 4.68 8.45 8.54 8.83 9.61
Moisture of Fuel | %, db 16.71 16.66 22.29 21.71 18.19 17.06 24.20 23.66
Moisture of Fuel| %, wb 14.32 14.28 18.23 17.84 15.39 14.57 19.48 19.13
Length of Test | Hours 5.00 4.33 5.75 5.58 2.17 2.08 2.67 2.42
End points: Low/Cold start tests: As stated in GB#L.5.100, ifiThe average of the five appliance surface temg

sidewall, right sidewall, bottom and back) at the start of therti@sand at the completion of the test run shall be within 70 Celsius degrees (158 Fahrenheit

degrees) . 0 A separate endpoint was needed f or t kgeHoLstantedtas btated in ESRB4851-becaus e
OO The test run is completed when the remaining we.i gditdted a test fuehcharge eeight off u e | c he
0.00kgf or 30 s. 0O

?Includes kindling, starter logs and main fuel load.
3Average percennoisture (dry basis) as measured from each piece of fuel with a Delmhorst moisture meter.
na = not applicable
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Table 8. Temperatures During Test$, Higher Emissions Heater

Softwood Hardwood Softwood Hardwood
Characteristic Units ST Low/Cold AENEIEEE Low/Cold S.OftWOOd High/Hot Ha_lrdwood High/Hot
Low/Cold . Low/Cold . High/Hot . High/Hot :
Duplicate Duplicate Duplicate Duplicate
Test Run 1 2 3 4 5 6 7 8
One foot(30 cm) oF 360 369 394 401 750 704 726 716
above heater in
chimney, averagg °C 182 187 201 205 399 373 386 380
One foo(30 cm) | o 708 689 899 847 984 915 1101 1049
above heater in
chimney, oC 376 365 482 453 529 491 594 565
maximum
Eight fed (2.4 OF 248 260 273 262 528 497 499 498
m) above floor in
chimney, averag¢ °C 120 127 134 128 276 258 260 259
Eight fee (2.4 | o 708 515 652 602 675 640 759 754
m) above floor
in, chimney oC 376 269 344 317 357 338 404 401
maximum
(o]
Laboratory, F 72 72 73 73 76 77 79 78
average oC 22 22 23 23 24 25 26 25
(o]
Dilution tunnel, F 81 82 83 83 108 101 101 100
average oC 27 28 28 28 42 38 38 38

*From start of test to end point
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Table 9. Temperatures During Test$, Lower Emissions Heater

Softwood Hardwood Softwood Hardwood
Characteristic Units Seiee Low/Cold AEVEIEEE Low/Cold S.OftWOOd High/Hot Ha_lrdwood High/Hot
Low/Cold . Low/Cold . High/Hot . High/Hot :
Duplicate Duplicate Duplicate Duplicate
Test Run 9 10 11 12 13 14 15 16
One foot (30 cm)  °F 459 445 444 468 827 854 779 871
above heater in
chimney, averag{  °C 237 229 229 242 442 456 415 466
One fee (30 cm) | o 956 997 1060 1144 1110 1159 1149 1095
above heater in
chimney, oC 513 536 571 618 599 626 620 590
maximum
Eight fee (2.4 oF 316 312 310 327 653 686 624 670
m) above floor in
chimney, average  °C 158 156 154 164 345 363 329 354
Eight foot (2.4 | o 705 742 780 834 849 896 887 802
m) above floor
in, chimney oC 374 395 416 446 454 480 475 428
maximum
(o]
L aboratory, F 73 73 73 74 74 78 78 79
average oC 23 23 23 23 23 26 25 26
(o]
Dilution tunnel. F 83 86 85 86 110 114 107 110
average oC 28 30 30 30 43 45 42 43

*From start of test to end point
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Table 10. Wood Heater Efficiencies%), Higher Emissions Heater

fuel properties)

Overall Efficiency per Softwood SOHTTIOE Hardwood AEVEIEEE Softwood Spftwood Hardwood Ha_lrdwood
CSA B415.100 Low/Cold | OW/Cold 1 vicold | LOW/COld | ianiHot | HIGHOU | b ior | High/Hot
| Duplicate Duplicate Duplicate Duplicate
Test Run 1 2 3 4 5 6 7 8
Section 13.9 (HHV, defaulf  ng na na na 67.50* | 70.47* 69.25* 66.68*
fuel properties)
Section 13.9 (LHV, defaulf 4 nd nd nd 73.30* | 76.97* | 75.98* | 73.06*
uel propertes)
Section 13.9 (HHV, na na na na 7355+ | 7658 | 79.42¢ | 76.62*
measured fuel properties
Section 13.9 (LHV, na na na na 79.49* | 83.25¢ | 87.14* | 83.95*
measured fuel properties
Annex D, Total Combustibl ) ) ) )
Carbon(HHV, default fuel | 61.01 69.12 66.21" 66.18" 68.09 67.02 68.66' 65.09"
properties)
Annex D, Total Combustibl ) ) ) )
Carbon(LHV, default fuel | 67.18 76.04 7291 72.78' 74.95 73.64 75.37 71.66'
properties)
Annex D, Total Combustibl
Carbon(HHV, measurd 61.00 69.14 66.54 66.51 68.10 67.02 68.95 65.42
fuel properties)
Annex D, Total Combustibl
Carbon(LHV, measured 67.12 76.01 73.22 73.07 74.92 73.59 75.66 71.99

*Incl udes

negative

fi hy dvalles, seédpendid of this eport. u e |
HHV-Higher Heating Value of the fuelked in the denominator of the efficiency calculation, assumes that the energy associated with water condensation is

moi stur e

available for heating. Higher heating values for the fuel and combustion gasasseeiia the numerator of the efficiency calculation.

LHV-Lower Heating Valuesf the fuelwasusedin the denominator of the efficiency calculati@ssumes that the energy associated with water condensation is
not available for heating because the waearried up and out of the stack in the vapor phdggher heating values for the fuel and combustion gases were

used in the numerator of the efficiency calculation.

na not applicable, de to modificaibns in to the fueling protocalome of the inter calculation®f Section 13.2lo not apply to the cold start scenarios with

multiple fuel additiongnd therefore are not reported.

A Default fuel properties for Douglas Fir used in calculations
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Table 11. Wbod Heater Efficiencies (%), Lower Emissions Heater

- Softwood Hardwood Softwood Hardwood
Overall Efficiency per Softwood Hardwood Softwood ) Hardwood !
CSAB415400 Low/Cold | LoW/Cold |\ sicold | Low/Cold | ioniHot | HIGhHOU | popybor | High/Hot
Duplicate Duplicate Duplicate Duplicate
Test Run 9 8 11 12 13 14 15 16
Section 13.9 (HHV, defaulf  ng na na na 62.67* | 69.35* 62.99* 66.31*
fuel properties)
Section 139 (LHV, defauly 4 nd nd nd 67.79* | 75.63* | 6893 | 72.71*
uel properties)
Section 13.9 (HHV, na na na na 68.28 | 7542+ | 72.64¢ | 75.93*
measured fuel properties
Section 13.9 (LHV, na na na na 73.51% | 81.90* | 79.48* | 83.26*
measured fuel properties
Annex D, Total Combustibl ) ) )
Carbon(HHV, default fuel | 71.33 71.33 73.08' nd 67.71 65.86 64.97 63.78'
properties)
Annex D, Total Combustibl ) ) )
Carbon(LHV, default fuel | 78.20 74.64 80.25' nd 74.17 72.16 68.93" 70.37
properties)
Annex D, Total Combustibl
Carbon(HHV, measured 71.33 68.31 73.29 nd 67.70 65.85 65.24 64.12
fuel properties)
Annex D, Total Combustibl
Carbon(LHV, measured 78.16 74.59 80.47 nd 74.12 72.11 71.78 70.72
fuel praperties)

*Includes negati ve Ahy dvalessaeAppendid J d thisirepbru e | moi stur e

HHV-Higher Heating Value of the fuglas used in the denominator of the efficiency calculation, assumesdtateigy associated with water condensation is
available for heating. Higher heating values for the fuel and combustion gases were used in the numerator of theceftialatioy.

LHV-Lower Heating Valuef the fuel was useth the denominator of thefficiency calculationassumes that the energy associated with water condensation is not
available for heating because the water is carried up and out of the stack in the vapdiighaséeating values for the fuel and combustion gases were used in th
numerator of the efficiency calculation.

'na not applicable, de to modifications in to the fueling protocol, some of the interval calculaticBection 13.910 not apply to the cold start scenarios with
multiple fuel additiongnd therefore are no¢ported.

A Default fuel properties for Douglas Fir used in calculations
nd-no data du¢o results that did not pass quality control checks as specified in the method.
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Table 12. Air EmissionRates(g/h), Higher Emissions Heater

Compound Softwood | " | Hardwood | TEURERT | Softwood | SRLISO | Hardwood | FECECE
Low/Cold . Low/Cold . High/Hot . High/Hot .
Duplicate Duplicate Duplicate Duplicate
Test Run 1 2 3 4 5 6 7 8
Total Pa,\r/lthG“'ate PM1 912 7.32 6.11 8.47 8.54 7.00 2.17 3.99
Total Particulate (PM) | =4 o7 9.81 8.33 1119 | 1128 | 9.4 3.26 5.66
M5H-equivalent
Total Particulate (PM) | 44 4, 9.50 8.17 1072 | 1079 | 9.8 3.46 5.74
M5H-equivalent
Fine Particulat¢PMzs) | 1 nd | 659 | | nd | 739 | nd | 647 | 178 | 383
Percent offotal PM (5G) 90% 87% 92% 82% 96%
Methane 8.24 5.96 8.41 10.60 11.66 9.70 6.52 16.39
(CHqy, as methane)
Carbon Monoxide (CO)| 171.98 | 130.67 121.74 156.61 | 191.31 | 203.64 211.74 299.52
Nitrogen Oxides
(NOx, as NQ) 0.82 0.89 1.03 1.27 2.45 1.99 3.43 3.03
Total Volatile Organic | 16.72 12.68 16.73 22.37 28.43 25.53 9.22 25.30
Compounds | T T T T L T T T T T T T T
(VOC, as carbon, as 2229 | 1691 | 2230 | 2983 | 3790 | 3403 | 1230 | 33.72
methane, as heptane)| 139.54 105.84 139.58 186.69 237.21 213.03 76.96 211.06
Non-Methane Vocs | 1051 | 810 | ! 9.93 | 1419 ] 19.00 | 1768 | 440 | 14.18
(NMVOC, as carbon, a3 14.01 | 1080 | 13.24 | 1891 | 2533 | 2357 | 586 | 18.90
methane, as heptane)| g7 59 | 6761 82.88 118.39 | 15857 | 14752 | 36.67 | 118.31
Carbon Dioxide (C©) 2060 2102 2338 2468 6434 5560 5274 5113

*AP-42 mnversion: 5H = (1.619) x (58}
*NSPS conversion: 5H = (1.82) x (5&¥

nd = no data due to torn filter

"NSPS certification value of 5.9 g(bertification emission rates are weighted averages of emissions from four burn ratspeitific softwod dimensional

lumber fueling protocol)




Table 12 (cont). Air Emission Rates (g/h), Higher Emissions Heater

Softwood Hardwood Softwood Hardwood
Compound | SO0 | LowiCow | HAIOOR | LowCols | SO0 | vigor | Hrdecs | ignior
uplicate Duplicate Duplicate Duplicate

Test Run 1 2 3 4 5 6 7 8
Formaldehyde 1.39 1.42 1.44 1.96 2.69 2.92 1.05 3.12
Acetaldehyde | <0.06* <0.05* <0.05* <0.05* <0.13* <0.16* <0.13* <0.12*
Propinaldehyde| <0.06* <0.05* <0.05* <0.05* <0.13* <0.16° <0.13* <0.12*
Acrolein 0.069 0.063 0.057 0.107 0.086 0.100 0.025 0.088
Benzene 0.348 0.363 0.433 0.516 1.999 1.505 0.606 1.824
Toluene 0.133 0.108 0.170 0.195 0.402 0.327 0.075 0.326
m,p-Xylene 0.040 0.027 0.206 0.421 0.059 0.048 0.011 0.034
o-Xylene 0.011 0.009 0.065 0.126 0.020 0.016 0.004 0.015
Ethyl Benzene 0.017 0.013 0.059 0.119 0.043 0.036 0.008 0.034
1,3-butadiene 0.065 0.065 0.075 0.097 0.220 0.194 0.026 0.146
I\?:er:nge 0.006 | 0.024 0.084 0016 | 0008 | 0024 | 0012 0.011

* Sample cacentrations were balv detection, less than values reponéth the laboratory detection limit
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Table 13. Air EmissionRates (g/h), Lover Emissions Heater

Compound Softwood | S0TF% | Hardwood | 2104900 | softwood| 20190 | Hardwood | TGO
Low/Cold . Low/Cold ) High/Hot : High/Hot .
Duplicate Duplicate Duplicate Duplicate
Test Run 9 10 11 12 13 14 15 16
Total Pa,\r/lthG“'ate PM) | 283 3.09 4.92 3.83 231 1.99 217 3.17
Total Particulate (PM) |, 1 ¢ 4.49 6.84 5.46 3.45 3.02 3.26 4.60
M5H-equivalent*
Total Particulate (PM) | = 4, 4.64 6.83 5.55 364 | 323 3.46 4.75
M5H-equivalent
Fine Particulate (Ph), | 2.97 | . 207 | 376 | 334 | 163 | 126 | 226 | 3.52
Percent of Total PM5G) |  105% 90% 76% 87% 71% 63% 104% 111%
Methane 6.43 5.32 10.72 9.94 2.14 1.98 4.36 27.75
(CHjy4, s methane)
Carbon Monoxide (CO)| 152.01 143.69 115.10 116.95 130.64 80.29 220.12 266.68
Nitrogen Oxides
(NOx. as NQ) 0.85 1.29 1.56 1.79 3.48 0.87 4.16 5.28
Total Volatile Organic 12.37 13.97 21.94 17.08 3.01 2.53 9.90 46.06
Compounds [T T T T T T T S T T S e T T T T
(VOC’ as Carbon’ as |---- :!'_6_:_5_(_)_________;'__8_'_6__2_ __________ 2_ _9_'__2_5 _________ _2_2__7__7_ _________ 4_9_]: _________ 3 _'_3__7__________;"_3_'_]_‘9 _________ _GQJ-_-_S_Q____
methane, as heptane)| 103.25 116.54 183.08 142.53 25.13 21.08 82.57 384.28
Non-Methane VOCs | 754 | 968 | 1306 | 937 | 129 | 088 | 6.35 | 21.56
(NMVOC, as carbon,a§  10.05 | 1290 | 1741 | 1249 | 173 | . 117 | 847 | . 28.74
methane, as heptane)| g, g9 80.77 109.00 78.21 10.80 7.35 53.00 179.89
Carbon Dioxide (C©) 3069 3373 3146 3180 7439 7822 6094 7312

*AP-42 conversion: 5H = (1.619) x (5Bf°
**NSPS conversion: 5H = (1.82) x @

"NSPS certification valuef 2.1g/h (certification emission rates aneighted averageof emissions fronfour burn rates witka specific softwood dimensional lumber

fueling protocol)



Table 13 (cont). Air Emission Rates (g/h), Lover Emissions Heater

Softwood Hardwood Softwood Hardwood
Compound Seiee Low/Cold £ EBIEET Low/Cold S_oftwood High/Hot Ha}rdwood High/Hot
Low/Cold . Low/Cold . High/Hot : High/Hot .
Duplicate Duplicate Duplicate Duplicate
Test Run 9 10 11 12 13 14 15 16
Formaldehyde 1.04 0.84 nd 1.33 0.34 0.21 0.45 1.89
Acetaldehyde | <0.10* <0.0% nd <0.0% <0.2% <0.22 <0.18 <0.18&
Propinaldehyde| <0.10* <0.09 nd <0.09% <0.23% <0.22 <0.18 <0.18
Acrolein 0.039 0.026 <0.014* 0.015 <0.006* | <0.006* | <0.006* <0.005*
Benzem 0.355 0.176 0.307 0.387 0.094 0.125 0.380 3.818
Toluene 0.084 0.148 0.145 0.133 0.025 0.031 0.041 0.346
m,p-Xylene 0.021 0.020 0.041 0.032 0.007 0.014 0.007 0.016
o-Xylene 0.006 0.006 0.014 0.011 0.005 0.005 0.004 0.015
Ethyl Benzene 0.010 0.007 0.015 0.014 0.005 0.005 0.006 0.052
1,3-butadiene 0.040 0.027 0.068 0.058 0.009 0.009 0.012 0.098
Methylene | 4007 | 0.020 0.010 0.008 | 0.007 | 0006 | 0009 | 0012
Chloride

ndi no datadue to sampling problem

* Sample concentrations were below detection, lessvalaes reportedith the laboratory detection limit
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Table 14. Air Emission Factors ¢/kg, dry fuel), Higher Emissions Heater

Compound | Softwood | 20 PO | Hardwood | 8TRON | Softwood | SIS | Hardwood | A0S
Low/Cold . Low/Cold . High/Hot : High/Hot :
Duplicate Duplicate Duplicate Duplicate
Test Run 1 2 3 4 5 6 7 8
Total Pal\r/lthG“'ate PM)] g1 6.64 4.81 6.31 253 2.40 0.76 1.44
Total Particulate (PM) |1, g 8.90 6.55 8.34 3.34 3.23 1.14 2.04
M5H-equivalent*
Total Pariculate (PM) |, - 8.62 6.43 7.99 3.20 3.14 1.21 2.06
M5H-equivalent**
Fine Particulate (Pby) | nd | .59 | nd | 551 | nd | . 222 | 062 | 138
Percent of Total PM 90% 87% 92% 82% 96%
Methane 7.63 5.41 6.62 7.90 3.46 3.33 2.27 5.90
(CHy4, as methane)
Carbon Monoide (CO) | 162.30 120.04 95.79 119.09 56.72 69.86 73.86 107.77
Nitrogen Oxides
(NOx. as NQ) 0.77 0.82 0.81 0.97 0.73 0.68 1.20 1.09
Total Volatile Organic | 15.78 11.65 13.16 17.01 8.43 8.76 3.22 9.10
Compounds | T T T T T T T e T
(VOC’ as Carbon’ as _____2_:!'194 _________ ]_' _5_'__5_3 _________ ;I'_?_'_5__5_____ _____2__2_'_6_8_ ________ :!'_]_':_2_4_________]::_“_'_6__8____ ______4'1_2_9 __________ ]_' _2_'_:_"_3____
methane, as heptane) 131.68 97.23 109.82 141.96 70.33 73.08 26.85 75.94
Non-Methane VOCs | ___. 9.73 | 135 | 782 | 1058 | 563 | 606 | 153 | 510
(NMVOC, as carbon,ay  12.97 | 9.80 | 1042 | 1410 | - 791 | 808 | 204 | 680
methane, as heptane) g 19 6135 65.21 88.24 47.01 50.61 12.79 42.57
Carbon Dioxide (C©) 1907 1907 1840 1840 1907 1907 1840 1840

*AP-42 conversion: 5H = (1.619) x (5Bf°
**NSPS conversion: 5H = (1.82) x (56¥

nd = no data due to torn filter
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Table 14 (cont.). Air Emission Fators (g/kg, dry fuel), Higher Emissions Heater

Softwood Hardwood Softwood Hardwood
Compound Seiee Low/Cold £ EBIEET Low/Cold Spftwood High/Hot Ha}rdwood High/Hot
Low/Cold . Low/Cold . High/Hot : High/Hot .
Duplicate Duplicate Duplicate Duplicate
Test Run 1 2 3 4 5 6 7 8
Formaldehyde 1.29 1.28 1.13 1.46 0.80 1.00 0.37 1.12
Acetaldehyde | <0.05 <0.05 <0.04 <0.04 <0.04 <0.06" <0.05 <0.04
Propinaldehyde| <0.05* <0.05* <0.04* <0.04* <0.04* <0.06* <0.05* <0.04*
Acrolein 0.064 0.057 0.045 0.080 0.026 0.034 0.009 0.032
Benzene 0.322 0.329 0.341 0.385 0.593 0.516 0.211 0.656
Toluene 0.123 0.098 0.134 0.145 0.119 0.112 0.026 0.117
m,p-Xylene 0.037 0.024 0.162 0.314 0.017 0.017 0.004 0.012
o-Xylene 0.010 0.008 0.052 0.094 0.006 0.006 0.002 0.006
Ethyl Benzne 0.016 0.012 0.046 0.089 0.013 0.012 0.003 0.012
1,3-butadiene 0.060 0.059 0.059 0.072 0.065 0.067 0.009 0.053
Methylene | 4006 | 0.022 0.066 0012 | 0002 | 0008 | 0004 | 0.004
Chloride

* Sample concentrations were below detection, lessvihlares reportedith the laboratory detection limit
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Table 15. Air Emission Factors ¢/kg, dry fuel), Lower Emissions Heater

Softwood Hardwood Softwood Hardwood
Compound LSSJV%%?S Low/Cold Tgwlv(\é?)(l)c? Low/Cold a?fa’}'ggg High/Hot T_ﬁr?‘\?’:gtd High/Hot
Duplicate Duplicate 9 Duplicate 9 Duplicate
Test Run 9 10 11 12 13 14 15 16
Total Pa,\;tgcg'ate (PM) 176 1.75 2.88 2.22 0.59 0.49 0.65 0.80
Total Particulate (PM)  , g 254 4.00 3.16 0.89 0.74 0.98 1.16
M5H-equivalent*
Total Particulate (P, <o 2.62 3.99 3.21 0.93 0.79 1.04 1.19
M5H-equivalent**
Fine Particulate (PMg) | 1.85 | 1.57 | . 220 | 193 | 042 | 031 | 068 | | 0.88 |
Percent of Total PM | 105% 90% 76% 87% 71% 63% 104% 111%
Methane 4.00 3.01 6.27 5.75 0.55 0.48 1.32 6.98
(CHqy4, as methane)
Carbo{‘c'v'c‘)’)”ox'de 96.64 82.54 69.65 70.31 33.50 19.58 66.45 67.09
Nitrogen Oxides
(NOx. as NO) 0.54 0.74 0.94 1.08 0.89 0.87 1.25 1.33
Total Volatile Organic|  7.87 8.02 13.28 10.27 0.77 0.62 2.99 11.59
Compounds | T T T T T T T T T T T T
(VOC, as carbon, as|--- 1049 . 10.69 | 1770 | 1369 | 103 | 082 | - 398 | . 1545 |
methane, as heptane|  65.65 66.94 110.78 85.69 6.44 5.14 24.93 96.68
Non-Methane VOCs | . _4-_(_3_5_3 ___________ 5_-_4_7_ ___________ 7_-_5_4_' ____________ 5 :_Af_z_ __________ 9::_)’_?_’ __________ 9:?} __________ 1 :9__2 ____________ 5_ _.4__2 ______
(NMVOC, as carbon,| 625 | 730 | 1018 | 723 . 044 | 029 | . 256 | 7.23 |
as methane, as heptar) 59 g 45.68 63.74 45.25 2.77 1.79 16.00 45.26
Carbon Dioxide (C@) 1907 1907 1840 1840 1907 1907 1840 1840
*AP-42 conversion: 5H = (1.619) x (56§

*NSPS conversion: 5H = (1.82) x (56
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Table 15 (cont.). Air Emission Factorsd/kg, dry fuel), Lower Emissions Heater

Softwood Hardwood Softwood Hardwood
Compound Seiee Low/Cold £ EBIEET Low/Cold Spftwood High/Hot Ha}rdwood High/Hot
Low/Cold . Low/Cold . High/Hot : High/Hot .
Duplicate Duplicate Duplicate Duplicate
Test Run 9 10 11 12 13 14 15 16
Formaldehyde 0.64 0.47 nd 0.77 0.09 0.05 0.14 0.48
Acetaldehyde | <0.06* <0.05* nd <0.05* <0.06* <0.05* <0.05* <0.05*
Propinaldehyde 0.06 0.05 nd 0.05 0.06 0.05 0.05 0.05
Acrolein 0.024 0.015 <0.008* 0.009 <0.002* | <0.001* | <0.00Z <0.00%
Benzene 0.221 0.099 0.180 0.224 0.024 0.030 0.115 0.961
Toluene 0.052 0.083 0.085 0.077 0.006 0.008 0.012 0.087
m,p-Xylene 0.013 0.011 0.024 0.019 0.002 0.003 0.002 0.004
0-Xylene 0.004 0.003 0.008 0.007 0.001 0.001 0.001 0.004
Ethyl Benzene | 0.006 0.004 0.009 0.008 0.001 0.001 0.002 0.013
1,3-butadiene 0.025 0.015 0.040 0.034 0.002 0.002 0.004 0.025
Methylene | 0004 | 0011 | 0006 | 0005 | 0002 | 0001 | 0003 | 0.003
Chloride

ndi no datadue to sampling problem

* Sample concentrations were below detection, lessvalaes reportedith the laloratory detection limit
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