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Standard Test Method for
Determining Particulate Matter Emissions from Wood

1

Heaters
This standard is issued under the fixed designation E2780; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the fueling and operating
protocol for determining particulate matter emissions from
wood fires in wood-burning room heaters and fireplace inserts
as well as determining heat output and efficiency.

1.2 The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for information
only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:*

E631 Terminology of Building Constructions

E2515 Test Method for Determination of Particulate Matter
Emissions Collected by a Dilution Tunnel

2.2 Other Standards:

ANSI/UL-103 Standard for Chimneys, Factory-Built, Resi-
dential Type and Building Heating Appliance

CSA B415.1 Performance Testing of Solid-Fuel-Burning
Heating Appliances

3. Terminology

3.1 Definitions—Terms used in this test method are defined
in Terminology E631.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 burn rate, n—the rate at which test fuel is consumed in
a wood heater. Measured in kilograms (Ib) (dry basis) per hour.
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3.2.2 combustion air control, n—an air control device that
regulates air to the wood heater that is primarily intended
promote pyrolysis of the fuel load.

3.2.3 Douglas fir, n—untreated, standard, or better grade
Douglas fir lumber with agency grade stamp: D. Fir or Douglas
Fir.

3.2.4 firebox, n—the chamber in the wood heater in which
the test fuel charge is placed and combusted.

3.2.5 fuel piece, n—2 x 4 or 4 x 4 wood pieces used to
construct test fuel cribs and referring to the nominal width and
depth dimensions for commonly available dimensional lumber.
The actual dimensions are 38 x 89 mm (12 x 3% in.) and 89
x 89 mm (32 x 3% in.).

3.2.6 fuel piece length, n—the length of fuel pieces used to
construct the test fuel crib measured in mm (in.).

3.2.7 firebox height, n—unless otherwise specified in the
manufacturer’s written instructions included with the heater,
firebox height is the vertical distance extending above the
loading door, if fuel could reasonably occupy that space, but
not more than 2 inches above the top (peak height) of the
loading door, to the floor of the firebox (i.e., below a permanent
grate) if the grate allows a I-inch diameter piece of wood to
pass through the grate, or, if not, to the top of the grate. Firebox
height is not necessarily uniform but must account for varia-
tions caused by internal baffles, air channels, or other perma-
nent obstructions. A visible indicator or landmark within the
firebox that will provide a clear indication to the heater user of
the maximum height that fuel should be loaded, and is
specifically referenced in the manufacturer’s written
instructions, may be used to determine firebox height for the
purposes of calculating usable firebox volume.

3.2.8 firebox length, n—the longest horizontal fire chamber
dimension where fuel pieces might reasonably be expected to
be placed in accordance with the manufacturer’s written
instructions that is parallel to a wall of the chamber.

3.2.9 firebox width, n—the shortest horizontal fire chamber
dimension where fuel pieces might reasonably be expected to
be placed in accordance with the manufacturer’s written
instructions that is parallel to a wall of the chamber.
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3.2.10 kindling, n—wood pieces used to initiate combustion
of the pre-burn fuel. Kindling may be ignited using crumpled
newspaper.

3.2.11 manufacturer’s written instructions, n—specific in-
formation regarding the fueling and operation procedures
recommended by the heater manufacturer and included with
the heater. These instructions must be consistent with informa-
tion provided to the heater end-user in the owner’s manual or
equivalent.

3.2.12 owner’s manual, n—written information provided to
the heater end-user regarding the installation and recom-
mended fueling and operating procedures that will help the
heater user to achieve the best heater performance. It is also
referred as the installation and operation guide or other
equivalent title.

3.2.13 particulate matter (PM), n—all gas-borne matter
resulting from combustion of solid fuel, as specified in this test
method, which is collected in accordance with Test Method
E2515.

3.2.14 pre-burn fuel, n—wood pieces used to pre-heat the
wood heater and establish a charcoal bed prior to the test run.

3.2.15 secondary combustion air control, n—an air control
device that regulates air to the wood heater that is primarily
intended to provide the additional oxygen needed to promote
secondary combustion of the combustible materials released
during pyrolysis of the fuel load.

3.2.16 test facility, n—the area in which the wood heater is
installed, operated, and sampled for emissions.

3.2.17 test fuel crib, n—the arrangement of the test fuel
pieces and test fuel spacers.

3.2.18 test fuel density, n—the dry basis density of the test
fuel pieces that comprise the test fuel crib.

3.2.19 test fuel loading density, n—the weight of the as-fired
test fuel crib per unit volume of usable firebox.

3.2.20 test fuel pieces, n—the individual fuel pieces (nomi-
nal 2 x 4 and 4 x 4 dimensional lumber) that comprise the test
fuel crib.

3.2.21 test fuel spacers, n—wood pieces used to space fuel
pieces apart in the test fuel crib. Their function is to provide
reproducible fuel crib geometry and air spaces between fuel
pieces.

3.2.22 test run, n—an individual emission test which en-
compasses the time required to consume the mass of the test
fuel crib.

3.2.23 test series, n—a group of test runs on the same wood
heater.

3.2.24 usable firebox volume, n—the volume of the firebox
determined using its height, length, and width as defined in this
section.

3.2.25 wood heater, n—an enclosed, wood burning appli-
ance capable of and intended for space heating and/or domestic
water heating.

4. Summary of Test Method

4.1 This test method is used in conjunction with Test
Method E2515. The wood heater under evaluation is fueled
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with kindling, pre-burn fuel and a test fuel load. Each test run
is a hot-to-hot cycle. Individual test runs are conducted at burn
rates ranging from low to maximum burn rates. The fuel load
configuration is determined based on the usable firebox volume
of the heater plus the firebox dimensions and geometry.
Kindling and crumpled newspaper are used to ignite a pre-burn
fuel load(s) that is burned to heat the wood heater to normal
operating temperature and to establish a charcoal bed. The test
fuel load is placed on the charcoal bed and given time to ignite
before the air control(s) is (are) set to the test run condition.
When the full weight of the test fuel load has been burned, the
test run is terminated. Burn rate is determined based on the
weight of the test fuel load divided by the length of test run and
corrected to a dry fuel basis. Particulate sampling begins before
the test fuel load is added and stops when the test run
terminates. The total particulate emissions are determined over
the test run length. The particulate emissions rate is then
determined from the total particulate emissions divided by the
length of the test run and is reported in grams of particulate per
hour. The particulate emission factor may also be determined
from the total particulate emissions divided by the dry basis
weight of the test fuel load and is reported in grams of
particulate per dry kilogram of fuel. This test method may also
be used in conjunction with CSA B415.1 for determining heat
output and efficiency. If heat output is determined, particulate
emissions per unit of heat delivered may also be calculated and
is reported in grams of particulate per megajoule.

5. Significance and Use

5.1 This test method is used for determining emission rates
and emission factors for wood heaters.

5.1.1 The emission factor is useful for determining emission
performance during product development.

5.1.2 The emission factor is useful for the air quality
regulatory community for determining compliance with emis-
sion performance limits.

5.1.3 The emission rate may be useful for the air quality
regulatory community for determining impacts on air quality
from wood heaters.

5.2 The reporting units are grams of particulate per hour,
grams of particulate per kilogram of dry fuel and grams of
particulate per megajoule of heat output.

5.2.1 Appropriate reporting units for comparing emissions
from all types of solid fuel fired appliances: g/kg.

5.2.2 Appropriate reporting units for predicting atmospheric
emission impacts: g/h or g/MJ.

5.3 The fuel load specified in this test method is a lumber
crib of uniform dimensions, identical to that specified in EPA
Method 28. Cribs were specified in EPA Method 28 to provide
a reproducible and repeatable test method. In normal operation
the majority of fuel used by consumers is cordwood with
irregular shapes and dimensions. Very little data exists to
indicate whether or not the fuel cribs specified in this standard
yield results that are predictive of performance using cordwood
fuel. This standard, therefore, includes Annex Al which
provides a fueling procedure using cordwood. It is provided so
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cordwood will have a consistent method to follow. A compara-
tive database using the two fueling procedures will provide
data to determine whether test results using crib fuel correlate
to test results using cordwood fuel.

6. Safety

6.1 Disclaimer—This test method may involve hazardous
materials, operations, and equipment. This test method may not
address all of the safety problems associated with its use. It is
the responsibility of the user of this test method to establish
appropriate safety and health practices and to determine the
applicability of regulatory limitations prior to performing this
test method.

7. Equipment and Supplies

7.1 Wood Moisture Meter—Calibrated electrical resistance
meter capable of measuring test fuel moisture to within 1 %
moisture content. Must meet the calibration requirements
specified in 8.1.

7.2 Test Fuel Scale—A scale capable of weighing test fuel to
within 0.005 kg (0.01 1b). Must meet the calibration require-
ments specified in 8.3.

7.3 Platform Scale—A scale capable of weighing the test
wood heater and attached chimney, including the weight of the
test fuel, to within 0.05 kg (0.1 1Ib). Must meet the calibration
requirements specified in 8.2.

7.4 Wood heater Flue Gas Temperature Measurement
Device—A 3.2 mm (0.125 in.) diameter sheathed, non-isolated
junction Type K thermocouple capable of measuring flue gas
temperature with an accuracy of 2.2°C (4.0°F) or 0.75 % of the
reading, whichever is greater. Must meet calibration require-
ments specified in 8.4.

7.5 Wood Heater Surface Temperature Measuring
Device—A temperature sensor capable of measuring surface
temperatures with an accuracy of 2.2°C (4.0°F) or 0.75 % of
the reading, whichever is greater. Must meet calibration
requirements specified in 8.4.

7.6 Catalytic Combustor Exit Temperature Measuring
Device—A temperature sensor capable of measuring the tem-
perature of the gases exiting the catalytic combustor in a
catalyst equipped heater with an accuracy of 2.2°C (4.0°F) or
0.75 % of the reading, whichever is greater. Must meet
calibration requirements specified in 8.4.

7.7 Insulated Solid Pack Chimney—Chimney used for in-
stallation of wood heater in the test facility. Solid pack
insulated chimneys shall have a minimum of 2.5 cm (1 in.)
solid pack insulating material surrounding the entire flue and
possess a label demonstrating conformance to ANSI/UL-103,
Standard for Chimneys, Factory-Built, Residential Type and
Building Heating Appliance.

8. Calibration and Standardization

8.1 Wood Moisture Meter—Calibrate as in accordance with
the manufacturer’s instructions before each certification test.

8.2 Platform Scale—Perform a multipoint calibration (at
least five points spanning the operational range) of the platform
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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 test wood heater in place by
weighing at least one calibration weight (ASTM Class F) that
corresponds to between 20 and 80 % of the expected test fuel
charge weight. If the scale cannot reproduce the value of the
calibration weight within 0.05 kg (0.1 Ib) or 1 % of the
expected test fuel charge weight, whichever is greater, recali-
brate the scale before use with at least five calibration weights
spanning the operational range of the scale.

8.3 Test Fuel Scale—Perform a multipoint calibration (at
least five points spanning the operational range) of the test fuel
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 (ASTM Class F) that corre-
sponds to between 20 and 80 % of the expected test fuel charge
weight. If the scale cannot reproduce the value of the calibra-
tion weight within 0.005 kg (0.01 Ib) or 1 % 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.

8.4 Temperature Sensors—Temperature measuring equip-
ment shall be calibrated before initial use and at least semi-
annually thereafter. Calibrations shall be in compliance with
National Institute of Standards and Technology (NIST) Mono-
graph 175, Standard Limits of Error.

9. Procedure

9.1 Pre-conditioning of the Wood Heater—The wood heater
must be pre-conditioned before a test series begins.

9.1.1 Set up the wood heater in accordance with instructions
provided by the manufacturer. The total height of chimney
when measured from the floor or top of the platform scale shall
be 4.6 = 0.3 m (15 £ 1 ft).

9.1.2 Install a flue-gas temperature measurement device at
the center of the flue, 2.6 £ 0.15 m (8.5 = 0.5 ft) above the
floor or top of the platform scale. For catalyst-equipped
heaters, install a catalytic combustor exit temperature measure-
ment device at the centroid of the catalytic combustor exit face
and within 25 mm (1 in.) downstream of the catalytic combus-
tor exit face.

9.1.3 Operate the wood heater for at least 48 hours at a
medium burn rate as defined in 9.5.1 using fuel meeting the
specifications in 9.4 or with any type of untreated wood with a
moisture content between 15 and 25 % wet basis. The hours of
operation do not need to be continuous.

9.1.4 Record the time and weight for all fuel added.

9.1.5 Record the flue-gas temperature at least once during
each hour of operation.

9.1.6 For catalyst-equipped wood heaters, record the hourly
catalytic combustor exit temperature.

9.1.7 Allow the wood heater to cool to room temperature
and remove all unburned wood, charcoal, ash, or other debris
from the firebox.

9.1.8 Clean the chimney using a standard chimney brush

appropriately sized for the chimney. DOCUMeENtS
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9.2 Install the wood heater in the test facility.

9.2.1 Set up the wood heater in accordance with instructions
provided by the manufacturer. Place the wood heater centrally
on the platform scale. The venting shall consist of single wall
pipe extending to 2.4 = 0.1 m (8 = 0.3 ft) above the top of the
platform scale, and above this level, insulated solid pack type
chimney extending to 4.6 = 0.3 m (15 = 1 ft) above the
platform scale, and of the size specified by the wood heater
manufacturer. This applies to both freestanding and fireplace
insert type wood heaters. Do not install a chimney cap.

9.2.1.1 Other chimney types (e.g., solid pack insulated pipe)
may be used in place of the steel flue pipe if the wood heater
manufacturer’s written appliance specifications require such
chimney for home installation.

Note 1—The chimney that is used for testing should be documented in
the test data and test report.

9.2.2 Locate wood heater surface temperature measuring
devices at five locations on the wood heater firebox exterior
surface. Position the temperature monitors centrally on the top
surface, on two sidewall surfaces, and on the bottom and back
surfaces. Position the monitor sensing tip on the firebox
exterior surface inside of any heat shield, air circulation walls,
or other wall or shield separated from the firebox exterior
surface.

9.2.3 Center the flue outlet (chimney) under the dilution
tunnel hood. Refer to Test Method E2515 for specific require-
ments including positioning the flue outlet to meet induced
draft and smoke capture requirements.

9.2.4 Install a flue-gas temperature measurement device at
the center of the flue, 2.6 = 0.15 m (8.5 = 0.5 ft) above the top
of the platform scale.

9.3 Usable Firebox Volume Determination:

9.3.1 Determine the firebox volume using the definitions for
firebox height, width, and length in Section 3. Follow the
manufacturer’s written instructions that are included with the
wood heater for specific recommendations to consumers for
where fuel should or should not be placed in the firebox when
determining usable firebox volume.

9.3.1.1 In the absence of specific written instructions re-
garding the placement of fuel in the firebox, take into account
reasonable consumer loading practices. Guidelines for usable
firebox volume adjustments due to the presence of firebrick and
other permanent fixtures are as follows:

(1) Adjust width and length dimensions to extend to the
metal wall of the wood heater above the firebrick or permanent
obstruction if the firebrick or obstruction extending the length
of the side(s) or back wall extends less than one third of the
usable firebox height. Use the width or length dimensions
inside the firebrick if the firebrick extends more than one third
of the usable firebox height.

(2) If a log retainer or grate is a permanent fixture and the
manufacturer recommends that no fuel be placed outside the
retainer, the area outside of the retainer is excluded from the
firebox volume calculations.

(3) Include areas adjacent to and above a baffle (up to two
inches above the fuel loading opening) if four inches or more
horizontal space exist between the edge of the baffle and a
vertical obstruction (e.g., sidewalls or air channels).
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9.4 Fuel:

9.4.1 Fuel Properties:

9.4.1.1 Fuel Species—The fuel is untreated, standard, or
better grade certified Douglas fir lumber.

9.4.1.2 Fuel Moisture—The fuel moisture shall be measured
using a fuel moisture meter as specified in 7.1. Moisture shall
not be added to previously dried fuel pieces except by storage
under high humidity conditions and temperature up to 100°F.
Fuel moisture shall be measured within four hours of using the
fuel for a test.

Note 2—It has been found that to maintain fuel within the allowable
moisture content range storage at a relative humidity of 95 % or higher
and temperature of 90 to 100°F is necessary. In addition, storage at these
conditions for a period of several weeks results in relatively uniform
moisture content throughout the fuel pieces and thus improves the
accuracy of the moisture content measurement.

(1) Test Fuel Piece Moisture—The average fuel moisture
for each test fuel piece used to construct the test fuel cribs
(excluding test fuel spacers) shall be between 19 and 25 % dry
basis. Kiln-dried lumber is not permitted. Determine the fuel
moisture for each test fuel piece used for the test fuel crib by
averaging at least three fuel moisture meter readings, one from
each of three sides, measured parallel to the wood grain. If an
electrical resistance type fuel moisture meter is used, penetra-
tion of insulated electrodes shall be Y4 the thickness of the fuel
piece or 19 mm (¥ in.), whichever is greater.

(2) Test Fuel Spacer Moisture—Determine fuel moisture
for each test fuel spacer. One moisture meter reading from each
spacer, measured parallel to the wood grain is sufficient. If an
electrical resistance type fuel moisture meter is used, penetra-
tion of insulated electrodes shall be "4 the thickness of the
spacers. Average all the readings for all the test fuel spacers to
determine the average test fuel spacer moisture.

9.4.1.3 Test Fuel Density—The average test fuel density, dry
basis, shall be in the range of 401 to 578 kg/m? (25 to 36 Ib/ft’)
for the test fuel cribs. Nails and test fuel spacers are excluded
from the density determinations. Determine the total volume of
the fuel pieces that comprise the test fuel crib. Use the wet
basis weight and the arithmetically averaged dry basis moisture
content to determine the dry basis weight for the individual fuel
pieces. Determine dry basis weight for the test fuel pieces that
comprise the test fuel crib (excluding nails and spacers) by
summing the dry basis weight of the individual fuel pieces that
comprise the crib. Divide the dry basis weight by the volume
to determine the density.

9.4.1.4 Fuel Temperature—The test fuel temperature shall
be within the allowable test facility temperature range as in
accordance with Test Method E2515. The fuel temperature
may be determined by measuring the temperature of the room
where the test fuel has been stored for at least 24 hours prior to
the fuel moisture determination.

9.4.1.5 The test fuel crib loading density shall be 112 = 11.2
kg/m® (7 + 0.7 Ib/ft>) of usable firebox volume on a wet basis.

9.4.1.6 Fuel Dimensions—The cross-sectional dimensions
of each test fuel piece shall conform to the nominal measure-
ments of 2 x 4 and 4 x 4 lumber. Each test fuel piece (not
including spacers) shall be of equal length, except as provided
in 9.4.1.10, and shall closely approximate ¥ the dimensions of
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