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ABSTRACT

This report resulted from a literature search of 53 reports covering
woodstove design, operating conditions, emissions, testing hethods, and
ambient air impacts. The woodstoves studied varied in design from
simple to complex and included controlled (catalytic) and uncontrolled
woodstoves. The primary considerations in operating conditions were
that the stoves studied burned primarily cord wood. The results of the
tests were segregated according to the type of wood utilized, the percent
moisture in the wood as tested, the burn rate of the wood in kg/hr, the
stage of burning which was tested, and the length of the test. In
addition to the operating conditions, the emissions were qualified by
the test method which was performed, the firebox temperature, and the
stack temperature. Emission parameters studied included particulate
matter (PM), carbon monoxide (C0), nitrogen oxides (NOX), hydro-
carbons (HC), and polycyclic organic material (POM), especially
benzo-a-pyrene (BAP). This report includes ambient air impact surveys
at various locations in the United States. Most ambient studies were
concerned with the particulate matter and hydrocarbon impacts but a few
looked at relating these impacts back to the sources.
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1. INTRODUCTION

Radian Corporation has concluded a literature search of available
data on woodstove emissions. In the computer search of varidus libraries
of information, 239 citations were identified through the use of a key
word listing which was primarily for residential wood combustion emissions
and their impact. Approximately half of these were unique citations and
of that number, 53 were chosen as applicable to this study. A compu-
terized abstract of the 53 citations are contained in the appendix. The
key word listing is located in the Appendix. The citations and literature
studies came from all sectors of industry and government. To date,
there has been no one agency or association, which has coordinated all
of the work which has preceded this study. The result was that the
information was mostly piecemeal as to its content, purpose and methods
utilized.

The report discusses the various aspects of Residential Wood
Combustion (RWC). Section 2.0 presents the summary and conclusions of
this literature review. Section 3.0 summarizes the various emission
ranges for the pollutants. Since the methods, stoves, wood burned, and
conditions vary from citation to citation, this section is only concerned
with overall trends. Section 4.0 is a review of some of the literature
derived from ambient air studies of various air sheds and also discusses
the tracer compounds or methods that have been utilized to link ambient
samples to woodstove emissions. Sampling and analytical methods employed
in the testing of stoves and ambient studies are discussed in Section 5.0.
Section 6.0 is titled Alternative Design Approaches to Residential Wood
Burning Appliances.



1.1 BACKGROUND

The use of wood for residential heating, while aesthetically pleasing
and economically attractive, may carry a potential for adverse health
effects to large segments of the population. The impact of RWC on
ambient particulate emissions is especially noticeable because the plume
impacts the ground very near the source. In addition, the areas of
highest RWC emission density often coincide with the areas of maximum
population density and the majority of the RWC particulate emissions are
within the size range deposited within the lungs. RWC ehissions are
relatively rich in carcinogenic organics, toxic pollutants and respiratory
irritants. For all of these reasons, wood smoke represents a problem
that is of growing public concern.

The chemical products formed during wood combustion have recently
been shown to contain 17 priority pollutants, 14 carcinogenic compounds
and 6 toxic or mucus coagulating agents which, when considered in addition
to toxic gaseous emissions and respiratory irritants, collectively
represent a potential health risk.

RWC emissions are becoming increasingly important as a major
contributor to violations of current particulate air quality standards
and are implicated in issues related to visibility reduction, odors and
public health. New attention being focused on the adoption of an
Inhalable Particulate National Ambient Air Quality Standard has also
caused concern about the RWC impact on 24-hour particulate standard
attainment. The continuing economic pressures to expand the use of wood
and coal for residential heating, and the limited regulatory pressures
restricting the use of wood, may cause additional concern about the
impact of RWC emissions on public health, aesthetics and the future
"livability" of many commum’ties.1
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2. SUMMARY

This report resulted from a literature search of 53 reports covering
woodstove design, operating conditions, emissions, testing methods, and
ambient air impacts. The woodstoves studied varied in design from
simple to complex and included both controlled (catalytic) and uncon-
trolled woodstoves. The stoves studied burned primarily cord wood. The
results of the tests were segregated according to the type of wood
utilized, the percent moisture in the wood as tested, the burn rate of
the wood in kg/hr, the stage of burning which was tested, and the length
of the test. In addition to the operating conditions, the emissions
were qualified by the test method which was performed, the firebox
temperature, and the stack temperature. Emission parameters studied
included particulate matter (PM), carbon monoxide (CO), nitrogen
oxides (NOX), hydrocarbons (HC), and polycyclic organic material (POM),
especially benzo-a-pyrene (BAP). This report includes ambient air
impact surveys at various locations in the United States. Most ambient
studies were concerned with the particulate matter and hydrocarbon
impacts but a few looked at relating these impacts back to the sources.

The test methodologies used for both the source testing of wood-
stoves and for the ambient impacf varied from study to study. As a
result, few conclusions or trends could be drawn from the combined
studies. Conclusions and trends are seen within each study although the
reader must exercise caution as to the test method and the test conditions
utilized to achieve these conclusions. An overview of the testing
methods and analytical techniques is presented in this report with no
conclusions or recommendations made. The individual studies selected a
test method which best suited their needs for the data. There is no
standard method of sampling and analysis for woodstove emissions. ASTM
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is working on a standard for sampling and analysis. Also, there is no
standard set of conditions for the operation of the woodstoves, although
guidelines are available.

Since the widespread use of woodstoves is a recent reoccurrence,
the use of controls on them is still somewhat rare. The studies that
evaluated control devices (i.e., catalytic, secondary combustion, or
modified combustion) all reported variable decreases in emissions relative
to standard stoves. No control devices appeared to dramatically reduce

emissions under all conditions.
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3. CHARACTERIZATION OF EMISSIONS
FROM RESIDENTIAL WOOD COMBUSTION

Numerous studies have been conducted which characterize emissions
from residential wood combustion appliances. The goals and objectives
of these investigations vary considerably and consequently the resulting
emission characterizations also show considerable variation. For example,
different emission test methods have been used to develop emission
factors for a number of stove types using wide ranges of operating
conditions and a diversity of fuel types. Test conditions have not been
well defined and consequently, reproducible and comparable data have not
been produced.

3.1 DATA BANK COMPILATION ANALYSIS

Emission measurements and test conditions reported in 13 studies
were compiled into a data bank and used as the basis for the data analyses
performed (see Table 3-1). The 13 studies selected were those that
reported detailed information about test conditions, emission measurements,
and stove operating parameters. From each of the chosen studies,
measurements conducted during individual test runs were included in the
data bank rather than overall summaries or averages {(for the purpose of
identifying overall emission trends.) A listing of each data source .
along with an assigned study code is presented in Table 3-2. The assigned
study code provides a quick reference back to the original source of the
data and identifies the test run.

The data retrieved from each of the studies may be categorized as
either "Emission Measurement data" or "Test Condition data." A1l of the
data is presented on a wet basis. Emission measurement data include
particulate matter (PM), carbon monoxide (CO), nitrogen oxides (NOX),
hydrocarbons (HC), and polycyclic organic matter (POM). Except for POM,
all emission parameter values are expressed as grams of pollutant per
kilogram of wood burned. In the case of POM, the emission value is
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Table 3-1. WOODSTOVE DATA (AIRTIGHT STOVES)
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M1=80~1 B MMS O 5 8.4 307 A 83 3.00 110 0.40 0.21
M1-80-1 B MMS O 28 6.6 300 A 83 2,50 120 0.70
M1-80=~3 B MMS P 28 7.2 247 A 83 7.00 220 0.80
M1-80-4 B MMS5 P 5 7.8 378 A 83 3.90 270 0.50
M1-80-5 NB MM5 O 5 6.0 384 A 83 2.50 370 0.40 0.19
M1-80-6 NB MMS O 28 6.6 240 A 83 1.80 91 0.50
M1-80=7 NB MM5 P 5 7.2 304 A 83 2.00 150 0.20
M1-80-8 NB MMS P 28 7.8 305 A 83 6.30 97 0.40 0.32
RT1-83=1 N8 MMS O 1T 4.5 515 286 C 0.50 29 0.69 4.9
RTI=-83=-2 NB MMS O 11 4.0 537 248 C ~ 0.80 44 0.82 6.5
DG-82-1 NB M7 DF 21 2.4 267 129 A 275 22.00 190 13.8
DG-82-2 NB M7 DF 12 2.7 283 158 A 250 54,00 189 16.9
DG-82-3 NB M7 DF 56 4.7 346 172 A 181 34,00 160 10.5
0G-82-4 NB M7 Df 12 9.2 357 284 8 35 40.00 210 11.9
DG-82=~5 NB M7 DF 12 3.0 298 148 A 208 62.00 220 12.1
0G-82-6 NB M7 DF 19 7.2 314 205 8B 46 42.00 170 9.2
DG=-82-7 NB M7 OF 20 3.6 322 189 A 198 19.00 160 8.8
DG-82-8 N8 M7 DF 56 4.5 243 146 B 155 24.00 190 1.1
0G-82-9 NB M7 DF 56 3.8 315 183 A 189 22.00 110 6.6
0DG-82-10 C-R M7 OF 19 2.6 317 143 A 299 22.00 110 8.0
DG-82-11 C-R M7 DF 19 3.2 315 178 A 223 17.00 90 6.2
0G-82-12 O M7 DF 19 3.0 301 129 A 255 38.00 200 11.8
0G-82-13 O M7 DF 19 2.7 289 122 A 270 35.00 160 9.3
0G~-82-14 CAT M7 DF ~ 17 2.1 320 118 A 209 38.00 120 10.7
DG-82-15 CAT M7 OF 20 2.8 435 162 A 150 23.00 50 7.3
0G-82-16 O M7 OF 19 3.7 33 191 A 120 14.00 80 3.9
0G6-82-17 O M7 OF 20 2.6 255 110 A 175 30.00 150 5.8
DG-82-18 CER M7 DF 16 7.7 826 415 A 61 1.00 20 0.4
0G-82-19 CER "7 DF 20 4.9 646 318 A 99 2.00 50 0.6
CCRL-81-1 B SM 16 1.2 44 B 165 39.0
CCRL-81-2 B SM 16 1.8 67 B 140 33.0
CCRL-81-3 B SM 16 3.7 150 B 108 25.0
CCRL-81-4 NB SM 16 2.4 122 B 184 43.0
CCRL~81-5 NB SM 16 2.5 124 B 29 30.0
CCRL-81~6 B SM 16 1.5 122 B 87 20.0
CCRL-81-7 NB SM 16 4.0 223 B8 116 27.0
CCRL-81-8 NB SM 16 4.1 139 8 153 36.0
CCRL-81-9 8 SM 16 4.5 117 8 169 40,0
M2-81=-1 NB MMS O 5 6.8 269 A 8.70 273
M2-81=2 NB MMS O 5 7.4 249 A 8.10 270
Bt1-81-1 8 MMS O A 420 112
B1-81-2 8 MMS 0 A 63 12.0
B1-81-3 B MM5 O 360 A 100 15.0
Bi1-81-4 8 MM5 O A 190 28.0 0.03
B1-81-5 B MM5 P A 40 9.0 0.04
B1-81-6 8 MM5 0 A 67 56.0
B1-81=-7 8 MMS O A 67 56.0
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Table 3-1. Continued
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B1-81-8 B MMS 0O A 59 5.0
B1=-81-9 B MM5 0 A 61 7.0 0.05
B1-81-10 N8B MM5 0O A
B1-81=-11 NB MMS 0O A
B1-81-12 NB MM5 0O A '
B1-81-13 NB MMS O 6.5 A 220 34.0
B1-81-14 NB MM5 0 7.5 A 280 32.0 0.01
B1=-81~15 NB MMS O 9.5 A 170 34.0
B1-81-16 NB MM5 0 12.3 A 400 42.0
B1-81-17 NB MMS 0O 14,4 A 200 33.0
B1-81-18 0 MMS 0 10.9 A 25 5.0 0.01
B1-81-19 0 MM5 O 9.9 A 30 2.0
0-81-1 0 M7 OF 32 16.4 54 A 3.90
0-81=2 0 M7 OF 33 10.5 90 A 3,40
0-81=3 8 M7 oF 36 4.7 129 A 18.80
0-81-4 8 M7 OF 36 5.8 127 A 10.00
0~81=5 CAT M7  OF 16 2.6 155 A 21.40
0-81-6 CAT M7 DF 18 1.8 125 A 29.30
0-81=7 B8 M7  OF 19 4.5 177 A 31,00
0~81-8 8 M7 OF 17 4.5 157 A 20.00
0-81=9 NB/O M7  DF 14 3.8 379 254 A 23.90
. 0-81-10 NB/O M7 OF 14 1.6 243 124 A 50.60
0-81«11 NB/O M7  DOF 15 4.2 159 257 A 9.60
0-81-12 NB/O M7 OF 14 1,5 229 104 A 74.30
0-81-13 NB/O M7 OF 14 3,6 404 232 A 23.30
OM1-83-1 NB M7 OF 16 3.3 123 A 14,20
OM1-83-2 N8B M7 OF 16 3.4 128 A 15,50
0OM1-83-3 C(C-R M7 OF 16 3.4 135 A 8.00
0M1-83-4 =R M7 OF 16 3.4 134 A 6.00
OM2-84-1 M7 DF 16 1.2 111 A 115 17,10 157 35.2
0M2-84=-2 | M7  DF 19 1,0 90 A 130 24,40 153 20.2
0M2-84-3 M7 OF 29 0.7 68 A 205 22.00 174 52.3
0M2-84-4 J M7 DF 19 2.5 243 A 55 1.40 21 61.3
0M2-84-5 J M7 DF 20 1.5 182 A 90 4,50 40 59.5
OM2-84-56 J M7 OF 18 1.4 132 A 100 12.60 130 84.8
oM2-84-7 4 M7 DF 19 0.7 88 A 170 3.90 194 45.9
OM2-84-8 0 DiL DOF 16 1.2 11 A 115 13.30 157 35.2
0M2-84-9 0 DIL OF 19 1.0 90 A 130 21,90 153 20.2
0M2-84-10 0 DIL DOF 19 0.7 68 A 205 14,40 174 52.3
0M2-84-11 0 DIL OF 19 2.5 243 A 55 0.50 21 61.3
0M2-84-12 O OIL DF 20 1.5 182 A 90 0.90 40 59.5
0M2-84~13 0 DIL OF 18 1.4 132 A 100 10.40 130 84.8
0M2-84-14 NB M7  DF 17 1.7 118 A 285 22.40 216 63.4
OM2-84-15 NB M7 DF 17 0.8 68 A 615 28.20 298 85.1
0M2-84-16 NB M7 OF 19 1,1 81 A 455 29,40 281 72.2
OM2-84-17 NB M7 OF 19 2.8 221 A 165 7.20 118 62.6
0M2-84-18 NB DIL OF 17 1.7 118 A 285 37.00 216 63.4
0M2-84-19 NB DIL OF 17 0.8 68 A 615 32.40 298 85.1
OM2-84-20 NB DIL DF 19 1.1 81 A 455 44,40 281 72.2
OM2-84-21 NB DIL DOF 19 2.8 221 A 165 3,20 118 62.6
0M2-84=22 CAT M7 DF 19 0.8 73 A 610 5.00 134 55.3
OM2-84~23 CAT M7 DF 19 1.4 104 A 145 7.50 59 77.7
0M2-84-24 CAT M7 OF 17 1.6 111 A 295 6.10 101 73.0
OM2-84-25 CAT M7 DF 19 0.6 54 A 840 3.50 43 44.6
OM2-84-26 CAT OIL DOF 19 0.8 73 A 610 3.60 134 55.3
0M2-84-27 CAT DIL DF 19 1.4 104 A 145 4,20 . 59 77.7



Table 3-1. Continued
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0OM2-84-28 CAT oIL DF 1.6 111 A 295 4,10 101 73.0
0M2-84-29 CAT DiL DF 0.6 54 A 840 6.90 43 44.6
0M2-84-30 CAT M7 Df 1.2 74 A 325 1.50 25 53.8
OM2-84-31 CAT M7 OF 1.0 61 A 430 0.90 42 56.9
0OM2-84-32 CAT M7 DF 0.8 58 A 485 1.10 12 54,9
OM2-84~-33 CAT M7 DF 1.5 98 A 290 1.50 48 65.7
OM2-84-34 NB M7 DF 1.6 119 A 215 18.30. 175 71.6
0OM2-84-35 NB M7 DF 0.9 76 A 395 26.80 299 54,2
OM2-84-36 NB M7 OF 1.0 86 A 345 23.20 238 80.3
OM2-84-37 NB M7 OF 4.3 303 A 85 10.20 115 71.3
0M2-84-38 NB DIL OF 1.6 119 A 215 20.60 175 71.6
0M2-84-39 NB DIL DOF 0.9 76 A 395 '34.80 299 54,2
OM2-84-40 NB pDIL DOF 1.0 86 A 345 30.70 238 80.3
0M2-84-41 NB DIL DOF 4.3 303 A 85 13.20 115 71.3
OM2-84-42 NB M7 DF 1.1 85 A 105 10.60 150 30.2
OM2~-84-43 NB M7 OF 0.7 81 A 160 16.90 192 17.8
0OM2-84-44 NB M7 OF 19 1.5 166 A 72 9.70 88 40.4
OM2-84-45 NB M7 OF 1.7 226 A 63 3.40 66 43.9
OM2-84-46 NB DIL OF 1.1 85 A 105 14,20 150 30.2
OM2-84-47 NB DIL OF 0.7 81 A 160 10.00 192 17.8
OM2-84-48 NB DIL DF 1.5 166 A 72 6.90 88 40,4
0OM2-84-49 NB DIL DOF 1.7 226 A 63 0.60 66 43,9
BE-81-1 NB piIL O 3.0 A 61 3.90 106
8E-81=~2 NB oL O 1.7 A 108 4.30 63
BE-81=-3 NB pDIL O 2.0 A 123 6.40 106
BE-81-4 N8 DIL O 2.2 A 74 3.20 158
BE-81-5 NB DIL © 2.9 A 60 2.60 67
BE=-81-6 NB DIL O 1.7 A 114 3.80
BE-81-7 NB pIL © 2.2 A 24 1.60
3E-81-8 N8B pIL © 2.3 A 67 4,20
8E-81-8 NB DIL H 3.4 A 45 2.40 98
8E-81-8 N8 pIL H 3.1 A 56 2.10
TVYA-83-1 N8 MMS O 10 2.2 A 80.80 102 0.13 1.9
TVA-83-2 NB MMS O 10 2.2 A 97.30 98 0.10 1.6
TVA-83-3 NB MMS O 10 5.8 A 13.60 125 0.18 0.8
TVA-83-4 NB MMS 0 10 5.8 A 3.80 43 0,00 0.2
TVA-83-5 NB MM5 O 10 8.5 A 1.30 44 0.77 0.1
TVA-83-6 NB MMS O 10 8.5 A 1.00 8 0.57 0.1
TVA-83-7 CAT MMS O 10 1.3 A 16.80 28 0.03
TYA-83-8 CAT MMS 0 10 1.3 A 5.10 26 0.85
TVA-83-9 CAT MMS 0 10 2.0 A 6.40 50 0.88 0.2
TVA-83-10 CAT MMS 0 10 2.0 A 2.20 6 2.00 0.1
TVA-83=-11 CAT MMS O 10 2.9 A 2.60 23 0.81 0.1
TVA=-83=-12 CAT MMS O 10 2.9 A 1.40 6 0.76
TVYA-83~-13 C=R MMS O 10 A 16.80 g5 t.01 0.19
TVA-83-14 CAT MMS 0 10 A 6.90 139 0.82 0.2 0.15
TVA=-83-15 0 MM5 O 10 A 1.80 80 1.14 0.1 0.08
B2-81-1A B MM5 O 12 370 A 190 28.0 0.04
B2-81-2A B MMS5 P 310 A 40 9.0 0.05
B2-81-3A NB MM5 0 12 510 A 280 32.0 0.02
B2-81-4A 8 MMS O 12 380 A 59 5.0 0.05
B2-81-5A 0 MM5 0 170 A 25 5.0 0.01
8S=-81-1 NB DIL 0O/SM 2.0 158 137 0 300 8.50
BS-81-2 NB DIL 0O/SM 23 1.7 154 149 D 300 7.80
BS-81-3 NB DIL 0O/SM 2.0 160 132D 300 9.80
BS-81-4 NB DIL O/SM 23 1.7 148 133 0 300
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Table 3-1. Continued
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8S-81-14 NB DIL O/SM 23 1.3 96 104 D 300 10.10
BS-81-15 NB DIL O/SM 23 1.9 97 112 0 300 14,00
BS-81-16 NB DIL 0O/SM 23 1.4 123 102 O 300 11,10
8S-81-17 NB DIL O0/SM 23 3,2 211 209 0D 300 3.20
8S5-81-18 NB DIL 0/SM 23 2.3 163 145 D 300 10.30
BS-81-19 NB DIL 0/SM 23 1.8 154 135 D 300 10.70
BS-81-20 NB DiIL 0O/SM 23 1.6 156 137 D 300 6.10
8S-81-21 NB DIL 0O/SM 19 1.5 145 118 D 300 14,50
BS-81-22 NB DIL O/SM 3 2.3 163 143 D 300 15.00
BS-81-23 NB DIL 0O/SM 23 1.9 154 147 D 300 25.20
BS-81-24 N8B DIL 0/SM 23 1.4 144 136 D 300 5.80
85-81-25 NB DIL 0O/SM 23 1.8 154 198 D 300 9,90
BS~-81-26 NB DIL 0/SM 23 1.8 152 148 D 300 5.30
8S~-81-27 NB DIL 0Q/SM 23 1.0 99 86 0 300 12.30
BS-81-28 NB DIL 0O/SM 23 2.8 203 198 D 300 2.10
BS-81-29 NB DIL 0O/SM 23 1.6 156 138 D 300 12.20
B8S-81-30 NB DIL 0/SM 23 1.9 165 142 0 300 7.60
BS~-81-37 NB DIL 0O/SM 23 1.7 172 136 D 300 9.20
BS-81-32 NB DIL O/SM 23 1.1 92 117 0 300 11,80
BS-81-33 NB DIL 0O/SM 23 2.3 146 193 D 300 10.60
BS-81-34 NB OIL 0/SM 23 3.4 194 267 D 300 2.20
B8S-81-35 NB DIL O/SM 23 1.5 97 126 D 300 10.10
BS~81-36 NB DIL 0/SM 23 2.1 143 214 D 300 7.30
BS-81-37 NB DIL 0O/SM 23 2.8 174 238 D 300 3.10
BS-81-38 NB DIL 0/SM 23 2.3 133 188 D 300 5.10
BS=-81-39 NB DIL O/SM 23 2.3 153 223 0 300 5.80
BS-81-40 NB DL  0/SM 23 3,2 203 297 D 300 1.90
BS~81-41 NB DIL O/SM 23 1.8 119 144 D 300 10.10
BS-81-42 NB DIL 0/SM 23 2.6 158 233 D 300 3.70
BS-81-43 NB DIL 0/SM 23 3.2 202 258 D 300 2.40
BS=-81=-44 NB DIL 0O/SM 23 1.6 96 134 D 300 7.70
BS-81-45 NB DIL 0O/SM 23 2.7 150 205 O 300 3.70
BS-81-46 NB DIL 0O/SM 23 2.3 208 242 D 300 2.50
8S=81-47 NB DIL O/SM 23 2.4 147 162 D 300 4,00
BS-81-48 NB DIL 0O/SM 23. 2.0 94 148 O 300 8.50
BS-81-49 NB DIL 0O/SM 23 2.9 196 256 D 300 2.10
BS-81=-50 NB DiIL O/SM 23 2.4 153 176 O 300 3.40
BS=-81-51 NB DIL 0O/SM 23 1.7 150 179 D 300 3.20
BS-81-52 NB DIL 0O/SM 23 1.3 161 192 0D 300 8.00
BS-81-53 NB DIL 0/SM 23 2.8 139 D 300 4,00
BS-81-54 B DIL 0O/SM 23 2.3 147 138 D 300 4,30
BS-81-55 B DIL O/SM 23 1.9 148 200 D 300 4.70
BS-81-56 B DIL O/SM 23 2.4 153 155 0 300 3.90
BS-81-57 NB DIL O/SM 23 1.5 158 163 D 300 3.20
BS-81-58 NB DIL 0O/SM 23 1.4 96 116 D 300 3.60
BS-81-59 CER DIL O/SM 23 1.7 143 160 D 300 2.40
BS-81-60 NB DIL 0O/SM 23 3.2 196 210 0D 300 1.10
BS-81-61 NB DIL 0O/SM 23 2.9 144 224 D 300 3.60



Table 3-1. Concluded

Stove Type

B - Baffled
CAT - Catalytic
C-R - Catalytic Retrofit
CER - Ceramic

NB - Nonbaffled

0 - Other (includes modified combustion stoves and/or stoves that
could not be classified into one of the other categories due to
insufficient description)

J - Jotul 201

Test Method

MM5 - Modified Method 5
M7 - Oregon Method 7
DIL. - Dilution Method

Wood Type
0 - 0ak

P - Pine
DF
SM

Douglas Fir

Sugar Maple

Burn_Stage

A - Testing took place over an entire burn cycle with the fire being
started from hot coals

B - Testing took place over an entire burn cycle beginning with a cold
start )

C - Testing only took place during the constant burn (steady-state)
stage of the burn cycle

D - Testing took place over several burn cycles (additional fuel
charges) with the fire being started from hot coals




Table 3-2. LISTING OF WOODSTOVE/EMISSION STUDIES

USED AS THE BASIS FOR TREND ANALYSIS

Study Code

Reference

MI-80

RTI-83

DG-82

CCRL-81

M2-81

B1-81

0-81

OM1-83

OoM2-84

BE-81

TVA-83

B2-81

8s-81

"Preliminary Characterization of Emissions from Wood-Fired
Residential Combustion Equipment," March 19?9, Monsanto
Corporation, DeAngelis, Ruffin, and Reznik.

"Characterization of Emissions from the Combustion of Wood
and Alternative Fuels in a Residential Woodstove," March
1983, Research Triaggle Institute, Truesdale, Mack, White,
Leese, and Cleland.

"Residential Wood Combustion Study; Task 5, .Emissions
Testing of Wood Stoves - Voégmes 1&2," November 1982, Del
Green Associates, Grotheer.

"Performance of Domestic Wood-Fired Appliances," 1981
Canadianzgombustion Research Laboratory, Hayden and
Braaten.

"Wood Combustion Emissions at Elevated Altitudes," lggl,
Monsanto Corporation, Peters, Hughes, and DeAngelis.

"Control of Emissions from Residential Wood Burninglgy
Combustion Modification," 1981, Battelle and Allen.

"Particulate Emissions from New Low Emission Woodstove
Designs Measured by EPA Method V," 1981, Oregon Depart-
ment of Enzironmental Quality, Kowalczyk, Bosserman, and
Tombleson.

"Test Report prggared for Catalytic Damper Corporation,"
May 1983, Omni.

"Test Repori Woodstove Emissions and Efficiency," February
1984, Omni.

"Particulate Emission Factors for Sma]]Byood and Coal
Stoves," 1981, Butcher and Ellenbecker.

"Efficiency and Emission Performance of Residential Wood
HeatersZHith Advanced Designs," 1983, TVA, Knight and
Knight.

"Characterization of Emissions from Residential Wood
Combui§ion Sources," 1981, Battelle, Cooke, Allen, and
Hall.

"Effects of Woodstove Design and Operation on Cgadensible
Particulate Emissions," 1981, Barnett and Shea.
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expressed as milligrams of pollutant per kilogram of wood burned. Test
condition information collected from each of the studies includes: the
type of stove tested, method used for measuring particulate, moisture
content of the fuel (expressed as wet basis), type of fuel, burn rate,
firebox and stack temperatures, stage of the burn cycle during sample
collection, and the length of the sampling period. Abbreviations or
qualifiers were used to describe parameters such as stove type, test
method, wood type, and burn stage and are defined at the end of Table 3-1.

In several studies, test conditions were not reported in detail.
In such cases, the data incorporated into the data bank were somewhat
subjective based solely on inferences or indirect evidence presented in
the original study. For example, if a study did not doéument the burn
rate, but did provide the initial charge loading and the total sampling
time, burn rate was calculated based on the assumption that all of the
fuel was burned during the reported sampling period. Other cases in
which approximate values were included in the data set include instances
when the value of a parameter was reported as a range (e.g., fuel
moisture = 20-25 percent). In such cases, the average of the reported
range was used. If sufficient information was not provided in the text
to allow these values to be determined or approximated, the entry was
left blank. When approximations were used, every attempt was made to
represent the conditions of the study as accurately as possible.
3.1.1 Data Analysis

As mentioned before, the number of variables and the uncertainty of

the validity of each variable has made this study one of general trends.
These trends can be best pointed out by comparing a dependent and
independent variable graphically. Burn rate was selected as the
independent variable. When this is done and certain outlying points are
discarded, some trends become noticeable. The largest problem encountered
with this type of analysis was the uncertainty which results from
analyzing a data set consisting of measurements collected by different
test methods and using different stove types and operating parameters.

An example of this can be seen when evaluating the effect of burn rate

on particulate emissions. Individual studies demonstrate that particulate
emissions decrease with increasing burn rate. However, when particulate
measurements from all studies are reviewed and analyzed against burn
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rate, the trend is much weaker. The reason for this is that each testing
group defined particulate with a different set of parameters. Some
investigators defined particulate as front filter catch at 250°F, whereas
others included various combinations of filter catch and condensed
organics.

In addition to the problems of definition are the problems of
plotting the graphs by overall studies. One study included 61 test
runs, while others had as few as two test runs. This problem is
accentuated if the author did not report measurements for the parameters
of interest. The NOx results are a good example of this. Only
25 individual tests from two studies measured NOx. The results were
similar. However, it is difficult to indicate a trend for 16 studies
and 217 tests with this limited data. The same is true for POM
measurements.

As noted previously, burn raté was selected as the independent
variable. The data in the data bank were arranged so that the tests
were ranked in order of increasing burn rate (see Table 3-3).
3.1.2 CO Analysis

The results of the CO analysis for the tests provided unexpected
results. Except for the catalytic type, it appears to make no difference
which stove is used. When presented on an emission factor (g/kg wood
burned) basis, the CO emissions remain fairly constant as the burn rate
increases (see Figure 3-1). However, when these results are plotted on
an emission rate basis vs. burn rate, the CO emissions appear to increase
as the amount of wood burned per hour is increased (see Figure 3-2).
This latter result would tend to indicate that fireplaces yield a much
higher CO emission rate than do woodstoves which generally are run at
lower burn rates. The highest CO emissions rate noted in the literature

13

was 5,000 grams/hour. The observed CO trends run counter to some

23 . .
which showed a decrease as the burn rate was increased.

studies' results
The methods by which the results were obtained were unclear in some
cases; and the level of quality control exercised was in most cases, not

addressed. Thus, the trends noted here must be interpreted with caution.
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Table 3-3. WOODSTOVE DATA (BURN RATE RANKING)
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Bl1=-81-1 B MMS O A 420 112
B1-81-2 B - MMS O A 63 12.0
B1-81-3 B MM5 O 360 A 100 15.0
B1-81-4 B MMS 0 A 190 28,0 0.03
B1-81=5 8 MM5 P A 40 9.0 0.04
B1-81-6 B8 MMS 0 A 67 56.0
B1-81=7 B MM5 O A 67 56.0
B1-81-8 B MMS O A 59 5.0
B1-81-9 8 MMS 0 A 61 7.0 0.05
B2-81-1A B MMS 0 12 370 A 190 28.0 0.04
B2-81-2A B MM5 P 42 310 A 40 9.0 0.05
B2-81-4A B MM5 0 12 380 A 59 5.0 0.05
TVA~83-13 CAT-RET MMS 0 10 A 16.80 95 1.01 0.19
TYA-83-14 CAT/B MMS 0 10 A 6.90 139 0.82 0.2 0.16
B1-81-10 N8B MM5 0O A
B1-81-11 NB MMS 0 A
B1-81-12 N8B MM5 0 A
B2-81-3A NB MM5 0 12 510 A 280 32.0 0.02
B2-81=-5A 0 MM5 0 21 170 A 25 5.0 0.01
TVA=-83-15 0 MM5 0O 10 A 1.80 80 1.14 0.1 0.08
0M2-84-25 CAT M7 DF 19 0.6 54 A 840 3.50 43 44,6
0OM2-84-29 CAT DiIL DOF 19 0.6 54 A 840 6.90 43 44.6
0M2-84-3 M7  DF 29 0.7 68 A 205 22,00 174 52.3
0M2-84-7 M7 OF 19 0.7 88 A 170 3.90 194 45.9
OM2-84-43 NB M7 DF 19 0.7 81 A 160 16,90 192 17.8
OM2-84-47 NB DIL DF 19 0.7 81 A 160 10.00 192 17.8
OM2-84-10 0 DIL OF 19 0.7 68 A 205 14.40 174 52.3
0M2-84-22 CAT M7 OF 19 0.8 73 A 610 5.00 134 55.3
OM2-84-26 CAT DIL OF 19 0.8 73 A 610 3.60 134 55.3
OM2-84-32 CAT M7 0F 18 0.8 58 A 485 1.10 12 54.9
OM2-84-15 NB M7 DF 17 0.8 68 A 615 28.20 298 85.1
0M2-84-19 NB DIL ©OF 17 0.8 68 A 615 32.40 298 85.1
0M2-84-35 NB M7 OF 19 0.9 76 A 395 26.80 299 54.2
0M2-84-39 NB DIL DOF 19 0.9 76 A 395 34.80 299 54.2
0M2-84-31 CAT M7  DF 18 1.0 61 A 430 0.90 42 56.9
0M2-84-2 M7  DF 19 1.0 90 A 130 24,40 153 20.2
BS-81-27 NB DIL O/SM 23 1,0 99 86D 300 12.30
OM2-84-36 NB M7 OF 18 1.0 86 A 345 23,20 238 80.3
OM2-84-40 NB CiL DOF 18 1.0 86 A 345 30.70 238 80.3
0M2-84-9 0 DiIL DOF 19 1.0 90 A 130 21.90 153 20.2
BS-81-32 NB DIL 0O/SM 23 1,1 92 117 D 300 11.80
0M2-84-16 NB M7  DF 19 1.1 81 A 455 29,40 281 72.2
0M2-84-20 NB DIL DF 19 1.1 81 A 455 44.40 281 72,2
0M2-84-42 NB M7 DF 19 1.1 85 A 105 10.60 150 30.2
OM2-84-46 NB DiL DOF 19 1.1 85 A 105 14,20 150 30.2
CCRL-81~-1 B SM 16 1.2 44 8 165 39.0
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Table 3-3. Continued
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0M2-84-30 CAT M7  Df 18 1,2 74 A 325 1.50 25 53.8
OM2-84-1 M7  DF 16 1.2 111 A 115 17.10 157 35.2
0OM2-84-8 0 DIL DF 16 1.2 111 A 115 13,30 157 35.2
TVA=83=7 CAT MM5 0 10 1.3 A 16.80 28 0.03
TVA-83-8 CAT MM5 0 10 1.3 A 5.10 26 0.85
BS-81-14 NB DIL O/SM 23 1,3 96 104 D 300 10.10
BS-81-52 N8B DIL O/SM 23 1,3 161 192 D 300 8.00
OM2-84-23 CAT M7  DF 19 1.4 104 A 145 7,50 59 77.7
OM2-84-27 CAT DIL DOF - 19 1.4 104 A 145 4.20 59 77.7
OM2-84~6 J M7  OF 18 1.4 132 A 100 12.60 130 84,8
8S-81-16 NB DIL O/SM 23 1,4 123 102 D 300 11.10
BS-81-24 NB DIL O/SM 23 1.4 144 136D 300 5.80
B5S-81-58 NB DIL O/SM 23 1.4 96 116D 300 3,60
0M2-84-13 0 DIL OF 18 1.4 132 A 100 10.40 130 84.8
CCRL-81~6 B SM 16 1.5 122 8 87 20.0
OM2-84-33 CAT M7  OF 19 1,5 98 A 290 1,50 48 65.7
OM2-84-5 M7  DF 20 1.5 182 A 90 4,50 40 59,5
BS-81-21 NB DIL O/SM 19 1,5 145 118 D 300 14,50
BS~81-35 NB OIL O/SM 23 1.5 97 126 O 300 10.10
BS-81-57 NB DIL O/SM 23 1,5 158 163 D 300 3,20
BS-81-6 NB DIL O/SM 23 1,5 153 142 D 300 9,90
OM2-84-44 NB M7  OF 19 1.5 166 A 72 9.70 88 40.4
0M2-84-48 NB DIL DF 19 1.5 166 A 72 6,90 88 40.4
0-81-12  NB/O M7  DF 14 1,5 229 104 A 74.30
0M2-84-12 0 DIL OF 20 1.5 182 A 90 0.90 40 59.5
OM2-84-24 CAT M7  DF 17 1.6 11 A 295 6.10 101 73.0
OM2-84-28 CAT DIL OF 17 1.6 111 A 295 4,10 101 73.0
BS-81-12 NB DIL O/SM 23 1.6 150 161 D 300 8.70
BS-81-20 NB DIL O/SM 23 1.6 156 137 D 300 6.10
BS-81-29 NB. DIL O/SM 23 1.6 156 138 D 300 12.20
BS~=81-44 NB DIL O/SM 23 1,6 96 134 0D 300 7.70
BS-81-7 NB DIL O/SM 23 1.6 149 137 D 300 9.10
OM2-84-34 NB M7  OF 19 1.6 119 A 215 18,30 175 71.6
OM2-84-38 NB DiIL DF 19 1.6 119 A 215 20.60 175 71.6
0-81-10 NB/O M7  DF 14 1.6 243 124 A 50.60
BS-81-59 CER DIL O/SM 23 1,7 143 160 D 300 2.40
BE-81-2 NB DIL O 18 1,7 A 108 4.30 63
BE~81~6 NB DIL O 16 1.7 A 114  3.80
BS~-81-11 NB DIL O/SM 23 1.7 150 183 D 300 12.90
8S-81-2 NB DIL O/SM 23 1,7 154 149 D 300 7.80
BS-81-37 N8B DIL O/SM 23 1.7 172 136 D 300 9.20
BS-81-4 N8B DIL O/SM 23 1.7 148 1330 300 11,00
8S-81-51 NB DIL O/SM 23 1,7 150 179 D 300 3,20
OM2-84~14 NB M7  DF 17 1.7 118 A 285 22,40 216 63.4
OM2-84-18 NB DIL OF 17 1.7 118 A 285 37.00 216 63.4
OM2-84-45 NB M7  DF 19 1.7 226 A 63 3.40 66 43.9
OM2-84-49 NB DIL DF 19 1.7 226 A 63 0.60 66 43.9
CCRL-81-2 B SM 16 1.8 67 B 140 33.0
0-81-6 CAT M7  DF 18 1.8 125 A 29.30
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Table 3-3. Continued
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BS-81-10 NB DIL O/SM 23 1.8 161 D 300 7.60
BS-81-19 NB DIL O/SM 23 1,8 154 135 D 300 10.70
BS-81-25 NB DIL O/SM 23 1.8 154 198 D 300 9.90
8S=-81-26 NB DIL O/SM 23 1.8 152 148 D 300 5.30
BS-81-41 NB DIL O/SM 23 1.8 119 144 D 300 10.10
BS~-81-5 NB DIL O/SM 23 1,8 157 153D 300 10.70
BS-81-8 N8 DIL O/SM 23 1.8 150 140 D 300 10.50
BS-81-9 NB DIL O/SM 23 1,8 150 156 D 300 7.90
BS-81-55 B DIL™ 0/SM 23 1.9 148 200D 300 4.70
BS-81-15 NB DiL o/SM 23 1.9 97 112 D 300 14.00
BS-81-23 NB DIL O/SM 23 1.9 154 147 D 300 25.20
BS~-81-30 NB DIL O/SM 23 1.9 165 142 0 300 7.60
TVA-83-10 CAT MM5 0 10 2.0 A 2.20 6 2.00 0.1
TVA-83-9 CAT MMS 0 10 2.0 A 6.40 50 0.88 0.2
BE-81-3 NB pDIL 0 18 2.0 A 123 6.40 106
8S-81-1 NB DIL 0O/SM 23 2.0 158 137 D 300 8.50
BS-81-3 NB DIL O/SM 23 2.0 160 1320 300 9.80
BS-81-48 NB DIL 0/SM 23 2.0 94 148 D 300 8.50
DG-82-14 CAT M7 DF 17 2.1 320 118 A 209 38.00 120 10.7
BS-81-36 NB DIL 0O/SM 23 2.1 143 214 D 300 7.30
BE-81-4 NB pIL © 18 2.2 A 74 3,20 158
BE-81=7 NB piIL O 16 2.2 A 24 1.60
TYA-83=-1 NB MMS 0O 10 2.2 A 80.80 102 0.13 1.9
TVA-83-2 NB MM5 0 10 2.2 A 97.30 98 0.10 1.6
BS-81-54 B DIL O/SM 23 2.3 147 1380 300 4.30
BE-81-8 N8 DIiL O 13 2.3 A 67 4,20
BS-81-18 NB DIL OQ/SM 23 2.3 163 145 D 300 10.30
BS-81-22 N8B DIL O/SM 3 2.3 163 143 D 300 15,00
85-81-33 NB DIL O/SM 23 2.3 146 193 D 300 10.60
BS-81-38 NB DIL 0/SM 23 2.3 133 188 D 300 5.10
8S-81-39 NB DIL O/SM 23 2,3 153 223 D 300 5.80
BS=-81-46 NB DIL O/SM 23 2.3 208 2420 300 2.50
BS-81-56 8 DIL 0O/SM 23 2.4 153 155 0 300 3.90
BS=-81=13 NB DIL 0O/SM 23 2.4 207 233D 300 2.90
BS-81-47 NB DIL 0/SM 23 2.4 147 162 D 300 4.00
BS-81-50 NB DIL O/SM 23 2.4 153 176 D 300 3.40
CCRL-81-4 NB SM 16 2.4 122 8 , 184 43.0
0G-82~1 NB . M7 DF 21 2.4 267 129 A 275 22.00 190 13.8
OM2-84-4 M7 OF 19 2.5 243 A 55 1.40 21 61.3
CCRL-81-5 NB SM 16 2.5 124 B 129 30.0
0M2-84-11 0 DiL DF 19 2.5 243 A 55 0.50 21 61.3
0-81=5 CAT M7 OF 16 2.6 155 A 21.40
DG-82-10 CAT-RET M7 DF 19 2.6 317 143 A 299 22,00 110 8.0
BS-81-42 NB DIL 0O/SM 23 2.6 158 233 D 300 3.70
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Table 3-3. Continued
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0G-82-17 O M7 OF 20 2.6 255 110 A 175 30.00 150 5.8
BS-81-45 NB DIL 0O/SM 23 2.7 150 205 D 300 3.70
0G-82-2 NB M7 DF 12 2.7 283 158 A 250 54.00 189 16.9
DG-82-13 O M7 DF 19 2,7 289 122 A 270 35.00 160 9.3
DG-82-15 CAT M7 DF 20 2.8 435 162 A 150 23.00 50 7.3
BS-81-28 NB DIL 0/SM 23 2.8 203 198 D 300 2.10
BS-81-37 NB DIL O0O/SM 23 2.8 174 238 0 300 3.10
BS-81~-53 NB DIL O/SM 23 2.8 139 D 300 4,00
OM2-84-17 NB M7 DF 19 2.8 221 A 165 7.20 118 62.6
OM2-84-21 NB DiL DOF 19 2.8 221 A 165 3,20 118 62.6
TVA-83-11 CAT MM5 O 10 2.9 A 2.60 23 0.81 0.1
TVA-83-12 CAT MM5 O 10 2.9 A 1.40 6 0.76
BE-81-~5 NB DIL O 16 2.9 A 60 2.60 67
BS-81-49 NB DiL 0O/SM 23 2.9 196 256 O 300 2.10
85-81-61 NB DIL 0O/SM 23 2.9 144 224 D 300 3.60
BE-81-1 NB DIL O 18 3.0 A 61 3.90 106
DG-82-5 NB M7 DF 12 3.0 298 148 A 208 62.00 220 12.1
DG-82-12 O M7 DF 19 3.0 301 129 A 255 38.00 200 11.8
BE-81-8 N8B DIL H 16 3.1 A 56 2.10
DG-82-11 CAT=RET M7 DF 19 3,2 315 178 A 223 17.00 90 6.2
BS-81-17 NB DIL O/SM 23 3,2 211 209 D 300 3.20
BS~-81-40 NB DIL 0O/SM 23 3.2 203 297 D 300 1.90
BS-81-43 NB DIL 0/SM 23 3.2 202 258 0D 300 2.40
‘BS-81-60 NB DIL 0O/SM 23 3.2 196 210 0D 300 1.10
OM1=-83-1 NB M7 DF 16 3.3 123 A 14,20
OM1-83-3 CAT=-RET M7 DF 16 3.4 135 A 8.00
OM1-83-4 CAT=-RET M7 OF 16 3.4 134 A 6.00
BE-81-8 NB DIL H 16 3.4 A 45 2.40 98
BS-81-34 NB DIL O/SM 23 3,4 194 267 O 300 2.20
OM1-83-2 NB M7 DF 16 3.4 128 A 15.50
DG-82-7 NB M7 DF 20 3.6 322 189 A 198 19.00 160 8.8
0-81-13 NB/O M7 OF 14 3,6 404 232 A 23.30
CCRL-81-3 B SM 16 3.7 150 B 108 25,0
DG-82-16 O M7 DF 19 3.7 331 191 A 120 14,00 80 3.9
DG-82-9 NB M7 DF 56 3.8 315 183 A 189 22.00 110 6.6
0-81-9 NB/O M7 DF 14 3.8 379 254 A 23.90
CCRL-81~-7 NB SM 16- 4.0 223 B 116 27.0
RT1-83-2 NB MM5 O 11 4.0 537 248 C 0.80 44 0.82 6.5
CCRL-81-8 NB SM 16 4.1 139 B 153 36.0
0-81-11 NB/Q M7 OF 15 4,2 159 257 A 9.60
0M2-84-41 NB DIL DF 19 4.3 303 A 85 13.20 115 71.3
OM2-84-37 NB M7 OF 19 4.3 303 A 85 10.20 115 71.3
CCRL-81-9 B SM 16 4.5 117 8 169 40.0
0-81-7 B M7 DF 19 4,5 177 A 31.00
0-81-8 8 M7 DF 17 4.5 157 A 20.00
0G-82-8 NB M7 DF 56 4.5 243 146 B 155 24.00 190 1t
RT1-83-1 NB MMS5 O 11 4.5 515 286 C 0.50 29 0.69 4.9
0-81=3 8 M7 OF 36 4.7 129 A 18.80
0G-82-3 N8 M7 DF 56 4.7 346 172 A 181 34,00 160 10.5
0G-82-19 CER M7 DF 20 4.9 646 318 A 99 2.00 50 0.6
0-81-4 8 M7 DF 36 5.8 127 A : 10.00
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TVA-83-3 NB MM5 0 10 5.8 A 13.60 125 0.18 0.8
TVA-83-4 NB MM5 0 10 5.8 A 3,80 43 0.2
M1-80-5 NB MM5 0 5 6.0 384 A 83 2.50 370 0.40 0.19
B1-81-13 NB MM5 0 6.5 A 220 34,0
M1-80-1 B MMS O 28 6.6 300 A 83 2.50 120 0.70
M1-80-6  NB MM5 0 28 6.6 240 A 83 1.80 91 0.50
M2-81-1  NB MM5 0 5 6.8 269 A 8.70 273
M1-80-3 B MM5 P 28 7.2 247 A 83 7.00 220 0.80
DG-82-6 NB M7  DF 19 7.2 314 205 B 46 42.00 170 9.2
M1-80-7 NB MMS P 5 7.2 304 A 83 2.00 150 0.20
M2-81-2  NB MM5 0 5 7.4 249 A 8.10 270
B1-81-14 NB MM5 0 7.5 A 280 32.0 0.01
DG-82-18 CER M7  DF 16 7.7 826 415 A 61 1.00 20 0.4
M1-80-4 B MM5 P 5 7.8 378 A 83 3.90 270 0.50
M1-80-8  NB MM5 P 28 7.8 305 A 83 6.30 97 0.40 0.32
M1-80-1 B MMS 0 5 8.4 307 A 83 3.00 110 0.40 0.21
TVA-83-5 NB MM5 0 10 8.5 A 1.30 44 0.77 0.1
TVA-83-6 NB MMS 0 10 8.5 A 1.00 8 0.57 0.1
0G-82-4 N8B M7  OF 12 9.2 357 284 8B 35 40.00 210 1.9
B1-81-15 NB MM5 0 9.5 A 170 34,0
B1-81-19 0 MM5 O 9.9 A 30 2.0
0-81-2 0 M7  DF 33 10.5 90 A 3.40
B1-81-18 0 MM5 0 10.9 A 25 5.0 0.01
B1-81-16 NB MM5 0 12.3 A 400 42.0
B1-81-17 NB MM5 0 14.4 A 200 33.0
0-81-1 0 M7 DF 32 16.4 54 A 3.90
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Figure 3-1. CO vs. burn rate.
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A possible explanation for the CO results could be the size of the
wood being burned. Since wood is loaded into fireplaces and woodstoves
by the log, it is intuitive that, regardless of burn rate, CO would be
produced in the inner portion of the log, while combustion occurred at
the outer portion.” This should hold somewhat true for HC emissions
also. Almost all tests studied showed a fairly high CO value (1 to
4 percent), indicative of poor air mixing during the combustion process.
Stoves equipped with oxidation catalysts did reduce the CO emissions
approximately 40 percent on the average. Ceramic stoves were tested and
ranked by burn rate and had the lowest CO emissions.

3.1.3 Catalytic Analysis

The results obtained on catalytic stoves were extracted from the
data bank ranked by burn rate (Table 3-4). The only general conclusions
which can be drawn are that the CO and particulate emissions averaged
the same or lower than the noncatalytic average, while HC emissions
average about the same. The high HC average comes primarily from
one series of OMNI runs,1 which may have been a result of differences in
measurement methods. The OMNI results were measured on a NDIR instrument
whereas TVA used a GC/FID which measures only the low molecular weight
(C4-C7) hydrocarbons. Another possibility is that, in the OMNI tests,
temperature of the gases was too low to achieve catalytic action. It is
unclear from the test reports if this condition was achieved since the
majority of investigators failed to report the operating temperature of
the catalyst. Light-off temperature is about 400°F (205°C). In general,
the removal efficiency of CO, HC, and particulate increases with an
increase in temperature of the gases entering the catalyst.

3.1.4 Particulate and HC Results
The emissions from a woodstove contain flyash, condensed organics

either adsorbed on the flyash or as liquid droplets, semi-volatile
(boiling point >100°C) organics, and volatile (boiling point <100°C)
organics. The method of testing and the care taken during the test can
have a strong effect on whether a species is reported as a particulate
or hydrocarbon. In viewing the data it was noted that very few tests
had both high particulate and high hydrocarbon values. In most cases
those tests which had high particulate values had low HC results and
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Table 3-4. WOODSTOVE DATA (CATALYTIC STOVES)
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TVA=83=13 CAT-RET MM5 O 10 A 16.80 95 1.0 0.19
TVA-83-14 CAT/B MMS 0 10 A 6.90 139 82 0.2 0.16
OM2-84-25 CAT M7 OF 19 0.6 54 A 840 3,50 43 44.6
OM2-84=-29 CAT oL DOF 19 0.6 54 A 840 6,90 43 44,6
0M2-84-22 CAT - M7 OF 19 0.8 73 A 610 5.00 134 55.3
OM2-84-26 CAT DIL DF 19 0.8 73 A 610 3.60 134 55.3
0M2-84-32 CAT M7 OF 18 0.8 58 A 485 1.10 12 54.9
OM2-84-31 CAT M7 OF 18 1.0 61 A 430 0.90 42 56.9
OM2-84-30 CAT M7 OF 18 1.2 74 A 325 1.50 25 53.8
TVA-83=7 CAT MM5 0 10 1.3 A 16.80 28
TVA-83-8  CAT MMS 0 10 1.3 A 5.10 26
0M2-84-23 CAT M7 DF 19 1.4 104 A 145 7,50 59
OM2-84-27 CAT DIL DF 19 1.4 104 A 145 4,20 59
0M2-84-33 CAT M7 DF 19 1.5 98 A 290 1,50 48
OM2-84-24 CAT M7 DF 17 1.6 1Y A 295 6.10 101
OM2-84-28 CAT DL DOF 17 1.6 111 A 295 4,10 101
0-81-6 CAT M7 OF 18 1.8 125 A 29.30
TVA-83=10 CAT MMS O 10 2.0 A 2.20 6
TYA-83-9 CAT M5 0 10 2.0 A 6.40 50
DG-82-14 CAT M7 DF 17 2.1 320 118 A 209 38.00 120
0-81-5 CAT 7 OF 16 2.6 155 A 21,40
DG=82-10 CAT=-RET M7 DF 19 2.6 317 143 A 299 22.00 110
DG-82-15 CAT M7 OF 20 2.8 435 162 A 150 23,00 50
TVA-83-11 CAT M5 0 10 2.9 A 2,60 23
TVA-83-12 CAT M5 O 10 2.9 A 1.40 6
DG-82-11  CAT-RET M7 DF 19 3,2 315 178 A 223 17.00 90
OM1-83-3  CAT-RET M7 DF 16 3.4 135 A 8.00
OM1-83-4 CAT=-RET M7 OF 16 3.4 134 A 6.00
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vice versa. As noted previously, the tests with high HC results used an
NDIR which includes all species in the absorbtive range. This would
include methane which could account for as much as 50 percent of the
total HC value. The particulate value is also uncertain since this
measurement is dependent upon filter temperature, particle size, and
pre-conditioning; variables which were not documented in the references.
With all these undefined variables, it is difficult to draw conclusions
from the testing done on an overall basis. Conclusions are probably
more valid within each test as some of these variables are controlled.
3.1.5 ggx Analysis

Only 25 of the 217 tests reported N0X values which ranged from
.03 to 2.0 gr/kg of wood fired, with an average value of .75 gr/kg. The
higher values were all associated with tests done on catalytic stoves,
while the lower values were associated mainly with non-catalytic stoves.
While this is a significant trend, the level of N0x emissions from
woodstoves is lower than for other residential heating equipment.

3.2 INDIVIDUAL STUDY ANALYSIS

As noted above, looking for trends in the whole data bank is clouded
by the wide, often undocumented, variations in the test procedures.
Analyzing the trends in a single study might prove to be more fruitful
since many of these variables were controlled within individual studies
by the investigator.

The reported particulate emission factors for RWC range from 0.5 g/kg
to as high as 62 g/kg of wood. Several studies have reported typical
factors ranging from 0.5-25.0 g/kg. Table 3-5 illustrates particulate
emission ranges reported in four different studies.

Carbon monoxide emission factors measured from RWC range from 4 to
400 g/kg of wood. 1In general, emission factors for stoves and other
air-tight appliances have been in the 100 to 200 g/kg range. Fireplaces
have demonstrated lower CO emissions (15 to 30 g/kg range).11 Table 3-6
illustrates carbon monoxide emission ranges reported in four different
studies.

The reported HC emission factors range from 2 to 113 g/kg. In the
majority of the tests, HC emission factors have been in the 20-60 g/kg
range. Table 3-7 illustrates HC emission factor ranges reported in
three different studies.
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Table 3-5. PARTICULATE EMISSION FACTORS

Emission factor

Study range (g/kg) Reference
Butcher and Buckley 0.7 - 25 9
Butcher and Sorenson 1.3 - 24 10
Monsanto 5.1 - 19 11
Argonne 0.8 - 22 12

Table 3-6. CARBON MONOXIDE EMISSIONS FROM
RESIDENTIAL WOOD COMBUSTION

Emission factor

Study range (g/kg) Reference
Argonne Lab 92 - 196 12
Monsanto 15 - 370 11
Battelle 33 - 400 13
California Air 4 - 147 14

Resources Board
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Table 3-7. TOTAL HYDROCARBON EMISSIONS FROM
RESIDENTIAL WOOD COMBUSTION

Emission factor

Study range (g/kg) Reference
Battelle 2.0 - 113 13
Canadian Combustion 20.4 - 43.4 15

Research Laboratory

Acurex _ 2.0 - 110 16

Table 3-8. POLYCYCLIC ORGANIC MATTER EMISSIONS FROM
RESIDENTIAL WOOD COMBUSTION

Emission factor

Study range (g/Kg) Reference
Argonne .004 - .040 12
Monsanto .025 - .370 11
Battelle .011 - .050 16
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When airtight combustion units are operated under oxygen starved
conditions low combustion efficiencies result. Incomplete combustion
results in the formation of a complex mixture of products. These
combustion products, a mixture of hydrocarbons, olefinic and polycyclic
organic matter, condense as the stack emissions cool. In general, the
term POM is used to describe all multi-ring organic compounds. POMs are
of special concern in wood smoke since several of these compounds have
been identified as potential carcinogens.5 A well studied example is
Benzo(a) pyrene (BaP).

Because of their high melting points the bulk of POM is believed to

Y It is uncertain whether POM

be linked with particulate matter.
condenses out as discrete particles after cooling or condenses on surfaces
of existing particles after formation during combustion. It is clear,
however, that POM tends to concentrate on the particle surfaces. It has
been demonstrated that most of the mass of POM is associated wit;7
It

is estimated that RWC accounts for as much as 80 percent of the national
18

particles of aerodynamic diameters in the respirable size range.

POM emissions from stationary sources.

Similar to other emission factors developed for RWC, factors reported
for POM range over several orders of magnitude. Examples of POM emission
factors developed in three studies are shown in Table 3-8. An overall
range of 0.004-0.37 g/kg of wood is reported.

3.3 VARIABLES AFFECTING EMISSIONS

Several factors can significantly affect the emissions from wood
burning appliances. In general, these factors can be grouped into one
of three categories. These are: 1) equipment type, 2) operating
conditions, and 3) fuel characteristics. Each of these categories and
their role in affecting emissions will be discussed briefly.
3.3.1 Equipment Type

Several studies have demonstrated different emission rates for
different combustion appliances. Initially, these studies compared
emissions measured from fireplaces to those measured from stoves.

One of the first such studies was conducted by Monsanto.11 The Monsanto

study compared emissions from a fireplace, a baffled stove and a
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nonbaffled stove. The results of this study have been included in
Table 3-9. In summary, Monsanto demonstrated that the air-tight stoves
have significantly higher emission rates for CO and POM, while NOX
emissions were greater from fireplaces.

More recently, studies have been conducted which compare emission
performance of conventional air tight wood heaters with performance of

19,20 TVA has conducted such studies using

advanced design heaters.
carbon monoxide, particulate, and polycyclic aromatic hydrocarbon (PAH)
measurements from various stove types to assess emission performance.

20 In general,

Figure 3-3 summarizes the results of one comparison study.
TVA found that the advanced design sytems tested generated much lower
emission factors. The catalytic wood heater (#2) gave the lowest CO and
PAH emission factors. The retrofit catalytic system (#3) tested on the
conventional wood heater and the catalytic wood heater with a metal
combustor (#4) had lower PAHs, total particulates, and volatile hydro-
carbons than the conventional wood heater. Although emissions for the
prototype secondary combustion wood heater (#5) were far reduced in
comparison to the conventional wood heater, TVA noted that this system
required frequent operator attention to sustain such reduced emissions.
Referring back to the TVA-83 test series in Table 3-1, it can be seen

that the conventional wood heater (tests 1-6) had emissions that increased
dramatically with decreased burn rate. Generally, emissions from the
catalytic wood heater (tests 7-12) showed less dependence upon wood load
size than the conventional wood heater.

3.3.2 Operating Conditions that Affect Emissions

Several stove operating conditions have been identified as affecting
emission rates. Three of these variables will be briefly discussed.
These are: 1) burn rate, 2) stage of the burn cycle, and 3) charge
loading.

3.3.2.1 Burn Rate. Several investigators have looked at the
effect of burn rate on emission performance. In general, these studies
have demonstrated that an increased burn rate will result in various
emission reductions. These reductions include:
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Table 3-9. SUMMARY OF EMISSION RESULTS FOR CRITERIA POLLUTAQTS AND POMs

FROM WOOD FIRED RESIDENTIAL COMBUSTION EQUIPMENT

Wood Burn Particu]ete Condensibée
burning rate matter organics d e £
device kg/hr g/kg g/kg NO co POM
Fireplace 10.8 2.3 6.3 2.4 30 0.025
Baffled
stove 8.4 3.0 4.0 0.4 110 0.21
Nonbaffled
stove 7.8 2.5 6.0 0.4 370 0.19
11

Source: DeAngelis, et al.
qWoad type - seasoned oak.

bFront half of EPA Method 5 and POM train. Averaged when two values
are available.

Back half of EPA Method 5. Averaged when two values are available.

dEPA Method 7. Average of six grab samples.

®EPA Method 3 (Orsat) for stoves; average of 10 samples. Drdger tube for
fireplace; 15-30 minute composite.

fPOM train (EPA Method 5 modified with XAD resin trap).
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Wood Heater #1

Wood Heater #2

. Wood Heater #3
<0 1 Wood Heatar #4
4 . Wood Heater #5

Airtight circulator

Ceramic honeycomb catalytic

Retro ceramic honeycomb catalytic:
Mstal catalytic

Secondary combustion

(s/xg)

1 2 3 -4 5
’ (Wood Heatsr)
TOTAL PARTICULATES

160 , 0.4 ,

120

(g/Kg)
(8/Kg) -

1 2 3 &4 8
~ (Wood Heater) (Wood Heatesr)
CARBON MONOXIDE PAH EMISSIONS

Footnotes: . Fuel sample was red oak, split cordwood, 10.4% moisture (wat).
t. Wood heater #1 data was taken from 8 samples at low, medium, and high
burn rates.
¢. Wood heater #2 and #3 data was taken from 6 umvlu at low. medium, and
. high burn rates,
d. Wood heatsr #4 data wvas taken from 2 unplu at a medium burn rate.
e. Wood heater #5 data vas taken from 2 samplaes at medium and high burm rates.

Figure 3-3. Comparison of emissions from several wood heaters.20

(Reproduced with permission of APCA.
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1) particu]ate,21’22

2) condensible orgam'cs,22

3) carbon monoxide,lg’23
19,23

4) total hydrocarbons,

5) aliphatic compounds,12 and

6) total or‘gam’cs.12

These burn rate emission reduction relationships are illustrated in
Figures 3-4 through 3-8.

The effect that burn rate has on POM emissions is less certain.
Studies23 conducted at the Canadian Combustion Research Laboratory
indicate a decrease in POM emissions with increasing burn rates
(Figure 3-9). On the other hand, studies12
National Laboratory (ANL) strongly suggest that POM emissions increase

conducted at the Argonne

with increasing burn rates. ANL's suggestions are supported by the
apparent shift to higher molecular weight organics observed when the
burn rate is increased.

Peters17

suggests that high temperature combustion favors POM
formation from the alkyl benzene fragments pyrolyzed during wood
combustion. He makes the following statement concerning burn rate and
POM emission rate: "The very limited data on POM emissions from
residential wood-fired equipment and deductive reasoning suggest that,
within the operating temperature range of residential equipment, the
burning rate - POM emission rate relationship is exactly opposite that
of other pollutants. Because temperatures of 500-800°C are needed for
POM formation, a very cool fire similar to overnight use conditions
should, at some point, result in zero POM emissions, although large
amounts of other unburned organics and CO will be emitted."17

3.3.2.2 Stage of the Burn Cycle. Several investigators have

determined that emission rates for various pollutants are dependent upon
the stage of the burn cycle. DeAngelis, et al. observed this dependency

when monitoring CO over an entire burn cyc1e.11

Figure 3-10 illustrates
the carbon monoxide concentration in the flue gas as a function of time.
It has also been reported that particulate emission rates are dependent

21,10 These studies have shown that

upon the stage of the burn.
approximately one-half of the mass of particulates are emitted in the

first 17 percent of the burn.
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(Reproduced with permission of APCA,)
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Figure 3-5. Summary of condensible organic emissions factor
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Figure 3-6. Variation of carbon monoxide with firing rate,

. 23
conventional stoves.

(Reproduced with permission of APCA.)
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Figure 3-8. Summary of total organic emission factors (g/kg)
as a function of burn rate (kg/hr) from combustion

of 0.12M and 0.06M diameter oak logs. 2

(Reproduced with permission of the Oregon
Graduate Center.)
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Normalized POM Emissions

Firing Rate, kg/hr

Variation in POM emissions with firing rate,

conventional stoves.23

(Reproduced with permission of APCA.)

Figure 3-9.
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Figure 3-10. Concentration of CO in flue gas as a function of time.11
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19

3.3.2.3 C(Charge Loading. Cooke, et al.”” concluded from their

emission studies that the amount of wood loaded into the stove will have
a large influence on the amount of pyrolysis products leaving the stove.
The emissions increase with the increase in wood inventory due to the
increased quantity of wood exposed to the heat and thereby subject to
preburning pyrolysis. As seen from these data (Table 3-10), both the HC
and CO emissions increased when the charge mass increased.

3.3.3 Fuel Characteristics

The combustion properties of wood are influenced by several fuel
characteristics. As a result the types and magnitudes of emissions
generated by wood combustion are also governed by these characteristics.
It has been reported that wood type, moisture content, size and shape of
the fuel may all affect emissions. Each of these factors and their
influence on emission performance will be briefly discussed.

3.3.3.1 MWood Type. To date, one of the most comprehensive studies
that specifically investigates the relationship between emissions and
wood type was conducted by Muh]baier.6 This study reported particulate
emission rates from a free standing fireplace for seven different wood
types. In addition to particulate emissions, gaseous emissions were
measured during combustion of select woods. No significant trends are
available in the data. A summary of these results is presented in
Table 3-11.

3.3.3.2 Moisture Content. Considering the error factors involved

with emission testing, many investigators have concluded that fuel
moisture has little or no significant effect on emissions. Some have
added that dry wood (less than 25 percent moisture) may produce slightly
higher emissions than wood with more typical moisture contents of

30-40 percent.z4 In contrast, Del Green Associates concluded that fuel
moisture does significantly affect emissions.25 Figure 3-11 illustrates
measured particulate emission rates for various fuel moisture contents.
This figure illustrates that the low moisture fuel resulted in signifi-
cantly higher emission levels than the medium moisture fuel. The high
moisture fuel also resulted in higher particulate emissions, but the

increase was not as great as with the dry fuel.
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Table 3-10. EFFECTS OF SIZE OF CHARGE ON EMISSIONS,
SIDE DRAFT BURNING OF OAK 4x4st?

Test run number 34 35
Mass of charge, 1b 12.9 41.9
Burning rate, 1b/hr 17.4 19.2
Excess air, percent 62.9 58.1
Stack temperature, °F 680 660
(°C) (360) (350)

Gas composition, as measured
CO, percent 1.2 2.5
HC, ppm 2800 5300
Emissions, 1b/1,000 1b wood
co _ 100 220
HC 15 26

(Reproduced with permission of the Oregon Graduate Center.)
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Table 3-11. PARTICULATE EMISSION RATES FROM WOOD BURNING (g/kg)6

Test Wood Front Catch PFilter Catch Impiager Catch Total
Sof twood
25 Eastern Spruce 6.0 (A7) * 2.1 (17) 4.6 (36) 13
26 - 2.9 (30) 1.2 (13) 5.5 (57) 9.6
27 ® 1.8 (12) 1.9 (13) 11 (75) 15
32 ° - 10‘ -
33 . - 1.6 -
31 Jack Pine - 3.7 . - )
34 h 1.7 (A7) 1.7 Q17) 6.7 (66) 10
36 ® 4.0 (28) 7.6 (33) 2.6 (18) 14
40 - 4.2 (30) 2.9 (28) 3.3 (32) 10
Hardwood
23 Soft Maple 2.6 (11) 3.9 (17) 17 (72) 24
28 ® 1.9 (21) 1.4 (16) 5.7 (63) 9.0
3s - 2.2 (23) 1.6 (17) 5.8 (60) 9.6
42 Birch 5.9 (40) 4.2 (29) 4.5 (31) 15
43 . 2.2 (23) 1.7 (18) $.7 (59) 9.6
20 Hard Maple 1.2 (12) 1.2 (12) 7.9 (77) 10
21 ® 4.2 (38) 1.9 A7) S.1 (46) 11
19 White Ash 1.5 (11) 1.0 (7.8) 11 (81) .14
22 - 1.1 (12) 1.5 (16) 6.5 (71) 9.1
28 Red Oak 3.4 (43) 2.0 (25) 2.6 (33) 8.0
29 ® 2.5 (30) 3.4 (41) 2.3 (28) 8.2
3o ° 2.8 (24) 6.2 (53) 2.8 (24) 12
a7 ® 2.6 (29) 1.2 (13) S.1 (57) 8.9
38 ® 2.2 (20) 1.8 (17) 6.9 (63) - 11
39 o 3.3 Q1) 3.6 (12) 22 (76) 29
Synthetic Logs
Al Sternolog 1.5 (8) 8.4 (4S) 8.8 (A7) 19
44 Northland II 2.3 (11) 14 (71) 3.6 (18) 20

*Numbers in the ( ) are the percent of the total.
(Reproduced with permission of the Oregon Graduate Center.)
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Figure 3-11. Particulate emissions (normalized to burn rate) as

a function of fuel moisture.25
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3.3.3.3 Fuel Size. The log size/emission relationship has been
studied by several investigators. The size of the pieces of wood has a
large effect on the rate of pyrolysis. The smaller pieces result in a
shorter distance for the pyrolysis products to diffuse, a larger surface
area to mass ratio, and a reduction in the time required to heat the
entire piece of wood.

Investigators have shown that as the ratio of surface area to mass
increased (i.e., smaller log sizes) the emission factors are markedly

13 demonstrated this with CO emissions
24

increased. Cooke, et al.
(Figure 3-12) while Barnett
particulates (Figure 3-13). Hubble
not exhibit a log~-size effect but the forms of the organics (particulate
matter, creosotes, and condensibles) do exhibit such an effect

(Figure 3-8).

demonstrated the same relationship with
12 concluded that total organics do
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Figure 3-13.
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4. AIR SHED STUDIES AND IMPACT ASSESSMENT METHODS

Several air shed studies have indicated that RWC is a major air
pollution source in regard to the current total suspended particulate (TSP)

2,3,4

standards. Additional concern is warranted due to the respirable

nature of the particulate. Muhlbaier has reported RWC particulate to

6

have a mass median diameter of 0.17 um.~ Other studies have measured

similar sizes and have generally concluded that the majority of partic-

ulate emitted from RWC is less than 2.5 pm.7’8

Based on these studies,
if an inhalable particulate standard was implemented, RWC would be a
much greater contributor to nonattainment than under the current TSP
regulations.

During studies conducted in 1978 on the Denver "Brown Cloud," it
was noted that wood burning sources contributed 12 percent of the fine
particulate mass (<2.5um) and 18 percent of the visual range reduction
(0.1-1.0 pm) in that city.26 These estimates were based on the high
potassium to iron ratio noted for wood smoke that did not appear for
other sources. Other studies have shown up to 84 percent of the fine
particulate fraction to be attributed to RWC.1 A1l studies predict an
increase in this percentage as other sources are controlled and wood use
increases. Table 4-1 displays six ambient air surveys, their measurement
techniques, and the constituents measured.

The assessment of these reports was based upon:

(1) Size of the community and the ability to obtain a good

indication of wood usage from home surveys. Example, the home
survey was not obtained for Denver "Brown Cloud." However, a

detailed survey was obtained for Waterbury, Vermont along with
actual testing of 14 woodstoves.

(2) The placement of ambient air monitors. Good upwind and downwind
monitors are needed to account for ambient background concen-
trations. These are easy to obtain for wood smoke as very few
sources are greater than 15 meters high at the point of emission.
The sampling and/or monitoring intervals are critical.
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Table 4-1. AIR SHED STUDIES AND

IMPACT ASSESSMENT METHODS

; ® Glass Backup TSP
Upwind/ Teflon~ fiber trap Other Stove average
TSP <2.5um POM downwind filter filter XAD-2 filter C!% (CMB K:Fe Survey test pg/m3
Co]orado,26
Denver "Brown X X X X X X 89.6
Cloud"
28
Colorado,
Telluride X X X X 61
.29

New Hampshire,
Lyme Center X X X X X 52

2
Alabama,
Petersville X X X X X X X X N/A

4
Montana,
Missoula X X X X X X X 81
Oregon 3

¢ X X X X X X X X X . 100

Medford




(3)

(4)

The type of ambient monitor utilized. Generally wood smoke is
found in the 0.1-1.0 pm size range. Analytical methodology
can be improved by the use of a sampler which fractionates the
size to less than 2.5 um or "respirable" particulate matter.

The filtration method or collection substrate. Both Tef]on®
and glass fiber filters are utilized for these studies, but
new data shows that some of the hydrocarbons are passing
through the filter material. This material, in the semi
-volatile range, must be collected on an organic adsorbant
such as XAD-2.

The key to obtaining a credible ambient air survey of RWC emissions

appears to be the method utilized to correlate the ambient sample to the

source emission. There are currently three main methods to separate the

total particulate catch to a fraction which is wood smoke. They are

listed below with their comments.

Particulate sizing on the Hi-Vol Sampler. Wood smoke is known
to be 80 percent in the 0.1-1 pm size range, so fractionating

this size eliminates other interferences but does not necess.

sarily preclude other condensibles or other fine particles.

Chemical Mass Balance (CMB). This method utilizes a detailed
analysis of the filter samples to identify compounds or elements
which are predominantly attributed to wood smoke emissions.
Examples of these chemicals are the potassium to iron ratio,
Levo glucosan and retene.

Carbonl% identification. This method utilizes the fact that
all vegetative and vegetatively derived material contains C14.
A known fraction of atmospheric C0, contains the C1? isotope
formed in the upper atmosphere by cosmic ray bombardment

of C12. Plants incorporate the C1¢ jsotope through photo-
syntheses. When the plant dies, incorporation of new C14
stops; the existing C!% in the plant starts to decrease decaying
to C12, (14 half life is ~5,730 years. Over the hundreds of
millions of years since the vegetation died, which now appears
as coal, oil, or natural gas, virtually all of the C!¢ has
decayed to C12. The C12/C!¢ ratio in ambient particulate
matter is a measure of the fraction contributed by wood
combustion. For best results, the analysis is performed on
the <2.5 um particulate fraction to separate the smaller
combustion derived particles from the larger vegetative
particles such as soil and bits of leaves entrained in wind
blown dust.



5. SAMPLING AND ANALYTICAL METHQODS

There has been considerable controversey surrounding the use of
sampling methods both for source evaluation and ambient monitoring of
woodétove emissions. As noted earlier in the discussion of emissions,
very few people use the same method and 1ittle work has been done to
evaluate the accuracy and precision of each method. A brief description
of each method is provided below.

5.1 SAMPLING, SOURCE
5.1.1 Semi-VOST (Modified Method 5) Sampling and Analysis Procedures for
the Determination of Semi-Volatile Compounds from Combustion Sources

Gaseous and particulate pollutants are withdrawn from an emission
source at an isokinetic sampling rate and are collected in a multicomponent
sampling train. Principle components of the train include a high effi-
ciency glass or quartz fiber filter and a packed bed of porous polymeric
adsorbent resin. The filter is used to collect organic laden particulate
materials, and the porous polymeric resin to adsorb semi-volatile organic
species. Semi-volatile species are defined as compounds with boiling
points greater than 100°C.

This method is currently being studied in an EPA/IERL project. The
purpose of the project is to validate the semi-VOST procedures and
determine the Method Detection Limit, Method Accuracy and Precision, and
Interferences.

A schematic of the sampling train used in this method is shown in
Figure 5-1. This sampling train configuration is adapted from EPA
Method 5 procedures and as such, the majority of the equipment required
is identical to that used in EPA Method 5 determinations. The new
components required are a condensor coil and a sorbent module, which is
used to collect semi-volatile organic materials that pass through the
glass or quartz fiber filter in the gas phase.

5-1



Filter Holder

“ "f Stack Wall
Thermocoupls Probe
o L] o esm- / Thermometer
“S” Type clone Check Val
Pitot : ) fffE? »~ v
J W Heated Zone]
Pitot l o | Silica Gt
g <
Manomater ] e ’c, SN -
¢ - - B
s ot ~%— ics Bath
| |
Water v Line
Reclrcutation Pump Knockout Impinger ‘ m

om:':m‘m“-q)OQ'\ B'E.:.%' 9

L~

Dry Gas Meter  Air-Tight
Pump

‘Ado> aiqejieae 159q
Wwouy pasnposday

Figure 5-1. Semi-VOST train schematic diagram.



5.1.2 Oregon Source Sampling Method 7

Particulate matter including condensible vapors are withdrawn
isokinetically from a flowing gas stream. The particulate matter is
determined gravimetrically after extraction with organic solvents and
evaporation.

This method is applicable to stationary sources whose primary
emissions are condensible gases. It should be considered a modification
of Source Sampling Method 5 as shown in Figure 5-2.

The probe, sampling train, and metering system are the same as
outlined in Source Sampling Method 5 with the following exceptions:

) The heated filter and cyclone are optional, but should be used
if significant quantities of solid particulate are present.

] An unheated glass fiber filter is placed between the third and
fourth impingers.

5.1.3 The Source Signature (52) Sampler (Dilution Sampler)

Figure 5-3 is a diagram of the principal compdnents of the S2

sampler. The 52 sample train is made up of an isokinetic sampling
probe, a dilution system, the two parallel filter trains, and the
necessary flow control systems. The raw wood smoke is sampled from the
stack at approximately 20 1pm and diluted to approximately 200 1pm with
clean air. This dilution takes place in a dilution tube, 25 cm long and
2 ¢cm in diameter.

" Equal portions of the diluted aerosols are pumped through the two
filter trains. The particles larger than 2.5 pym in aerodynamic diameter
are cut from the stream in cyclones. ‘The remaining fine particles are
collected simultaneously on a Teﬂon® and a quartz filter. Both filters

8 filter is

have a 1-pym pore size and are 37 mm in diameter. The Teflon
used in the X-ray analysis procedure. The quartz filter is used in the
carbon analysis procedures. In addition to the S2 sampler, this method
requires measurement of the chimney or stack flow rate. Measuring this
flow rate can be difficult, given the low velocity in natural draft
chimneys, but a standard "J" type Pitot tube with an electronic manometer
sensitive to 0.001 mmHg provided suitable flow measurements in the

laboratory.
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5.1.4 Dilution Sampler (Condar)
Particulate emissions can be sampled by pumping a portion of the

flue gases through a filter. Two versions are detailed in Figure 5-4.
The unit consists of a sampling pipe that is inserted into the stack
about two féet above the stove. The sampling pipe has numerous small
holes that allow room air to dilute and condense the flue gases. This
mixture then basses into the filter housing where the particulates are
collected on filter paper. A vacuum motor is used to pump the flue
gases through the system. This procedure samples 10 to 17 percent of
the total stack exhaust flow.

5.1.5 Source Assessment Sampling System (SASS)

Particulate and semi-volatile organic materials are withdrawn from
a source at constant rate near isokinetic conditions and are collected
in a multi-component sampling train. '

Three heated cyclones and a heated high-efficiency glass or quartz
fiber filter remove and collect the particulate material from the sample,
and a packed bed of porous polymeric resin adsorbs the semivolatile
organic species.

Chemical analyses of the sample are conducted to determine the
concentration and identity of the semi-volatile organic species and
gravimetric determinations are performed to approximate particulate
emissions.

A schematic of the sampling train used in this method is given in
Figure 5-5. This sampling train configuration is that of the Source
Assessment Sampling System (SASS) as supplied by Anderson Samplers,
Inc., Atlanta, Georgia.

5.1.6 EPA Method 5--Determination of Particulate Emissions from Stationary
Sources with Condensate Collection Analysis for Gaseous Emissions

Particulate matter and gaseous emissions are withdrawn isokinetically
from the source and collected on a glass fiber filter maintained at a
temperature in the range of 120 + 14°C (248 + 25°F) and in water collection
impingers. The particulate mass, which includes any material that
condenses at or above the filtration temperature, is determined gravi-
metrically after removal of uncombined water. The collected gaseous
emissions are analyzed by ether chloroform extracts of the impinger

solutions.
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This method is applicable for the determination of particulate
emissions from stationary sources. Chemical analyses of the condensate
sample are conducted to determine the concentration and identity of
hydrocarbon emissions.

A schematic of the sampling train used in this method is shown in
Figure 5-6. Complete construction details are given in APTD-0581
(Citation 2 in Section 7).

5.1.7 Cryogenic Trapping

Cryogenic trapping is routinely used to concentrate organics in air
samples for injection into gas chromatographs. This preconcentration
affords detection limits in the sub-parts-per-billion range with adequate
reproducibility. Cryogenic traps are usually constructed of capililary-~
bore chromatographic grade stainless steel tubing formed into a loop.

The loop is immersed in a cryogenic bath for trapping. Liquid nitrogen
is most often used as the cryogenic fluid (boiling point - 195°C).
Typically, an evacuated reservoir of precisely known volume is used to
pull sample gas through the cryogenic trap. The volume of the gas

sample is calculated from the pressure change in this reservoir. The
concentrated organic sample is released into the GC by removal of the
capillary tube from the cryogenic bath followed by heating. Figure 5-7
presents an example of a typical thermal desorption device with cryogenic
trapping.

5.2 SAMPLING, AMBIENT
5.2.1 Ambient Sampling With Hi-VOL Sampler

Air is drawn into a covered housing and through a filter by a
high-flow-rate blower at 1.13 to 1.70 m3/min (40 to 60 ft3/min) that
allows total suspended particulates (TSP) with diameters of <100 um

(Stokes equivalent diameter) to collect on the filter surface. Particles
with diameters of 0.1 to 100 um are ordinarily collected on glass fiber
filters. When a sampler is operated at an average flow rate of

1.70 m3/min (60 ft3/min) for 24 h, an adequate sample can be obtained
even in an atmosphere having TSP concentrations as low as 2 pg/m3.
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Figure 5-7. Assembled Hi-Vol sampler with shelter housing.
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The mass concentration (ug/m3) in ambient air is computed by
measuring the mass of TSP collected and the volume of air sampled.
Thus, this method is applicable to measurement of the mass concentration
of TSP in ambient air. The size of the sample collected is usually
adequate for other analyses.
5.2.2 Dichotomous Hi-Vol Sampler

Air is drawn through a mechanical separator enclosed in a covered
housing and through a filter by a high-flow-rate blower. Particles with
diameters greater than 2.5 pm are deposited in the mechanical separation
chamber while particles less than 2.5 ym are captured on the glass fiber
filter. The smaller size fraction can be separated for analysis either
by gravimetric means or by specific compound or element identification.
5.2.3 Hi-Vol Sampler With Adsorbent

A high volume sample can be operated in either of the above modes

of operation with an adsorbent placed after the glass fiber filter. The
purpose of the adsorbent is to trap (adsorb) any condensible organic
material which can be extracted or disorbed later. Recent studies have
shown this to be a measurable fraction (>10 percent of the total catch).

5.3 LAB
5.3.1 Gas Chromatograph/Mass Spectrometer (GC/MS)
The Gas Chromatograph/Mass Spectrometer (GC/MS) is an ultra high

sensitive analytical instrument. The instrument produces mass spectra
of volatile and semi-volatile samples separated by the gas chromatograph
or of samples introduced via a solid probe inlet.

The sample introduced via the GC is separated by the column and
introduced into the source of the MS. The sample is ionized in the
source and sent through a mass filter where a range of masses is scanned
over a period of seconds. The output is a chromatogram which is charac-
terized by the masses present and the elution time.

The sample introduced by solid probe is volatilized directly in the
source and is characterized by the mass spectrum.

Data collection and manipulation are controlled by a dedicated
computer system which minimizes operator time and report writing.
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5.3.2 lon Chromatography (IC)
Ion chromatography is used to identify and quantitate organic and

inorganic ions in solution. IC combines the separation capabilities of
ion exchange resins with conductivity detection. Small sample amounts
are loaded onto ion exchange'co1umns whﬁch separate the ions by their
charge and size. The separated ions are detected by an increase in
conductivity as they elute off the columns. The order of elution and
the increase in conductivity determine the identity and quantity of the
ion. To prevent background conductivity interference, a second exchange
column converts the background ions to a common ijonic form. Minimum
detectable limits are often as low as 10 parts per billion or less.
5.3.3 HPLC/UV - Fluorescence

HPLC is a high pressure, highly efficient, high speed chromatographic

technique. Variations of the experimental conditions and use of different
detectors provides an immense work scope, and separations that are
difficult or impossible by other means such as gas chromatography.
Particular advantages of HPLC over gas chromatography are its ability to
cope with polar, high molecular weight, thermally labile or relatively
non-volatile compounds, and the ease with which fractions can be collected
for further analyses.

The combination of a UV and a dedicated fluorescence detector
allows the analyst to be specific and very sensitive (sub-nanogram) in
the quantitation of fluorescent compounds such as polynuclear aromatic
hydrocarbons (PNA).
5.3.4 Gas Chromatograph (GC)

The Gas Chromatograph is a sensitive analytical instrument which

may identify any volatile or semi-volatile sample by means of separation,
temperature and retention time. The unknown sample is introduced into a
heated injector where it is volatilized and passed through a column by

an inert carrier gas. The column is selected based on either the physical
characteristics of the unknown or of the expected compounds.

The detector is selected based on the expected compounds.

The Electron Capture (EC) Detector is a radioactive source and is
extremely sensitive to chlorinated hydrocarbons. This makes it especially
suitable for analysis of volatile pesticides and most chlorinated
compounds.
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The Flame Ionization (FI) Detector is based on an oxidative hydrogen
flame that ionizes molecular fragments which are collected at an electrode.
The FID is less sensitive than the EC but is nearly uniform to all
organics containing only carbon and hydrogen. Certain gases give little
or no signal, i.e., HpS, CS,, CO, thch makes them excellent solvents or
media for analysis.

5.3.5 Metals

5.3.5.1 Inductively Coupled Plasma (ICAP). ICAP identifies and

quantitates metals in solution. Atomic and ionic emission are measured

at variable wavelengths of light. The sample is aspirated into an argon
plasma flame. The energy of the flame excites either the atomic or
jonic electrons. As the electrons fall back to their unexcited states,
light is emitted. The intensity of this emission is measured by a
photomultiplier tube. A double monochromator is used to observe many
different wavelengths of 1ight per analysis. The wavelength of emission
and the intensity identify and quantitate the metal.

Determination of most metals is possible with minimum detectable
limits as low as 5 parts per billion. Each analysis run can usually
check for 30 to 40 elements. Generally, the amount of spectral overlap
and interference is the main limiting factor on the number of elements
checked for per analysis.

5.3.5.2 Atomic Absorption (AA). Atomic absorption identifies and

quantitates metals in solution. A sample is aspirated into a flame and
atomized. A light beam is directed through the flame into a monochromator,
and onto a detector. The detector then measures the amount of 1light
absorbed. The amount absorbed in the flame is proportional to the
concentration of the element in the sample.

Absorption depends on the amount of free unexcited atoms. Usually,
the ratio of unexcited to excited atoms is very high, which increases
the sensitivity. Since each metal has its own absorption wavelength, a
source lamp made up of that element is used. This makes the method
relatively free of spectral interferences. However, each lamp can check
for only one metal per analysis. The detection limits are often as low
as 5 parts per billion.
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6. ALTERNATIVE DESIGN APPROACHES
TO RESIDENTIAL WOOD BURNING APPLIANCES

Several alternative residential woodstove designs have been or are
being developed with the goals of improved overall efficiency and lower
emission generation. Some of these designs are new, while others are
old ideas which are being re-evaluated. These old ideas were initially
designed for better fuel efficiency but are now being re-evaluated from
an emission standpoint. Most of these alternative approaches fall into
two main categories: those which utilize cord wood and those which use
wood in other forms such as pellets or chips.

6.1 CORD WOOD DESIGNS

Most of the alternative cord wood burning stoves are designed to
increase both the combustion efficiency and the subsequent transfer of
the energy released into the room. These designs have been developed
primarily to increase the overall thermal efficiency. Usually, increasing
thermal and combustion efficiency results in lowered emissions.

The combustion of cord wood is inherently inefficient. In the
localized combustion areas within the individual pieces of wood, there
is insufficient oxygen present to fully combust the volatile organic
compounds and CO driven out of the unburnt wood adjacent to the burning
wood. In ordinary air tight stoves (and even in open fireplaces with
high excess air), these combustible compounds are subject to rapid
cooling once they are driven out of the wood and start to flow toward
the flue. As soon as the temperature drops below the ignition point, no
further burning will occur, no matter whether oxygen is present or not.
Most secondary combustion stoves attempt to maintain these unburnt fuel
components produced in the primary combustion zone (grate area) at a
sufficiently high temperature and to provide sufficient oxygen so they

will burn more completely. The two principal secondary combustion
. variants are defined by the absence or presence of a catalyst.
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Noncatalyst secondary combustion stoves must maintain gas
temperatures above 1,100°F to achieve ignition of the CO while providing
sufficient oxygen. This appears to work well at high burn rates but is
difficult to maintain at low burn rates. This trend can be seen by
comparing tests OM2-84-1 through 7, Table 3-1. Note the low PM values
at the higher burn rates. Several sources reported high operator
attention was needed to maintain secondary combustion at Tow burn rates.

Placing a catalyst in the flue gas stream lowers the ignition
temperature to about 400°F, thus greatly improving the changes for
successful secondary combustion. Evidence for this can be seen by
looking at tests OM2-84-30 through 33, Table 3-1. Note the low PM
factor (1.1 g/kg) at a burn rate of 0.8 kg/hr. Catalysts; however, are
not panaceas. Excessive temperature will cause melting and agglomeration
of the precious metal greatly reducing the available contact area.
Sulfur in coal and heavy metals in colored inks may poison the catalyst
reducing its effectiveness. Even under normal homeowner use, effective-
ness will decline, requiring periodic replacement of the catalyst
cartridge to maintain good emission control.

6.2 NONCORD WOOD DESIGNS

Most noncord wood stoves utilize wood in the form of chips or
compressed pellets. This form of wood fuel has commonly been burned in
industrial wood boilers, but has seen very limited application to
residential heating either in central systems or parlor stoves. The
principal advantage of burrning wood in this form lies in the fact that
each piece of fuel can be burned quickly in a nearly ideal temperature-
oxygen environment which ensures virtually complete combustion.
Three residential-use stoves now entering the marketplace all employ a
hopper to store 1 or 2 days fuel in pellet form. The fuel is automati-
cally fed by an auger or similar device into the combustion zone at a
variable rate dependent on home heating demand. Obviously there is a
minimum rate required to maintain a continuous fire. Two drawbacks to
widespread use of pellet- or chip-fueled residential stoves are
(1) limited availability of fuel, and (2) loss of asthetics associated
with gathering wood and tending the fire. Currently, pellets and chips
are generally available only in those areas of the country where logging
for construction and pulpwood are common. Certainly, if demand arose in
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other parts of the country, suppliers would move into the market. The
problem may be that homeowners will not buy a stove unless the fuel is
readily available.

The fluidized bed optimizes the three "Ts" of combustion (Time,
.Temperature, and Turbulence). There was only one test citation available
for this search, but it appeared to have promising results - lower
emissions with increased efficiency.

The tunnel burner mentioned in one citation claimed to have a
99.999 percent reduction in POM emissions. Both of these burner
modifications were used with wood chips or pellets to provide continuous
feed to the systems.

Loss of the alsthetic appeal would be more difficult to counter.
Convenience is certainly a positive selling point. At least a segment
of the public would also react positively to the greatly reduced
environmental impact of a clean burning stove.
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Descrirtors! XCREOSOTE----RBUILDUP; ¥STOVES~----COMBUSTION FRODUCTS
¥STOVES-~--DESIGN; xWOOD RURNING AFPLIANCES----COMRUSTION PRODUCTS; %W0OD
BURNING APPLIANCES----ENERGY EFFICIENCY 5 AIR QUALITY; CATALYTIC COMEUSTORS
7 COMBUSTION CONTROL; COMPARATIVE EVALUATIONS? CONTROL SYSTEMS; FLUE GAS;

INDOOR AIR POLLUTION; PARTICULATES

Srecial Terms:! AIR POLLUTION; AFFLIANCESi COMBUSTORS;
i ENVIRONMENTAL QUALITY; GASEOUS WASTES: FARTICLES;: POLL

EFFICIENCY
STES
Class Codes! 421000%; 320101; 0904005 500200

23/5/9
0147914 EIMB8304027914

EFFECTS OF FIRING RATE AND DESIGN ON DOMESTIC W0OD STOVE FERFORMANCE .

Haudens A+ C. S.# Braatens» R. W.

Der of Enerduys Mines & Resour: Ottawar, Ont, Can .

Proceedings - Residential Wood & Coal Combustion Specialtu Conference.
Louisvilles Kus USA _ Mar 1-2 1982 .
~ Sponsor! APCAs Resid Fuel Combust Comm» Pittsburahs P3» USA# AFCA»y Indoor
Air Qual Caomm, Pittsburghs Fa, USA

Source! Publ by APCA (Srec Conf Froc SP-ﬂS)v FPittsburghy FPas USA p 56-69
1982

Languades! English Conf. No.: 01834

Descrirtors! STOVES-Performance )

Identifiers!? CONTROLLED COMBUSTION WOOD STOVES; INCOMPLETE COMBUSTION;
CORRFSFOANNTING HTRH FMTRQTHMQ:. C1NSE RFIATTINN NFE FMTQQTAN | FUFE G NF  FARRNN

3 3 ({1t LRALIALAL
1 UNBURNI? SENDLILIVLIIT U FARINOG RHIE ﬁ:LUNlLNLIALHL n
;z:EAS¥BGE DEPENDENT; TWO TECHNICAL STRATEGIES FOR REgggINGL§¢¥ﬁ§IgsFEE¥EB§
y g WER LEV i
H SHIFTING OF CRITICAL RURMN RATE TO LO .
éHISSIONS AT HIGHER BURN RATESS IMFORTANCE OF DETERMINATION OF CRITICAL
RATE; EVALUATION OF woOD FIRED APFPLIANCES

Classification Codest 643i 811i 5213 451
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Effects of woodburnind on indoor rollutant concentrations

74. annual meeting of the Air Follution Control Ascociation, Session
22, Enerdy conservation effects on indoor air pollution (TT-7)

Moschandreass D.J. (GEOMET Techriolodies Inc.s Rockvilles MD); FPelton,
D.Jd.i Berds D.R.

14 py Parer 2 P. 1981

74, annuyal meeting of the Air Pollution Control Association
Philadelrhiar» PAs» USA 21 Jun 1981

Country of Publication! United States

Publ?! Air Pollution Control AssociationsPittcburgh, PAy

Journal Announcement: EDB8306

Rerort No.! CONF-810431~

Document Tuyre! Analutic of a Booki Conference literature

Langduages! Endglish

Elevations in the concentrations of carbon monoxider totesl susrended
rarticulates: and benzo-3-purene are 3ssociated with fudgitive indoor
emissions from indoor woodburning activity in firerloces 2and woodstoves.
While indoor woodburning activituy can not be statistically asssociasted with
elevated indoor concentrations of total aldehudecs and formaldehude the
existence of indoor sources of these ~rollutants hze emerszed from the
collected data base, The oreration of firerlaces leuds to 3 morked increase
of the infiltration rate of the room with the firerlzcce. Thig leads to
waste rather than savindg ¢f enerdu, This 1is a8 rilot study znd its
conclusions must not be deneralized to the Americen housing stock. It is
apparent, houwever» that woodburnind ic an indoor activity that lesds to an
increase of human exposures to TSP and BaPy and it m3y contribute a
sidnificant rortion of an individual’s total exrosure to thoce rollutants
and their associated health effects.

Descriptors! XBENZOPYRENE-~---ECOLOGICAL CONCENTRATION XCARBON
MONOXIDE----ECOLOGICAL CONCENTRATION’ XFORMALDEHYDE----ECOLOGICAL CONCENTR-
ATIONS XHUMAN POPULATIONS----HEALTH HAZARDS; XPARTICULATES----ECOLOGICAL
CONCENTRATION; xW0OD FUELS----COMERUSTION FRODUCTS; *WOOD FUELS----ENVIRONM-
ENTAL EFFECTS 3 CARCINOGENS; ENERGY CONSERVATIONS FIREFLACESS HOUSESS
INDOOR AIR POLLUTION; SPACE HEATING

Srpecial Terms! AIR POLLUTION; ALHEHYDES; AROMATICS: BUILDINGS? CARBON
COMPOUNDS? CARBON OXIDES; CHALCOGENIDESS CONDENSED AROMATICS; ENERGY
SOURCES7 FUELS? HAZARDSi HEATING? HYDROCARBONS’ ORGANIC COMPOUNDS; OXIDES;
OXYGEN COMPOUNDS} PARTICLES/ POLLUTION; POPULATIONS: RESIDENTIAL BUILDINGS

Class Codes: 500200x
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EFFECTS OF WOODSTOVE DESIGN AND OFERATION ON CONDENSAERLE FARTICULATE
EMISSIONS.

BRarnetts Stockton G.3 Shea» Damian

State Univ of NY, Plattsburdghrs USA

Proceedings - 1981 International Conference on Residential Solid Fuels,
Envirenment3al Imeracts 3nd Solutions. Portland, Oredgs USA Jun 1-4 1981

Sponsor: Ored Grad Cents» Beaverton» USA; Northwest Environ Res Cent» USA;
Omark Inds Ored Saw Chain Divs USA

Source! Publ by Ored Grad Cents» Beavertons USA p 227-256 1982

Languades! Endglish Conf. No.: 00722

Descrirtars! WOOD-Combustion

Identifiers? FLUE GASES; WoOon STOVE DESIGNs FILTERS; FLOWMETERS:
THERMOSTATS? AIR POLLUTION; CRITICAL STACK TEMPERATURES CONVECTIVE HEATER

Classification Codes: 8117 S213 8023 AS1i 6433 732

8-8



18/5/35
81-00172

Environmental imract of residenticl wood combustion emissions and its
implications.

Coorery J. A,

Oredon Graduate Centery Dert. of Environmental Sciences 19600 NW Walker
Rd.» Beaverton, OR 97005

Air Pollution Control Asgocistion. Journal 30(8): 855-861, Coden:
JPCAAC Publ.Yr: Aug 1980

illus. 55 refs.

No abs.

Landuades?! ENGLISH

Doc Ture! JOURNAL PAPER

A direct measurement of the imepact of residential wood combustion (RWC)
sources on ambient 3ir particles showed that on 3 moderatelw cold day in
Jan. 1978y S1%Z of the respirable rarticulstes in a Portland, Oredon»
residential ares were from RWC sources. The results of 3 Vail,» Colorados
survey showed that emissions from RWC could contribute <=0,64 T of
particulates/d to the wvalleu’s 3air epollution levelce, Health concerns
relate to erarticulastes and chemicals formed due to incomplete combustion.
Two recent studies measured >100 chemicals and compound drours in emissions
from burnind wood and wood-burning stoves (WES). The results are shouwn.
Emissions from RWC sources must be considered 2 rpotential mador threat to
public health. There are currently 7 national ambient air qualite
standards 3nd others are being considered. The mador emissions and their
emission factors for WBS and fireplaces are listed, These emissions
normalized to 3 hurothetical WEBS rarticulate 1level in the ambient
environment 3are compared with ambient standards for an ascute imeact where
WBS emissions are rostulated to account for 26860 mug/m3 of rarticulates.
Emissions from RWC sources aprear more significant when comepared to other
fuels for residential srpace heating and transportation sources. (FT)

Descrirtors! Environmental impacti Combustioni Emiscionsi Particulatess;
Woodsi Air pollution

Identifiers: residential wood combustion
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Environmental impact of residential wood combustion emiscions and its
implications

Coorers J.A.

J. Air Pollut. Control Assoc. (United States) 30:8 855-861 FP. 1980
Coden: JPCAA

Journal Announcement! EDB8308

Document Tyre: Journal Article

Landuades! Endlish

Work Location! United States

Currentls available information suddests 3 substantial environmental
impact from residential wood combustion emissions, Air pollution from this
source 1is widesprread and increasing. Current ambient mezsurements:
surveysr and model predictions indicate winter resrirable (<2 micrometers)
emissions from residential wood combustion cun easiluy exceed 3ll other
SOUTCEeS., Both the chemical rotency and deliverability of the emissions
from this source are of concern. The emissions are almost entireluy in the
inhalable size range and contain toxic and erioritsy eollutants,
carcinodensy co-carcinodgensy ¢ilia toxics mucus coadulztindg sdentsy and
other reseriratory irritants such a3t rhenols, aldehwdess etc, This source
is contributing substantially to the ronasttainment of current rarticulatey
carbon monoxides and husdrocarbon smbient 3ir cuality standerds and will
almost certainly have a sidnificant imepact an protential future standards
such 3s inhalable rParticulates» visibilite» and other chemically srecific
standards., Emission from this growind source is 1likely to reaquire
additional exrenditures bws industry for air rollution comntrol equirment in
nonattainment areas.

Descrirtors! *WOON-~~--COMBUSTION PRODUCTSS *Woon BURNING
APPLIANCES----ENVIRONMENTAL IMPACTS AIR POLLUTION; AIR FOLLUTION
ABATEMENT ALDEHYDES CARBON MONOXIDES CARCINOGENSS COMBUSTION;

ENVIRONMENTAL EFFECTSS HOUSES FARTICULATES PHENOLS ¢ POLLUTANTS ¢
RESIDENTIAL SECTORS RISK ASSESSMENT -

Special Terms! APPLIANCESi AROMATICS; RUILDINGS; CARBON COMPOUNDS: CARRON
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COMPOUNDS; OXIDATION; OXIDES; OXYGEN COMPOUNDS; FPARTICLES: POLLUTIONS
POLLUTION ABATEMENT; RESIDENTIAL BUILDINGS; THERMOCHEMICAL FROCESSES
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EMISSIONS AND THERMAL FERFORMANCE MAPPING FOR AN UNBAFFLED, AIRTIGHT WOOD
APPLIANCE AND A BOX TYPE CATALYTIC APPLIANCE.

Knights Cs Vi Grahams M. S.

TVAs» Chattanocodar Tenn» USA

Proceedings - Residentisl Wood & Coal Combustion Srecialts Conference.
LLouisville, Kuyr USA Mar 1-2 1982
—ssonsor ! APCAY Resid Fuel Combust Comm» Fittsburgh, P3r» USAi AFCAs Indoor
Air Qual Commey Pittsburghes P3ar USA

Source! Publ by APCA (Srec Conf Proc SP-~45), Pittsburgh, Pa, USA p 25-55
1982

Landusdes! Endlish Conf. No.: 01854

Descrirtors: STOVES

Identifiers? TENNESSEE VALLEY AUTHORITY TESTING OF RESIDENTIAL W0OOD
HEATINGs ENERGY USE TEST FACILITY; EMISSION FACTORS; EFFICIENCIES; GAS
CONCENTRATION MONITORING TEMFERATURE AND WEIGHT DATA MONITORINGS
THERMODYNAMIC COMPUTER MODEL FOR CALCULATIMG EMISSION FACTORS AND; INDIRECT
STACK LOSS METHOD; COMPARISON OF RESULTS WITH OTHER TEST DATAs DATA FOR
LOWER BURN RATES; OPTIMUM OPERATING CONDITIONS
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Ev§1uation qf an S2 Sampler for Recertor Modelind of Woodsmoke Emicsions

Northrop Services» Inc.» Research Triandle Parks, NC,

Corr, Source Codes: 0358582000

Seponsor! Environmental Sciences Research Lab.» Recearch Triandgle Farks
NC.,

Rerort No.! EPA-400/D-83-099

Aug 83 20F

Landuades! Endglish

NTIS Prices! PC AO2/MF AO1 Journal Announcement! GRAIB32S

Country of Publication! United States

The Source Sidnature (sauared S) samrler was develorped to choracterize
the carbon (C) and elemental components in fine particulate emissionc from
a residential wood burner. The hot exhaust is sampled and diluted with
filtered a3ir to simulate normal diffusion. The resulting serosol is rassed
through a 2,5-mu m cyclone and the remainind rarticles collected on tuwo
parallel 1-mu m filerss one auartz 3nd one Teflon., The auartz filter allous
an3lysis of carbon content and the Teflon filter 3llows elemental analysis
by x-ray fluorescence., Both filters are 3lso weighed to determine the
mass—~emission rate. The test rrodram’s main obdectives were (1) to tect and
improve the rerformance of the method:» and (2) to make 3 laboratory
me3asurement of the elemental comrposition including the carbon comronent to
establish a source sidnature for use in recertor modelind.

Descrirtors! xM3ssi XFinesi ¥Air rollutioni *X~-ray fluorescences
XSamplersi ¥Chemical analusisi Mathematical modelss Particless Desidn
criteriai Performance evaluationi Comeparison

Identifiers: %XWood stovesi XAir qualityi *Source sidnature camrlersi XAir
Polliution samrplinds Air rpollution detection; NTISEPAORD

Section Headinds! 14B (Methods 3and Eauirment--Laboratories: Test
Facilitiesy and Test Eauirment)i 7D (Chemistruy--Phusical Chemistry)i &84
(Environmental Pollution and Contrel--Air Pollution and Control)i 99A
(Chemistry--Analuytical Chemistry)
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EXPERIMENTAL MEASUREMENTS OF EMISSIONS

STOVES, FROM RESIDENTIAL WOQOD-BURNING
° H;bble» B. R.j Stetter» J. R.i Geberts E.; Harknescr J. B, L.j Flotard»

Ardonne Natl Laby Ill, USA
Proceedinds - 1981 International Conference on Residential Solid Fuels,

.Environmentsl Impacts and Soalutians. Partland. Nroc. IISA dun 1-4 191
PRFONBOP: UTeS L300 LEMNLr BeaVErLONy UIHY NUPLIWESL CHVLIUN RED LetiLy UOHY
Omark Ind: Ores Saw Chain Divs USA

Source! Publ by Ored Grad Cents Reavertons USA p 79-138 1982
Landuades! Endlish Conf. No.,! 00722

Descrirtors! WOOD-Combustion
Identifiers! ORGANIC EMISSIONS; STACK GAS TEMPERATURESS

REGUIREMENTS; LOGS; CREOSOTE; ENVIRONMENTAL ASSESSMEMT .
DATA SYSTEMi ASH HANDLING
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HEATING
CHROMATQOGRAPHY

217577

146303 £80-006112

EPA’S RESEARCH PROGRAM FOR CONTROLLING RESIDENTIAL WOOD COMBUSTION

ISSIONS,

HALL ROBERT E. 3 DEANGELIS DARYL G.

(EPA) AND3 (MONSANTO RESEARCH CORF» OHIO)

APCA J» AUG 80y V30» N8By PB62 (4)

RESEARCH REPORT: AN EPA-FUNDED STUDY BY THE MONSANTO CORP, OF OHIO» WAS
CONDUCTED TO QUANTIFY CRITERIA FOLLUTANTS AND TO CHARACTERIZE OTHER
ATMOSPHERIC EMISSIONS FROM WOOD-FIRED RESIDENTIAL COMBUSTION EQUIPMENT,
MAJOR FINDINGS OF THE MONSANTO CHARACTERIZATION STUDY ARE DISCUSSED.
EQUIPMENT TESTED INCLUDED A ZERO CLEARANCE FIREPLACE AND TWO AIR TIGHT CAST
IRON STOVES., WOOD TESTED INCLUDED SEASONED AND GREEN RED OAK AND YELLOUW

SULFUR OXIDESs, ORGANIC SPECIES, CONDENSABLE ORGANICS» PARTICULATES» AND
TRACE ELEMENTS., BIOASSAY ANALYSES OF THE STACK EMISSIONS AND ROTTOM ASH
WERE PERFORMED. (2 GRAPHSy 10 REFERENCES, é TABLES)

DESCRIPTORS! XEMISSION CONTROL PROGRAMS i XEPAs» FEDERAL 5 *SPACE HEATING»
DOMESTIC 5 xWOOD ENERGY 5 XPARTICULATES 3 ¥AIR SAMPLING BIOASSAY
CHROMATOGRAPHY, GAS 7 NITROGEN OXIDES i SULFUR OXIDES

REVIEW CLASSIFICATION: 01
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FACTORS AFFECTING w0OOD HEATER EMISSIONS AND THERMAL PERFORMANCE.

Harpersy J. P.# Knights, C. V.

TVAy USA

Environaental and Econaomic Considerations in Enerdy Utilization:
Proceedings of the 7th National Conference on Enerdy anmd the Environment.
Phoenixs Ariz» USA Nov 30-Dec 3 1980

Sronsor: DOEy Washindtane NCy 1ISAS FPA. lWachinatnne. NI, 1184

SOUrCe. vuol'us AN RFDOT DCL PFUGL Ly MACN?r UOH F UJOT w04 L7041

ISBN! 0~-250-40468-0

Landuadges! English Conf. No.: 00534

Descrirtors! STOVES-Wood

Identifiers: RESIDENTIAL HEATINGS TEMNESSEE VALLEY AUTHORITY
ENVIRONMENTAL IMFPACTSi CARBON MONOXIDE}: HYDROCARBOMS § COMPARATIVE
EVALUATIONS; EMISSIONS DATA; EFFECTIVE FUEL SIZE; COMBUSTION EFFICIENCYS
HEAT TRANSFER EFFICIENCY
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Health Effects of Residential Wood Combustion! Surveu of Knowledde and
Research

Derartment of Enerdy, Washington: Dc. Office of Environmental
Assessments.

Corep. Saurce Codes! 052441219 9511689

gﬂ? an k¥ TS .

Languades! Endlish

NTIS Prices! PC AQ03/MF A0l Journal Announcement! GRAIB1115 NSAQ400

Country of Publication! United States

Health and safety issues related to residential wood burning are
examined. Current research and findinds 3re also describeds and research
status is assessed in terms of future health and safetw reauirements. (ERA
citation 06:002170)

Descrirtors! X%Combustioni %Woodi Air rpollution; Efficiencyis Health
hazardsi Residential sectori Safetui Stoves

Identifiers! ERDBA/1405043 NTISDE

Section Headings! 6F (Biolodical and Medical Sciences--Environmentsl
Bioloduy)i 648G (Environmental Pollution and Control--Environmental Health
and Safety)i 484 (Environmental Pollution and Control--Air Pollution and
Control)i 97J (Enerdy--Heatind and Cooling Systems)

18/5/3
82-03065

Factors Affecting Wood Hezter Emissions and Thermal Ferformance

Harrars J.P.§i Knights C.V,

TVA

Seventh Nat. Conf, Enerdy & Environ. Fhoenixs AZ 30 Nov.-3 Dec., 1980

IN “ENVIRON. & ECON, CONSIDERATIONS IN ENERGY UTILIZ. e 956-564,
Publ.Yr! 1981 .

ANN ARBOR SCI. PUBL., INC.» 230 COLLINGWOOD, P.0O., BOX 1425, ANN AREBOR, MI
48106

SUMMARY LANGUAGE - ENGLISH

Landuades! ENGLISH

The erimary conclusion of this rerort from the environmental viewroint:
is by reducing emissions from wood heaters it is also rogsible to improve
the efficiency of these devices. Thereforer the need exists to do both
simultaneous emissions and efficiency testing. Secondlur fuel wood size may
be 3 maJor orerating varizchle doverning the efficiency and emission of
residentisl wood heaters.Thirdlys design considerationsy rFrimarily those
affecting air flow into the combustion zone and flue das resonance time in
the wood heater» tend to be present in the more efficient stoves.Fourthy a
comparative basis for evaluating different wood heaterss a rerformance
index» was rFrorosed. This rerformance inde:x ecualled the ratio of the
efficiency to the source severituy, This rerformance index could provide 3
basis for rank ordering those wood heczters which are the most highly
efficient and least rolluting devices.

Bescrirtors! heating sustemsi emissionsi
combustioni environment3al impact

thermodynamics? wood processingj
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High Altitude Testind of Residential Wood-Fired Combustion Eauirment

(Final rept.)

Petersy J. A, 3 DeAndelis» D. G.

Monsanto Research Corp.» Dauton» OH. Dauton L3b.

Corr, Source Codes: 018309001

Sponsor! Industrial Environmental Research Lab.s Cincinnati,» OH.

Rerort No.! EPA-600/2-81-127

Jan 81 48p

See 8lso rert. dated Mar 80, PRB0-1820446.,

Landuades! Endlish

NTIS Prices: PC AQ3/MF AO1 Journal Announcement:! GRAIB124

Country of Publication! United States

Contract No.! EPA-68-03-2350

To determine whether emissions from orerating a3 wood stove at high
3ltitude differ from those at 1low a3ltitude» 3 high altitude sampling
Program was conducted which was compared to rereviously collected low
altitude data. Emission tests were conducted in the identical model ctove
usind the same ture of wood with the same moisture contentr amount of wood
chardeds burnind rates air flow rater and identical sampling intervals and
Pport locations., Particulate emissionss carbon monoxider and polycuclic
organic matter were analuzed. ’

Bescrirtors! XStovesi ¥Air pollution’ X0Oak wood; Combustioni Flue dasesi

Ordanic compPoundsi Carbon monoxide’ Residential buildindsi Performance
tests

Identifiers! XWood burnindg arrliancesi Particulatess NTISEPAORD

Section Headings! 13B (Mechanicals Industrialy Civily and Marine
Endineering-~-Civil Endineering); 68A (Environmental Pollution and

Control--Air Pollution and Control)i 97R (Energu--Enviranmental Studiéc)
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" INDOOR EXFOSURE TO CARBON CONTAINING PARTICULATES ANDR VAFORS IN HOMES
WHICH USE W0OOD FOR HEATING.

McGilly K, Cs3 Millers» D. P,

Washburn Univy Torekar Kans,» USA

Proceedindgs - Residentisl Wood & Coz2l Combustion Srpecialty Conference,

Louisvilles Kyy USA___ Mar.1-2.1982.

~ gronsor: APCAy Resid Fuel Combust Comm» Pittsburghs Pa» USAj; APCAs Indoor
Air Qual Comms Fittsburdh» Fas, USA

Source! Publ by APCA (Spec Conf Proc SP-45), Pittcburghy» Pasr USA ¢
281-29S 1982

Landuades! Endglish Conf. No.: 018354

Descrirtors?! HOUSES-Fuels

Identifiers! PRELIMINARY RESULTS OF TESTING METHOD; THERMOGRPHIC METHOD;
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VIFFERENT WOOD BURNING DEVICESS NIFFERENT DEVICES GIVING RECOGNIZAELE
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CENTRAL FURNACE; METAL STOVES; EXFOSURE LEVELS
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IMPACT OF RESIDENTIAL WOOD COMBUSTION ON URBAN AIR QU
A H
MEAGURENEN TS LITY! FIRST AMBIENT
Coorery John A.3 Curries Llowd A.; Klouda» Georde A,
Ored Grad Cent, Beaverton
Proe Annu Meet Air Pollut Control Assoc 73rdsy v 1 Mon
s trealy Quer Jun
22-27 1980, Publ bu APCAs Pittsburghs Pas 1980 Pas ; 80-7 :
PRAPAP ISSN: 0099-4081 r v 13 e CopEN:
The impact of wood burning stoves and firerlaces on urban ai i
d 3ir quality has
been‘measured and determined to be a significant source of respirable air
particulates. One half aof the resrirasble air erarticulates in 3 residential
area of Portlapd: Oredon were found to have originated from wood combustion
sources. The 19Pact was determined using new low~level counting methods to
me::u;e b1$9enxc carban-14 and recently improved chemical mass balance
methods. he methods and results of this study are dis S
their implications. 34 refs, tecussed 8= well es
Descrirtors! %AIR POLLUTION-XAir Quali H i
1 - . R
FURNACESs SPACE HEATING-Combustion ‘tud  WOOD-Combustiont COMBUSTIONS
Classification Codes: 451 811} 5217 643
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MEASUREMENT OF WOOD HEATER THERMAL AND EMISSIONS PERFORMANCE.
Harpery Jerome P.3 Harpers Jerome P.3 Knight, C. V.
TVAy Chattanoogas USA
Proceedings - 1981 International Conference on Residentizl Solid Fuels:
Environmental Impacts and Solutions. Portlands Oreds, USA Jun 1-4 1981
Sronsor!: Ored Grad Centy Beavertons» USAi Northwest Environ Res Cents, USAj
Omark Inds Oreg Saw Chain Divsy USA
Source! Publ by Ored Grad Cent» BReavertonr USA p 210-226 1982
Landuades! Endlish Conf. No.! 00722
Descrirtors! WOOD-Heat Transfer
Identifiers! COMBUSTION; EMISSIONS PERFORMANCE; WOOIN HEATER TESTINGS
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MEASUREMENT TECHNIQUES AND EMISSION FACTORS FOR HAND-FIRED COALSTOVES.
Jaasmar Dennis R.3 Macumber», Dale W.
Vs Polutech Inst 8 State Univs Blacksburds USA
Proceedings - Residential Wood & Coal Combustion Srecialtuy Conference.

Louisviller Kus USA  Har 1-2.1982_

Sponsor: APCAy Resid Fuel Combust Comm» Pittsburghs» Pa» USA; APCAs Indoor
Air Qual Comms Pittsburdhs Pas USA

Source! FPubl by APCA (Srec Canf Proc SP-45), Pittsburgh, Fas usa »
129-150 1982

Langduades! Endlish Conf, No.: 01854

Negscrirtors! STOVES
Identifiers: RADIANT AND CONVECTIVE COAL STOVES; STUDY USING DILUTION

TUNNEL TECHNIQUES; REAL-TIME MEASUREMENTS OF GAS-FPHASE SFECIES EMISSIONS/
TIME-AVERAGED TOTAL PARTICULATE AND CONDENSARLE ORGANICS EMISSIONS: AVERAGE
HEAT RELEASE RATE} AVERAGE EFFICIENCIES FOR TWO STOVES STUDIED?} SENSIRBLE
ENERGY LOSS MAJOR FACTOR IN DECREASING EFFICIENCY; MEASUREMENT TECHNIQUES
FOR SMOKE EMISSIONS: ESTIMATE OF SAMPLING INTERVAL FOR ACCURATE EMISSIONS
AND EFFICIENCY
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Meetind on solid fuel room heaterc, Testind for efficicrncy end cofety
SoenJduy 0.K.3 Klausery T,

SINTEF» Trondheim (Norway)

186 P. Jun 1981

TIC Accession No.! DE83751440

Country of Publication! Norway

Journal Announcement! ERA8309

Availability! NTIS (US Sales Onlu)y PC AO9/MF AO1l; 1.
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Note! Portioms are illedible in microfiche rroducts

Document Tuyre! Rerorti Numerical dats

Landuades! Endlish

Subfile! ERA .(Enerdy Recearch Abstracts)s NTS (NTIS)

Work Location! Norwas

The main doal of the meeting wa3s to discuss testing pProceduress

standardsy and trends of the future for solid fuel room heaters. The
production and wuse of solid fuel room heaters are increseing at a3 rarid
rate on 3 world wide scaler and it was felt that it would bde verw

beneficial for exeperts on this subdect from various countriec to meet and
exchande information and exrerience. A further goal of the meetind was to
start some coorerative work on an internationzl bacis in this area. Senior
staff members from research testingd laborztories and governmental
institutions in U.S.» U.K.» West-Germany, DNerm3arks Sweden» Finland and
Norwas rerticirated. The rerort includes! A list of attendeec, minutes of

the meeting, notes taken during the meetind, corresrondencer and
parers/notes presented a3t the meetind. The technicsl rarere/notes include
the followindg torics? testingd of solid fuel room heaterss measurind

techniques and testindg methods» safety testings use of biomzcss» coorerative
prodramss and a3 parer on enerdy conservation in U.K. in relation to salid
fuel room heaters. 37 drawindsy 11 tables.

Descrirtors! *XSFACE HEATERS-~---THERMAL EFFICIENCYj *W00D RURNING
APPLIANCES----MEETINGS/ *WOOD BURNING APPLIANCES----PERFORMANCE TESTING;
XWO00Dl BURNING APPLIANCES----SAFETY 7+ AIR POLLUTION} CERTIFICATION: FIRE
HAZARDS? FIREPLACESi SOLID FUELS; STANDARNS} STOVES; WOODR BURNING FURNACES

Srecial Terms! APPLIANCESF DOCUMENT TYPES: EFFICIENCY; FUELSi FURNACES;
HAZARDS? HEATERS/ POLLUTION TESTING/ WQOD BURNING APPLIANCES .

Class Cades! 090400%; 1403045 299003 ; Z99%
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National Estimates of Residential Firewood znd Air Follution Emiscions

Lirfert, F. W, 7 Dundans J. L.

Brookhaven National Lab.» Urtons NY,.

Core. Source Codes: 0045450007 0936000

Sponsor! Derartment of Enerdys Washingtons DC.,

Rerort No.! BNL-303673 CONF-811212-9

1981 10p

International conference on alternative enerdy sources» Miami EBeachs» FlLy
USAs 14 Dec 1981.

Landuages! Endlish Document Tuyre! Conference proceeding

NTIS Prices! PC AO2/MF AO1 Journal Announcement: GRAIB3I04+ NSA0700

Country of Publication! United States

Contract No.$ ACO02-76CH00014

Estimates are presented for the distribution and Ruantity of recent
(1978-1979) use of residential firewood in the United States, bssed on a
caorrelation of survew data from 64 New Endland counties. The available
survey data from other states are in adreement with the relationshir
derived from New Endgland? no constraints due to wood suprly 3re arparent.,
This relationshir indicates that the hidhest density of wood usadge (Kd/ha)
occurs in urban areasi thus exacerbation of urban air quality problems is a
matter of some concern, The data Ppresentation uced here dives an wuerer
limit to this density of firewood wusade which will 3allow realistic
estimates of air auality impact to be made. (ERA citation 07:044432)

Descrirtors! XWoodi XWood burning furnacesi XFireplacess Distribution:
Fuelss Usa’ Correlationss North atlantic redion? Resourcesi: Combuctioni Air
pollutioni Environmental impacts

Identifiers! ERDA/500200; NTISDE

Section Headings! 1IR  (Mechanical, Industrial, €ivil» and Marine
Endineerind--Civil Endineeringd)i 48A (Environmental Pollution and
Control-~Air Pollution and Control)
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Factors affecting wood heater emissions and thermal rperformance
Environment and economical considerations in enerdy utilities
Harerery J.P.i Knights C.V.

TVA» USA
556-564 P, 1980

7. national conference on enerdy and the environment Phoenixs AZs USA
30 Nov 1980 :

Country of Publication! United States

Publ! Ann Arbor Sci Publ Inc,sAnn Arbors MI»

Journal Announcement! EDB8302

Rerort No,$! CONF-801171-

Document Tupe! Analutic of 3 Book$ Conference litersturei Numerical data

Landuades! Endlish

Work Location! United States

The obdective is to identifs those factors related to stove oreration and
desidn which may significantly affect the emissions and the efficiency of
some residential wood heaters commonls used in TVUA Region. The analusis
rresented shows that emissions and efficiencs are interrelated factors
doverning the overall performance of wood heatersi <cuch that reductions in

emissionss for example carbon monoxide and total hudrocerbonsy turically
result in an increasse in the efficiency of eight wood heaters tested. The
parer not only presents the data obtained from the testind, but also

proroses a3 performance index for the comrarison of different wood heaters
on the basis of both efficiency and emissions considerations. 7 refs.

1070992 ERA-08:019958, EDB-83:065861

v Overview of R and D programs being coordinated by the inter-dovernmentsal
wood combustion research group. Parer 81.8.3
Osborney M.C.

US EPA» Research Triangle Parks NC» USA-

Proc.y Annu. Meet.s Air Follut. Control Ascoc. (United Stztes) ve P,
1981 Coden! PRAPA
74, annual meeting of the Air Follution Control Association

Philadelrhias PAs USA 21 Jun 1981

Journal Announcement?! EDNB8302

Report No.: CONF-8104631-~

Document Ture! Journal Articlei Conference literature

Landuades! Endlish

Work Location! United States

A study on the emissions from residential wood combustion wac conducted.
It was found that high concentrations of czrbon monoxide znd sarticulate
are found in wood smoke but also concluded that socalled roulucuclic ordanic
matter (POM) is a3 more hazardous rollutant which is released from zirtight
wood stoves. A surves of rrodrams for research of the hazards from air
Ppollutants is given. 6 refs.

Descrirtors! XCOMBUSTION----RESEARCH PROGRAMS; ¥W0OD----COMBUSTION; *WOOL
BURNING APPLIANCES----AIR FOLLUTION 3 AIR QUALITY; CATALYTIC CONVERTERS;
POLYCYCLIC AROMATIC HYDROCARBONS; RESIDENTIAL SECTOR

Srpecial Terms! APPLIANCES’ AROMATICS: CHEMICAL REACTIONS? ENVIRONMENTAL

TQUALITY; EQUIPMENTS HYDROCARRONS; ORGANIC COMPOUNDS; OXIDATIONS FOLLUTIONS
POLLUTION CONTROL EQUIFMENT; THERMOCHEMICAL PROCESSES
Class Codes: 090400%; S00200; 140504

8-18



29/5/30

1020244 EDB-83:015107

Overview of emissions from wood combustion

Woogd: an 3lternate enerdy resource for arplication industry and
institutions. Conference Proceedings and manual

Limy KeJoi Liepsy H.I.i Kohly J.3 Pulackis E.i Raoy D.F.3 Trirletts, B.
(eds.)

Acurex Corr.y» Mountain Views CA

41-74 P, 1981

[ PR, P IR, = L T 3

1ngustry and institutions Winston-Salems NCr USA 7 arr 1981
Country of Publication! United States
Publ! North Carolins State UniversitusRazleishs North Carolinas
Journal Announcement! EDRRB3IO1
Rerort No.! CONF-B104173~
Document Ture! Analutic of 2 Rooksi Conference litersature
Landuades:! Endlish
Work Lacation: United States

Increasing combustion of wood for residerntial and industrial purroses has
raised many environmental concerns. This rarer attemrts to acssess and
correlate scattered research results on the emissions from wood combustion.
The mador emissions are particulate mattery COy and hudrocarbonsy <come of
which are paotentially carcincgenic, Research results shouw nedglidible
amounts of S0/sub 2/ 2and low amounts of NO/sub %/ emissions, Pzrzmeters
affecting emissions apepear to be combustion desidny firind rater snd excess
air level. In deneral industrizl users have lower emicsions than
residential users because of better combustion conditionc. The problems of
the residential emissions are addravated by the localized and sessonal
concentration of emissions., Sidgnificant dats dars exist, but the most
urdent are3 needing investigation is the amount and kinds of rpotentiallw

carcinodenic matter beind emitted., (CKK)

Descriprtors! XW00D FUELS----COMBUSTIONi xW0OD FUELS----POLLUTANTS i AIR
POLLUTION? CARBON MONOXIDE; CARCINOGENS; HYDROCARBONS3 INDUSTRIAL FLANTSS

PARTICLES; RESIDENTIAL BUILDINGS? WOOD BURNING FURNACES .
Special Terms: APPLIANCES? RUILDINGS; CARBON COMPOUNDS; CAREON OXIDESH

CHALCOGENIDES? CHEMICAL REACTIONS? ENERGY SOURCESF FUELSi FURNACES# ORGANIC
COMPOUNDS; OXIDATIONS OXIDESi OXYGEN COMPOUNDS: FOLLUTION: THERMOCHEMICAL

PROCESSES+? WOOD BURNING APPLIANCES
Class Codes: 140504%x3 0904005 500100
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Preliminars Characterization of Emissions
Combustion Eauirment
DeAndelisy o, G. i Ruffiris» Ds Se¢ # Rezniks, R. B.
Monsanto Research Corp.s Dautons OH.
Corer, Source Codes: 018509000
Sronsor! Industrial Environmental Research Lab.r

NC.
Rerort No.: EPA-600/7-80-040
Mar 80 1599
Landuages! Endlish
NTTS Primeoa?! Of AND/MC AN [P, - A
Lountry ot Publication: United States
Cantract No.! EPA-68-02-18745 EPA-ROAP-21AXM-071

from Wood-fired Residential

Research Triandgle Parky

This rerort describes 3 studs conducted to quantifu criteria rollutants

and characterize other atmospheric emissions from wood-fired residential
combustion equirment. Flue dases were sampled from 3 zero clearance

firerlace and two air-tight cast iron stoves (baffled and nonbaffled

desidn). Four wood tures were tested: osk-seasoned and dreen- and
pine-seasoned and dreen. Samrles were snalyzed for particulates,
condensable ordsnicss nitroden oxidess carbon monoxider sulfur oxides:
ordanic speciesy and individual elements.
Descrirtors: fFirerlacesi XStovess X¥Nir rollution; ¥0ak woadi %XPine woodi
Combustioni Nitroden oxidesi Carbon monoxide; Sulfur oxidess Flue gasesi
Ordanic comrPoundsi Performance testsi Residential buildings
Identifiers! XWood burning arrliances? Particulastesi NTISEPAORD
Section Headinds! 13B (Mechanicsal, Industrial, Civily and Marine

Endineering--Civil Endineering); 68A (Environmental Pollution and

Control--Air Pollution and Control)i ?7R (Encerdy--Environment3l Studies)

2375713
0147910 EIMB8304027910
PROCEEDINGS - RESIDENTIAL WOOD & COAL COMBUSTION SPECIALTY CONFERENCE.
Fredericks Edward R, (Ed. )
APCAy Pittsburdghy Pas USA
Proceedings ~ Residential Wood 3 Coal Combustion Srecialtu Conference.
_Louisvilles Kys USA Mar 1-2 1982
“Sronsor! APCA» Resid Fuel Combust Comm» Pittsburgh, Pa» USA; APCA» Indaor
Air Qual Commy» Pittsburdhs P3s» USA
Source! Publ by APCA (Srec Conf Proc SP-45), Pittsburghy Pa» USA 300r
1982
Landuades! Endlish Conf., No.! 01854
Descrirtors! HOUSES-Fuels
Identifiers! WOOD RURNING STOVESi COAL BURNING STOVESé DOMESTIC STOVE
PERFORMANCE FACTORS AMD ANALYSESS OUTDOOR AIR POLLUTION;S INDOOR AIR
POLLUTIONS] EUROPEAN ACTIVITES IN SOLID FUEL FIRED HEATINGS EMISSIONS FROM
RESIDENTIAL COAL STOVES: PREDICTION OF PULMONARY TOXICITY OF RESPIRABLE
COMBUSTION PRODUCTS#? SPACE HEATING
Classification Codes! 4027 8113 5245 S21i 431; 461
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PROCEEDINGS - RESIDENTIAL WOOD & COAL COMBUSTION SPECIALTY CONFERENCE,
1982,

Fredericky Edward R, (Ed, )

APCAsy Pittsburghs Pa,s» USA

Proc - Resid Wood % Coal Combust Spec Confs Louisvillesr Kuy USAy Mar 1-2
1982 Publ by APCA (Serec Conf Proc SP-45), Pittsburghs Par USAy 1982 300p

Landuades! ENGLISH

The volume contains 18 rarers and one abstract of 3 rparer presented at
the meetind. SubJdects covered include techniaues for g3chievind more
comrlete combustion in wood stoves: emission and thermal rperformance
naprping, effects of firind rate and design on domestic wood stove
rerformancesy Eurorean activities in solid fuel fired heatings measurement
techniauesy characterization of emissions from residentisl coal sctoves,
ambient impact of residential wood combustions national ascessment of air
auality impactss imract of residentiasl wood combustion arpliances on indoor
air gualityy prediction of Pulmonaruy toxicity of respirable combustion
products from residential wood and coal stoves, and others. Technical and
professional e3rers from this conference are indexed with the conference
code no. 01854 in the Ei Endineerinz Meetindgs (TM) database erroduced by
Engineering Informations Inc.

Descrirtors! XHOUSES-XFuelsi WOOD-Fuelsi; COAL; AIR POLLUTION~Analusiss
STOVESi HEATING

Identifiers: W0O0D BURNING STOVES: COAL RURNING STQVES$# INDOOR AIR
POLLUTION# HEALTH EFFECTS: EIREV
Classification Codes! 4025 8117 5245 5217 451 461

23/5/33
0039918 EINB210039918

PARTICULATE EMISSIONS FROM NEW LOW EMISSION WOOD STOVE DESIGNS MEASURED
BY EPA METHOD V.

Kowaleczsksy John F.3 Bosserman» Peter B.j Tomblesons Barbara J.

Ored Der of Environ Qual, USA ) ) )

Proceedings - 1981 International Conference on Residential Solid Fuels:
Environmental Imepacts and Solutions. Portlands Ored: U§A Jun 1-4 l93éh‘

sponsor: Ored Grad Cents, Beaverton, USAj; Northwest Environ Res Cent», H
Omark Inds Oreg Saw Chain Divs USA

Source! Publ by Ored Grad Cent,» Reavertony USA » 54 1982

Languades! Endglish Conf. No.: 00722

Descrirtors! WOOD-Combustion . ) .

ldentifiers! WOOD STOVE NESIGN; PARTICULATE EMISSIONS; STACK.FILTERy AIR
POLLUTION? FOSSIL FUELS/ THERMOSTATS DAMFER CONTROL # MOISTURE
DETERMINATION; CREQSQTE . . ,

Classification Codes!: 8115 521 451; 5325 9445 732
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Proceedinds of the Conference on Wood Combustion Environmental Assessment
Held at New Orleans in February 1981

(Rert, for Oct 80-Jun 81)

Avers Franklin A,

Research Triandle Inst.» Research Triandle Parks NC.

Corp, Source Codes:!: 045948000

Srponsor! Industrial Environmental Research Lab.» Research Triangle Park:
NC.

Rerort No.! EPA-600/9-81/0295 IERL~-RTP-1235

1981 330P
Landuages! Endlish Document Tupe! Conference proceedind
NTIS Pricest! PC ALS/MF AC1L Journal Announcement! GRAIBL2S

Country of Publication! United States

Contract No.: EPA-68-02-3170

These proceedinds document presentations at the conference. The obdective
of the conference w3s to disseminate recent research 3and develorment
findindgs on the subJect of residential wood combustion. The conference

sessions desalt with! (1) and overviw of environmentsal assecsment
activities» (2) specific emissions and heatinag efficierncy 3ssessments, (3)
Amigcinne ~nnad nAl bankadaiaa ’an e e - .. - .

and (3) residential wood coambustion issues and their resolution. In

summ3ryy the previously rerorted high concentrations of rolucuclic ordanic
matter (POM) in residential wood stove emissions were verified by several
parers, One parer even rerorted high FOM concentrations in the indoor

enviranment of homes with Wwoad staoves. Hidh ambient values were rnot
attributed to residentisl wood cembustions but mang of the ambient imract
studies were Just bedinning, Emission control techniaues which were

considered for controlling ordanic emissions included secondary combustion
and the introduction of 3 combustion catalust. These two control technigues
were 3lready being marketedi howevers their relisbility and structural
stability were auestioned by several researchers, Future regulation of wood
stove emissions was considered unlikely due to rroblems relating to
enforcing 3 residential emission standard,

Descrirtors? XAir pollution controlj *Woodi rMeeting
buildingsi Combustion rproductsi Stavesi Assessmentsi Catalust
Poluycuclic comPounds

Identifiers! NTISEPAORD

Section Headings! 13B (Mechanical:, Industrial, Civils and Marine
Endineering--Civil Endineering)i 48AX (Environmental Pollution and
Control--Air Pollution and Control)

i Residental
i Standardsi

€
3

23/5/726
0039926 EIM8210039925
POM EMISSIONS FROM RESIDENTIAL WOODBURNING: AN ENVIRONMENTAL ASSESSMENT.
Petersy James A.
Moncsantn Rea Carpy Nautane Nhine (184
rroceeqgings - AY0L1L I1NVeTN3L1I0HGL LU EIENICYE Ul NESiueiividl OULLIU FUelny
Environmental Impacts and Solutions, Portlends Oredgs USA Jun 1-4 1981
Sronsor! Ored Grad Centr» Beavertons» USA;} Northwest Environ Res Cents USA;
Omark Inds Oreg Saw Chain Divs USA
Source?! FPubl by Oreg Grad Cents Beavertons USA » 267-288 1982
Landguades! Endlish Conf., No.,! 00722
Descriptors: WOOD-Combustion
Identifiers! HOME HEATINGi ORGANIC SFECIES; EMISSION INVENTORY; FIREPLACE
COAL SMOKEi CARCINOGENS; PARTICULATE MATTER
Classification Codes! B11j 5215 6435 B804 461
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Results of Laboratory Tests on Wood-Stove Emissions and Efficiency

Hubbles B. R. i Harkness:s J. B, L.

Ardonne National Lab.» IL.

Corp. Source Codes: 0019400003 0448000

Sponsor! Derartment of Enerdys Washington, DC.

Rerort No.! CONF-810295-1

1981 199

International .trade show and wood heatind seminarsy New Orleans: LAy, USA»
21 Feb 1981y Portions are illedible in microfiche products.

Landuades! Endliszh Document Tuyre! Conference proceeding

NTIS Prices: PC AQ2/MF AO1 Journal Announcement:!: GRAI8B3143 NSA0800

Country of Publication! United States

Contract No.! W-31-109-ENG-38

Air-tights wood-burnind stoves were orerated in 2 manner consistent with
typical residential heating recuirements in order to determine particulate
and carbon monoxide emissions and creosote build-ur, Tect data are
presented as functions of burn-rates and stove efficiencies. The Pprinciesl
conclusions are that emissions from the <ctove wused in this study are
related to lod-size and wood burn-rate and that CO and eparticulate
emissions and creosote build-upr increased with increasing efficiency of
oreration. Thereforer» future environments3l testing should be conducted at

typical stove orerating conditionss 1low burn-rates with 1larce lode. In
additiony heat-loss calculations show a trade-off between s2nsible heat -
loss and CO-fuel heat loss over the rande of burn-rates studied. This

indicates thats if further improvements in stove efficiencies are desired,
improvements in stove combustion efficiency are needed. This alco decreacses
stove emissions. (ERA citation 08:02089%)

Descrirtors! xWood burning furnaces; Particulatess Carboen monoxides
Creosotei Flue dgasi Efficiencyis Heat losses; Combustioni Carbon dioxides
Temperature distributioni Exrerimental data

Identifiers! ERDA/320101; ERDA/299003; ERDA/140504; NTISDE

Section Headindgs! 21D (Prorulsion and Fuels-~Fuels)} 97K (Enerdu--Fuels)i
68A (Environmental Pollution and Control--Air Pollution and Control)

23/5/16
0039978 EIMB8210039978

REGULATORY OPTIONS FOR CONTROLLING EMISSIONS FROM COMBUSTION OF WOOD IN
RESIDENTIAL APPLICATIONS.

Morsy Terry A.3 Blairs Terrence T.j Cole» Robert H.

Dalton Dalton Neuwrort, Cleveland, Ohios USA

Proceedings -~ 1981 International Conference on Residential Solid Fuels:
Environmental Imrpacts and Solutions. Portlands Oreds USA Jun 1-4 1981

Seponsor! Ored Grad Cent» Beaverton: USA; Northwest Environ Res Cent, USAjS
Omark Indy Ored Saw Chain Divs USA

Source! Publ bu Oredg Grad Cents Beaverton, USA » 1253-1271 1982

Landuades: Endlish Conf. No,.,: 00722

Descrirtorst WOOD-Combustion

Identifiers! PARTICULATE EMISSIONSs SPACE HEATING} AIR QUALITYs STOVE
WASTE) CHIMNEY CLEANER} POLLUTION CONTROL} REGULATIANSS COMMON LAW
DOCTRINES

Classification Codes: 8115 S21; 4515 902
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RESIDENTIAL WOOD & COAL COMBUSTION ¢

APCA RESIDENTIAL WOOD & COAL COMBUSTION SYM PROCEEDINGS, LOUISVILLE, KY»
MAR 1-2, 82, (308) .

CONFERENCE PROCEEDINGS ON METHODS OF W0OD AND COAL COMBUSTION IN
HOUSEHOLDS AND EMISSION MONITORING ARE PRESENTED. TOPICS DISCUSSED
INCLUDE! IMPRQVED COMBUSTION IN WQOOD STOVES: EMISSION AND THERMAL
PERFORMANCE MAPPING FOR AN UNBAFFLED, AIRTIGHT WOOD APPLIANCE AND A
BOX-TYPE CATALYTIC APPLIANCE; EFFECTS OF FIRING RATE AND DESIGN ON DOMESTIC
#00D STOVE PERFORMANCES SOLID FUEL-FIRED HEATING: RESIDENTIAL STOVE
EMISSIONS FROM COAL AND OTHER ALTERNATIVE FUEL COMBUSTION’} MEASUREMENT
TECHNIQUES AND EMISSION FACTORS FOR HAMD-FIRED STQVES: AN QUTROOR EXPOSURE
CHAMBER TO STUDY WOOD COMBUSTION EMISSIONS UNDER NATURAL CONDITIONSS IMPACT
OF RESIDENTIAL WOOD COMBUSTION APPLIANCES ON INDOOR AIR QUALITY3 AND INDOOR
EXPOSURE TO0 CARBON-CONTAINING PARTICULATES AND VAPORS IN HOMES THAT BURN
WoOD FOR HEATING. (NUMEROUS DIAGRAMS, GRAPHS, REFERENCES, TABLES)

DESCRIPTORS: XCONF FPROCEEDINGS ;i xW0OOD ENERGY 7 XCOAL USAGE,» DOMESTIC
SMONITORING, ENV-AIR 5 ¥AIR POLLUTION, INDOOR 5 XHEATING SYSTEMS», DROMESTIC
i XMATHEMATIC MODELS-AIR 7 XSPACE HEATING: NOMESTIC COMBUSTION
PARTICULATES i FIREWOOD i PATHOLOGY., HUMAM # AMBIENT AIR i KEROSENE

REVIEW CLASSIFICATION? O1

21/%5/72
165473 *83-004207
INDOQR AIR POLLUTION AND SOME SOLUTIONSs
MORRILL ELIZABETH
WOOD N ENERGY, DEC 82» V2, N12, P30 (4)

/INSULATING THEIR HOUSES,

- Pl v ity Wttt N AL 1 A riltad

RESEARCHERS HAVE DISCOVEREDR THAT SUCH ACTIVITIES

SERVE TO SEAL IN POTENTIALLY DANGEROUS FOLLUTANTS THAT NORMALLY ESCAPE

THROUGH WINDOW AND DOOR CRACKS. ONE FREQUENT SOURCE OF INDOOR AIR FOLLUTION
IS THE FIREPLACE», ALONG WITH WOOD AMD COAL-BURNIMG HEATERS. PARTICULATES

AND CARBON MONOXIDE ARE EMITTED BY THESE SYSTEMS. KEROSENE HEATERS, GAS
APPLIANCESs AND INSULATING MATERIALS ARE ALS0 CULPRITS OF INDOOR AIR
POLLUTION. AIR CLEANING APPLIANCES:, INCREASED' VENTILATION> AND THE USE OF

?IR-TG—AIR HEAT EXCHANGERS CAN HELF FPURIFY INDOOR AIR. (2 DIAGRAMS,
ABLE)

DESCRIPTORS: ¥*AIR FPOLLUTION. INDOOR 5 XHEATING SYSTEMS: DOMESTIC
XINSULATION, COLD ¥RAUON XRESFIRARLE DUST *FORMALDEHYDE
XVENTILATION XHEAT EXCHANGERS + UWEATHERSTRIPPING i GAS APPLIANCES
KERQSENE

REVIEW CLASSIFICATION: 01
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Results of a3 fortu-home indoor-air-rollutant monitoring study
Hawthorner A.R.i Gammadge» R.B.i Dudneus C.S.7 Womacks DO.R.; Morrisy
S.A.i Westleuws R.R,3 Whiter» DI.A.7 OBurtas K.C.

O3k Riddge Nationmal Lab.r TN (USA)

14 P, 1983

TIC Accession No.! [EB3014138

76, annual meeting of the Air Follutiom Control Associztion atlantas
GA» USA 19 Jun 1983

Country of Publication:! United States

Journal Announcement! ERA8307

Availability! NTISs PC AO2/MF AO1j 1.

Rerort No.! CONF-830617-8

Note! Portions are illedible in microfiche products

Document Tyre! Rerorti Conference literature

Landuades! Endlish

Subfile! ERA .(Enerdgs Regsearch Abstracts)i NTS .(NTIS)

Work Location! United States

Contract No.! W-740S-ENG-26

A study was conducted in 40 homes in the areas of Oak Ridde and west
Knoxviller Tennessee. Concentrations of CO/sub /s NO/sub /r pParticulates,
formaldehudes and radonr 2335 well 3s selected volatile orsgenic compoundsy
were auantified, In additicns information was collected on air exchande
ratesy meteorolosical conditions, and structural and consumer rroducts.
This erarer summarizes some of the results and rprovides srecific examples of
increased indoor concentrations of rollutants due to the oreration of a3
kerosene spa3ce heatery 3 43s randesy and 3 wood/coal stove. Results showed
formaldehusde levels freauently exceeded 0.1 rrMi were highest in newer
homesi and fluctuate diurnaslly and sessonally. Radon 1levels freguentls
exceeded 3 rCi/L and correlated strondly with house location., Organic
pollutant levels were at least an order of magnitude higher indoors than
outdoors. Combustion sources (especially unvented) sidnificantly increased
levels of CO/sub /s NO/sub x/s and particulates. Air exchande rctes were
increased nearlus two-fold by oreration of the HVAC centrzl air circulation
fan,

Descrirtors! XCARBON MONOXIDE----ECOLOGICAL CONCENTRATION:? XFORMALDEHYDE-~-
--~=-ECOLOGICAL CONCENTRATION XHOUSES----AIR QUALITY; X¥NITROGEN
OXIDES----ECOLOGICAL CONCENTRATIONS YORGANIC COMPOUNDS~---ECOLOGICAL
CONCENTRATIONF XPARTICULATES----ECOLOGICAL CONCENTRATION? RADON--~--ECOLOG-
ICAL CONCENTRATION # COAL3; CONSUMER PRODUCTS? ELECTRIC APFLIANCES: ENERGY
CONSERVATIONF GAS APPLIANCES? INDOOR AIR FOLLUTION; KEROSENE; METEOROLOGY;
NATURAL GAS#} SPACE HEATERS: TENNESSEE; VENTILATION; VOLATILE MATTER} WOOD;
WO0OD BURNING APPLIANCES

Srecial Terms! AIR POLLUTION; ALDREHYDESS AFPLIANCES; BRUILDINGS; CARBON
COMPOUNDSi CARBON OXIDES# CARBONACEQUS MATERIALS) CHALCOGENIDES:) ELEMENTS)
ENERGY SOURCES/ ENVIRONMENTAL QUALITY; FEDERAL REGION IV FLUIDS) FOSSIL
FUELSi FUEL GASs FUELS; GAS FUELS; GASES; HEATERS: LIQUID FUELS: MATERIALS;
MATTER? NITROGEN COMFOUNDS? NONMETALS? NORTH AMERICA; ORGANIC COMPOUNDS;
OXIDES? OXYGEN COMPOUNDSi PARTICLES; FPETROLEUM PRODUCTS; POLLUTIONS RARE
GASES7i RESIDENTIAL BUILDINGS; USA
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A simple and effective technique for testing wood stove rerformance
Barnett, S.

Wood Enerds (United States) 11:12 54-57 P, Nec 1982 Coden: WOEND
Journal Announcement! EDB8307

Document Ture! Journal Article

Landuades! Endlish

Work Location! United States
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