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Abstract

A review of the current states-of-the-art of residential wood combustion (RWC) was conducted.
The key environmental parameter of concern was the air emission of particles. The technological
status of all mgjor RWC categories was reviewed. These were cordwood stoves, fireplaces,
masonry heaters, pellet stoves, and wood-fired central heating furnaces. Advances in technology
achieved since the mid-1980's were the primary focus. These study objectives were accomplished
by reviewing the published literature and by interviewing nationally recognized RWC experts.

The key findings of the review included: (1) The NSPS certification procedure only qualitatively
predicts the level of emissions from wood heaters under actual use in homes, (2) Wood stove
durability varies with model and a method to assess the durability problem is controversia, (3)
Nationally the overwhelming majority of RWC air emissions are from non-certified devices
(primarily from older non-certified woodstoves), (4) New technology appliances and fuels can
reduce emissions significantly, (5) The 1ISO and EPA NSPS test procedures are quite dissimilar
and data generated by the two procedures would not be comparable, and, (6) The effect of wood
moisture and wood type on particul ate emission appears to be real but to be less than an order of
magnitude.



Executive Summary

A review of the current states-of-the-art of residential wood combustion (RWC) was conducted.
The key environmental parameter of concern was the air emission of particles. The technological
status of all mgjor RWC categories was reviewed. These were cordwood stoves, fireplaces,
masonry heaters, pellet stoves, and wood-fired central heating furnaces. Advances in technology
achieved since the mid-1980's were the primary focus. In addition to RWC technology, severa
other related topics were reviewed. These topicsincluded: (1) The evaluation of the U.S.
Environmental Protection Agency (EPA) and the International Organization for Standardization
(ISO) test methods for wood stoves, (2) The evaluation of in-home, long-term durability and
emission performance of certified wood stoves, and, (3) The assessment of the effects of fuel
wood types (tree species) and moisture on particulate emission factors. These study objectives
were accomplished by reviewing the published literature and by interviewing nationally recognized
RWC experts.

Taken as agroup, the durability of currently manufactured certified Phase |1 wood stoves has
improved and their particulate emissions are lower than the earliest Phase |1 models that became
available circa1990. However, there appears to be considerable variation by model within the
group and the improvements seen over the earliest models have been described as marginal.
Certainly, as agroup, Phase || models are better than Phase | models and superior to uncertified
models. There has been little incentive for manufacturers to improve durability beyond severe
problems that would precipitate warranty claims. (Cordwood stove sales for 1997 were less than
one-half of their 1990 level.) The efficacy of alaboratory stress test developed to predict long-
term, in-home performance is controversial. The deterioration of catalytic activity often seenin
catalytic wood stoves in athree to five year time frame and the identification of viable approaches
to ensure catalyst inspection/replacement continue to be unaddressed problems. Wood stoves are
designed out of necessity to pass the EPA certification test. It is generally recognized the these
tests do not simulate the way that a stoveis used in the “real world.” Consequently, emission
results obtained from certification tests are only roughly predictive of how awood stove will
perform under actual in-home use. However, the general perception is that stoves that show low
emissions in the certification testing will also do well in homes. The current status of stove
efficienciesis difficult to assess since, while there is an efficiency test method published in the
Federal Register, efficiency testing is not required during the certification process.

The EPA certification procedure has been described as an art. Achieving a successful low burn
rate condition and coal bed preparation are particularly challenging and they are quite unlike how
astoveisusualy used in ahome.

There are two particul ate test methods that can be used as part of the certification procedure,
Method 5G and Method 5H. To make the results obtained from these two methods comparable a
conversion equation was developed. The data available to devel op the conversion equation were
limited. The equation has been widely criticized and it is generally believed that after the
conversion the 5G method will produce higher emission values than the 5H method. Method 5G
ismore precise and less difficult (and less costly) than 5H. It isthe opinion of many that only the



5G method should be used, but if the two methods are continued to be used, the relationship
between 5G and 5H should be re-evaluated.

With regards to the | SO 13336 test standard, at its current status of development, it istoo
different from the EPA certification methods to have anything but a qualitative correlation (i.e.,
stoves that show low emissionsin the EPA certification will probably aso show low emissions
using the 1SO 13336 test standard). Although the ISO 13336 standard is not final at this time,
there is significant work being done in New Zealand, Australia, and in Europe to make the
standard compatible or at least correlatable to the U.S. EPA methods and the European
Community standards now being devel oped.

Approximately one quarter of the cordwood burned annually in residences in the United States is
in fireplaces. Thereisno federa certification for fireplaces, although two states (Washington and
Colorado) now have a certification program. Some fireplaces are used as significant heat sources
and some are used for aesthetic or minor heating purposes. For fireplaces used as significant heat
sources there are a number of older technologies (e.g., glass doors, heat convection tubes, and
shaped masonry fireboxes) that effectively reduce emissions. In addition, there are certified
cordwood and pellet inserts as well as gas inserts that can be installed within the fireplace that
reduce effective emissions dramatically. For fireplaces used for aesthetic or minor heating
purposes decorative gas logs and wax firelogs can be used to reduce emissions. There has been
some research on cleaner burning fireplaces that minimize under-fire air and that utilize secondary
combustion to reduce emissions but they are not yet commercialy available. Thereisno
significant marketing or, with the possible exception of the two state standards, no regulatory
incentives to manufacture low emission fireplaces.

The technological status of three other less common RWC categories was aso reviewed. These
were: pellet stoves, masonry heaters and wood-fired central heating furnaces. There are about
0.3 million pellet stoves currently in homes. There are certified and exempt units. Modern pellet
stoves (both certified and exempt) are very efficient and have very low emissions. Many early
models had mechanical and electronic problems. These problems have been largely solved and
new units have a good performance record. Pellet fuels have also become standardized which
contributes to the success of pellet stoves. Masonry heaters produce low particul ate emissions
through high-temperature, short-duration combustion of cordwood that transfers heat to a high
masonry mass. The masonry mass radiates heat after the fireis out. Masonry heaters are exempt
from certification and few are in use due to their high cost. Less than 0.3 million wood-fired
central furnaces were in use in 1993. They are exempt from certification. Little research has been
conducted on them. The limited emission data that are available show their emission factorsto be
higher than conventional wood stoves.

The effect of wood type (tree species) and wood moisture on emission factors cannot be
accurately quantified with existing data. Due to the physical and chemical differencesin
hardwoods and softwoods it would be reasonable to expect that their particulate emission factors
would be different. However, based on limited data, the effect of wood type and wood moisture
on emission factors appears to be smaller than an order of magnitude.
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1. Introduction

Air emissions from residential wood combustion (RWC) became atopical issue in the 1980's. Of
most concern were particulate (PM), polycyclic organic matter (POM) and carbon monoxide
(CO) emissions. The perceived need to reduce air emissions was the impetus behind the New
Source Performance Standard (NSPS)* certification requirement for wood heaters and for the
considerable RWC design and emissions research conducted in that decade. Manufacturers of
wood heaters made major product changes in the late 1980's to meet the July 1, 1990 NSPS
deadline that required all heaters manufactured after that date to be certified to Phase Il emission
limits. Emissions and appliance design research has also been conducted on other RWC appliance
types currently exempt from the NSPS certification requirements:. i.e., cookstoves, furnaces,
appliances with air to fuel ratios greater than 35:1, and appliances weighing more than 800
kilograms.

Two key issues that continue to be of concern are (1) that the emission control performance of
wood stoves operated in homes does not match laboratory certification results, and (2) that in-
home emission control performance for some stoves becomes poorer over time. Other unresolved
issues include how fuel moisture and fuel wood effect emissions, the efficacy of, and relationships
between test methodologies, and the effectiveness and feasibility of routine appliance maintenance
for reducing emissions. The difficulty in resolving or quantifying cause-and-effect relationships
for these issues as well as for other RWC questions is due to the large number of interrelated
variables associated with RWC. There are many hundreds of types and models of wood burning
devicesin use, many dozens of tree species are commonly used for wood fuel, draft
characteristics vary (e.g., chimney and temperature conditions), household atitude is variable,
there are variations in fuel wood seasoning and storage practices (i.e., wood moisture) and there
are wide variations in the operation of wood burning devices (e.g., burn rate, burn duration,
damper setting, kindling approach).

To assess the current level of understanding of key issues and to evaluate the overall states-of-
the-art of RWC, OMNI Environmental Services. Inc. (OMNI) was contracted by the U.S.
Environmental Protection Agency (EPA) to review the published literature and to interview
recognized experts in the RWC field. Emphasis was placed on the advances made and knowledge
gained since the 1980's. Nine RWC experts were interviewed. The experts interviewed included
representatives from the hearth products industry, academia, government researchers and wood
stove testing laboratories. An interview briefing package containing alist of topics for discussion
was prepared and provided to each interviewee prior to being interviewed. In addition to the nine
experts, OMNI staff have provided narrative and organizational input. OMNI is one of the oldest
research and testing facilities for RWC. It developed the first certification testing protocol (for
the State of Oregon) and has been conducting RWC testing and research since 1979. The Hearth
Products Association (HPA) which is a trade organization representing the hearth products and



solid fuel industries also provided comments. These comments were unsolicited and outside the
scope of this project, however because they represented a synopsis of the opinions of 27 industry
experts expressed at an HPA-sponsored technical committee meeting, they were incorporated
into thisreview. OMNI has also prepared a preliminary list of relevant RWC literature which was
distributed to each of the interviewees with arequest for any additional available literature not
contained in the preliminary list. With the references supplied by the expert interviewees included,
atotal of 417 references were compiled for the review.

A broad spectrum of residential wood burning technology was evaluated. Twelve topics
identified by the EPA provided the basis for the interviews, for the HPA comments and for the
literature review. These were:

C State-of -the-art of wood stove combustion and emission control technologies

C State-of-the-art of fireplace emission control technology

C State-of-the-art of wood-fired central heating furnace emission control technology

C State-of-the-art of pellet-fired wood stove technology

C Ramifications of the International Organization for Standardization (1SO) draft standard
WD 13336°

C Correspondence between in-home and laboratory emission test results

C EPA Method 28° strengths and weaknesses

C EPA Methods 5G* and 5H° correlations

C Performance deterioration of EPA-certified wood stovesin the field
C Stress (durability) test pros and cons
C Feasbility of developing separate emission factors for dry and wet wood and for softwood

and hardwood species classes
C Routine maintenance of appliances

For many issues, a consensus among the experts was not obtained. In these cases key conflicting
viewpoints have been presented. In some cases, minority viewpoints were not discussed in the
text because the published literature and the comments from the other experts clearly did not
support them. However, for the sake of including all viewpoints, complete review transcripts are
contained in Appendix B to this report.



A summary of the findings for each of the twelve topics constitutes the body of the report. The
list of published literature is contained in Appendix A. Thelist of expert interviews, the interview
briefing package and the individual interview summaries are provided in Appendix B. A list of
the attendees at the HPA technical committee meeting and the synopsis of the attendees opinions
provided by the HPA are in Appendix C.

2. Review Topics

2.1 State-of-the-Art of Cordwood Stove Combustion and Emissions Control
Technologies

Based on commercial marketing surveys there are an estimated 9.3 million cordwood stovesin
use in the United States. From HPA surveys of manufacturersit is estimated that about 0.6
million of these are certified, non-catalytic cordwood stoves and about 0.4 million are certified
catalytic cordwood stoves (i.e., there are about 8.3 million old conventional cordwood stoves and
about 1.0 million certified cordwood stovesin use in the United States). The term “conventiona”
isused in this report to indicate non-certified wood burning stoves that were primarily produced
before the advent and use of design factors for reducing or controlling wood stove pollutant
emissions. All stoves manufactured after July 1, 1988 and sold after July 1, 1990 had to be
certified to Phase | particulate emission levels. All stoves manufactured after July 1, 1990 and
sold after July 1, 1992 had to be certified to the lower Phase |1 particulate emission levels. On
August 12, 1997, 121 non-catalytic cordwood stove models and 87 catalytic cordwood stove
models (including fireplace inserts) were listed as certified to Phase |1 standards.

Particulate emission factors and efficiencies for conventional and phase |1 certified cordwood
stoves have been tabulated by EPA in AP-42°. The general consensus among interviewees is that
the emission factor given in AP-42 for conventional wood stoves is lower than the average that
would be representative of the United States as a whole and that due to improvements in certified
wood stoves, emission factorsin AP-42 for Phase |1 certified cordwood stoves are higher than for
newly manufactured appliances. Thereis persuasive, abeit anecdotal, evidence for both
assertions.

The average emission factor for conventional wood stoves is based on studies conducted in homes
in Vermont; upstate New Y ork; Portland, Oregon; Whitehorse, Y ukon; Klamath Falls, Oregon;
and Crested Butte, Colorado. The average value reported in AP-42 is weighted based on the
number of tests. The total number of tests that make up the data base is 141. There were 53 tests
conducted in Whitehorse and 59 tests conducted in Crested Butte, consequently the averageis
determined to alarge part by the Whitehorse and Crested Butte data. The heating degree day
(HDD) vaue for Whitehorse is 9545 and for Crested Buitte it is 11,500, both of which are much
higher than most of the wood burning areas of the United States. For example, in 1993 the U.S.
Department of Energy (DOE) reported that 32% of the cordwood consumed in the United States



for RWC was consumed in the South census region’. It has been well established that higher burn
rates (hotter more complete combustion conditions) characteristic of colder climates produce
lower emissions. Therefore it is reasonable that the actual national average particulate emission
factor for conventional wood stoves is higher than the generally accepted value reported in AP-
42. (Several caveats should also be noted in regards to the effect of the Crested Butte data on the
calculation of the national average emission factor value. While the effect of a colder climate [i.e.,
higher burn rate] would be to reduce the magnitude of emission factors, the effect of Crested
Butte' s unusual 8850 foot [2697 meter] atitude and the effect of the dry wood burned in many of
the homes during the studies would tend to increase the emission factor. 1n addition a different
sampling system was used in Crested Butte than in the other studies which may cause the data to
be offset with respect to the other data [see Section 2.6].)

In addition, to lower burn rates potentially producing higher emissions in milder climates the fact
that the highest emission rates occur during the kindling phase of aburnisalso significant. There
are some data that suggest that as much as one-half of the total emissions for an individual burn
period for non-catalytic stoves occur during the kindling phase (first 17% of a burn) and more
than 50% occur for that time period for catalytic stoves®. In warmer climates fires tend to be
started and allowed to burn out more frequently than in colder climates hence the kindling phase
portion of the burn period will contribute relatively more to the overall emissions in warmer
climates than in colder ones. Another related observation was that stoves purchased in the
Western United States tend to have larger fireboxes than those purchased el sewhere, hence if all
elseisequa stovesin the Western United States will have higher emissions since emissions tend
to be higher for larger firebox appliances for a given burn rate because combustion temperatures
are not as high in alarger firebox.

The emission factors for Phase |1 certified stovesin AP-42 are also based on studies conducted in
homes. The data set is also over represented by stoves located in colder climates although not as
much so as for the conventiona stove data set. The key issue for emission factors given in AP-42
for Phase Il certified stovesis the fact that they are based on studies conducted in homes during
the 1989/90 heating season or earlier. Consequently, only the earliest Phase |1 certified models or
models that eventually became Phase |1 certified, were included in the averages for AP-42.
Manufacturer representatives commented that improvements have been made on many of the
certified modelsin regard to the durability of construction materials, there have been many new
models introduced and certified since July 1, 1990 and many models that had durability issues or
that were manufactured by smaller less established companies are no longer available. Thisis
supported by the observation that more than one third of the wood stove models listed in the EPA
August 12, 1997 certified stove list are no longer offered. The key motivation for improved
durability has been financial due to the cost of repairing or replacing stoves under warranty.

Using AP-42 data as a starting point, Table 2.1-1 was prepared. It represents the AP-42 data
qualitatively adjusted based on “best professional judgment” to take into consideration climate
and model improvement factors. This table was provided to the nine experts and to the HPA
technical committee for comment. While a spectrum of comments was received, the overall



consensus appeared to be that the values shown in Table 2.1-1 were reasonable. Table 2.1-1 also
shows the percent reduction in emission factors achievable with the replacement of conventional
cordwood stoves with certified catalytic and non-catalytic models.

The efficiency of awood heater is an important factor in assessing emissions and in comparing
emission reductions offered by new technology appliances since a more efficient device will use
less wood to provide the same heat which produces an effective emissions reduction.  Efficiencies
of cordwood stoves have been tabulated in AP-42 based on field studies. The interviewees noted,
as with emission factors, there is arange of efficiency values for a given technology type but in
general agreed that the average values shown in AP-42 are more-or-less reasonable with the
exception of the value for catalytic cordwood stoves which should be dightly higher to reflect
newer or well maintained units. The catalytic cordwood stove value shown in AP-42 is 68%.
The default efficiency value used for U.S. EPA NSPS certification is 72%. The latter value was
felt to be more representative of new or well-maintained catalytic stoves. Efficiency values are
givenin Table 2.1-2 along with particulate emissions in units of mass particles per amount of heat
delivered. Table 2.1-2 aso shows the percent reduction in emissions when a conventional
cordwood stove is replaced with a certified catalytic or non-catalytic cordwood stove. One very
relevant comment was that for non-catalytic stoves, some less efficient units may produce less
emissions (if al elseisequal) since higher temperature gases which produce a greater sensible
heat loss may aso promote tertiary combustion downstream of the baffle. Unfortunately, the
relationship between efficiency and emission factors cannot be determined since efficiency testing
is not required during the certification process and default values are usually used.

There is currently no strong impetus to improve or test wood stove efficiency. Thereisawell
documented efficiency test method published as a proposed method by the U.S. EPA®. Opinions
among experts were split regarding the appropriateness of testing efficiency. Some felt that a
requirement to test efficiency would add additional and unacceptable costs for appliances that
have a small market, plus many of the manufacturers feel they are already over regulated. Others
felt that adding efficiency to the emission testing would only add a very small incremental cost to
certification testing since most of the information needed for efficiency calculationsis aready
obtained during the NSPS certification process as it now stands.

Related to the determination of efficiency is the use of emissions per unit of heat delivered to rank
the performance of stoves since efficiency is needed to calculate emissions in this fashion. Some
felt that since emissions in the units of mass of particles per mass of fuel burned (g/kg) and mass
of particles per hour of stove operation (g/hr) are already in common use, that another unit (g/MJ
or Ib/MBtu) may cause confusion and may require additional education of the public and
regulators. Othersfelt it was the most appropriate way to assess emissions since the emissions
per amount of heat delivered is the environmental “bottom ling” for a heating appliance.



Table2.1-1

“Best Professional Judgement” Particulate Emissions Factors and Their
Reduction by the Use of Alternativesto Conventiona Stoves and Cordwood

Particulate Emissions Factor
Appliance
Pounds/Ton Gramg/Kilogram Reduction (%)

Conventional Stove 37 18.5 --
Non-Catalytic Stove 12 6 68
Catalytic Stove * 13 6.2 65
Pellet Stove 4 2 89
Masonry Hester 6 3 84

Conventional Stove
with Densified Fue 2 14 24

* With awell maintained catalyst after normal use, on the average a newer catalyst will produce
lower emissions and an older catalyst higher emissions.

The genera perception is that the emission reduction performance of Phase || wood stoves has
improved marginaly over the earliest certified models. They have become more reliable and
durable. For example, most manufacturers originally offered only one-year warranties, now
prorated five-year warranties are common. The major incentive for the improvements has been
the cost of warranty replacements and marketplace competition.

Laboratory and in-home research has shown that exposure to high temperature during very high
burn rates and under high draft conditions accelerates the degradation process. For non-catalytic
stoves, warping and cracking of the baffles and secondary air tubes are the most common form of
degradation seen and can cause higher emissions due to their adverse effects on secondary
combustion characteristics. The two most common degradation effects seen in catalytic stoves
are damage to the catalyst bypass and the deterioration of the catalyst itself either through
physical breaking, pealing or plugging or through the loss of catalytic activity. Under normal use
the emissions of particles from most catalytic wood stoves will increase, in some cases reaching
conventional stove levels within five years of use due to the loss of catalytic activity.

It should be noted that the routine replacement of a catalyst is a ssmple procedure for many
models. The catalyst bypass is susceptible to damage due to the fact that it isamoving part. If it
does not seal properly afraction of the emissions bypasses the catalyst and enters the atmosphere



Table2.1-2

“Best Professiona Judgement” Efficiencies, Particulate Emission per
Unit of Heat Delivered, and Effective Pollutant Reduction by the Use of
Alternatives to Conventional Stoves and Cordwood

Appliances Efficiency Mass Particulate Emissions/Delivered Heat
(%) Ib/MBtu g/MJ Reduction

(%)

Conventional 54 3.89 1.68 -
Non-cat. Stove 68 1.14 0.49 71
Catalytic Stove* 72 1.02 0.44 74
Pellet Stove 78 0.31 0.13 92
Masonry Hester 58 0.59 0.25 85
Conv. with 57 2.79 1.20 27

Densified Fuel

*With awell maintained catalyst after normal use, on the average a newer catalyst will produce
lower emissions and an older catalyst higher emissions.

untreated. In most cases the repair of a catalyst bypass system needs to be performed at the
manufacturer’s facility. Another minor problem common to both catalytic and non-catalytic
stoves, is the deterioration of the fuel loading door gasket material causing leaks and
commensurate excess combustion air. Faulty door gaskets are typically noticeable to casua
observers and easily replaceable.

As discussed previoudy, most interviewees felt that performance and durability improvements
have occurred since the advent of Phase Il of the U.S. EPA NSPS but they have been marginal.
They dso felt that further improvements are possible but there islittle incentive at this time for the
improvement of fundamental catalyst technology applied to RWC since the current technology
meets NSPS requirements and because there are so few catalytic wood stoves currently being
sold. It should be noted however, that some early models of catalysts failed due to substrate
disintegration and this problem was addressed and is not seen in current models. Thereisalso
little incentive for awood stove manufacturer to change the design of awood stove even dlightly
to improve performance because al new, updated safety and emissions testing would need to be
performed for the “new model.”

An interesting observation was made by one interviewee. If acatalyst were used that would



withstand temperatures just afew hundred degrees higher than those currently generated in a
wood stove catalyst, even if it cost 50% more than currently used catalysts, there would be a
dramatic improvement in performance and durability. The current cost of a catalyst represents
less than 10% of the costs of a catalyst stove.

Beyond the issue of catalysts, the overall opinion regarding future wood stove performance
improvements was relatively consistent: they can be made but there islittle incentive to do so.
Stoves are designed to pass safety and EPA certification tests and to garner a market share
primarily through cost and appearance. The reduction of emissions under in-home use conditions
and post warranty durability are not important market factors. With the exception of addressing
gross durability issues which cause warranty problemsit is unlikely that significant improvements
will be made in wood stove durability.

One additional point is worth noting. State and local air quality authorities can require wood
stove emission limits lower than those required by the EPA which, of course, can provide impetus
for improvements in wood stove designs. The State of Washington's regulation (Washington
Administrative Code 150-31-200) is an example of a more stringent regulation. Once stoves are
designed to meet more stringent state or local regulations, they will be sold in other jurisdictions
aswell.

Non-catalytic stoves obtain their emission reduction with the use of geometry, secondary air, heat
retaining refractory material and insulation. These factors are “tuned” to optimize lower
emissions from the burn cycle requirements specified in the U.S. EPA NSPS Method 28
certification procedure. Most challenging is combining these factors to produce low emissions at
the low burn rate conditions and within the constraints of the five-minute test period start-up
procedures specified in Method 28. It is generally felt that the low burn rate and five-minute
start-up procedure specified in Method 28 are “artificial” in that stoves are not used in homesin a
manner that approximates the Method 28 low burn rate and start up procedure. The other maor
comment is that stoves are designed to produce low emissions while burning dimensional lumber
with fixed spacing, not cordwood loaded in a stove in the “normal” fashion.

Catalytic stoves are less sensitive to burn rates and patterns than non-catalytic stoves since once
the catalyst is “ignited” emission reduction is controlled by the catalyst. Similarly, the internal
design of acatalytic stove, other than designing the unit to avoid direct flame impingement on the
catalyst surfaces and optimizing its temperature exposure, requires less engineering than a non-
catalytic stove. Asaconsequence of catalyst being less sensitive to stove design, catalytic stoves
with larger fireboxes than non-catalytic stoves can achieve low enough emissions to be certified.

As previoudly discussed, in home use, alarge fraction of the particulate emissions from wood
stoves occurs during the kindling phase before the stove reaches its optimum operating
temperatures and in the case of catalytic stoves, before the catalyst isignited. Also as previoudy
discussed, the problem of high emissions during the kindling phase is relatively more important in
warmer climates or in the spring and fall when the stoves are allowed to burn out between fuel



loads and there are more cold starts. The use of high heat content starter wax logs or the use of
natural gasto rapidly bring temperatures up to the point at which secondary combustion occurs or
to reach the ignition temperature of the catalyst, have the potential of reducing emissions
significantly. Preheating the catalyst with an electric heater has aso been suggested. However,
again, there are no significant incentives for advancing current technologies.

The use of densified fuel logs as afuel has been shown to reduce particulate emissions in the 20%
to 30% range as compared to cordwood (Tables 2.1-1 and 2.1-2). Densified fuel is most readily
available in the Western United States. For the purposes of this discussion, the term “densified
fuel” is used to describe those manufactured fuel logs which contain only compressed wood
materials (e.g., chips, sawdust, etc.) in contrast to wax fire logs which contain about 60%
petroleum wax and are burned in fireplaces. Densified fuel is clean, uniform in size, and
convenient, however it costs about 70% more than cordwood. Some interviewees felt densified
fuel offered a viable option for reducing emissions, others felt that it did not since many wood
stove users are low income and either cut their own fuel wood or could not afford the additional
cost of densified fuel. In urban or suburban areas where air quality is more often an issue the use
of densified fuel may be more viable than in rural areas. Not only iswood cutting less of an
option in urban and suburban areas but the distribution of a commercia product such as densified
fuel iseasier there. It isaso the opinion of some interviewees that wood stove usersin urban and
suburban areas are on the average more affluent than in rural areas, hence the added cost of
purchasing fuel isless of an issue for suburban and urban wood users. In any case, it was
expressed that densified fuel does offer the potential to significantly reduce emissions during
short-term episodic air pollution events when burned as a cordwood replacement in existing
certified or conventional wood stoves.

The discussion on masonry heaters has been included in this section along with wood stoves
because masonry heaters are more closely allied to wood stoves in their use than to fireplaces.
Like wood stoves, they burn cordwood primarily for heating whereas fireplaces are more often
used for aesthetic, recreational, or only for minor heating purposes. The emission factors and
efficiencies given in AP-42 and shown in Tables 2.1-1 and 2.1-2 for masonry heaters are based on
in-home studies conducted in the early 1990's. Most interviewees were in agreement that the
values are reasonable for the emission factor and efficiency of the current state-of-the-art masonry
heater, although it was noted that there is arange of values for different models and operation
conditions. Masonry heaters achieve their low emissions by burning wood at a hig