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Executive Summary

Homeowners, especially in rural communities, are increasingly turning to wood burning units installed
outside the home, known as outdoor wood boilers (OWBS), to heat their homes. OWB sales have tripled
in New York since 1999, with over 7,000 OWBs sold from 1999 to 2004.

The New York State Office of the Attorney General (OAG) Environmental Protection Bureau reviewed
information on OWBs and analyzed the manufacture, distribution, testing, and sales of OWBs in New
York State. We found that while OWBs are advertised as a clean and economical way to heat one’s
house and water, OWBs may be among the dirtiest and least economical modes of heating, especially
when improperly used. Even when used properly, OWBs emit, on an average per hour basis, about four
times as much fine particulate matter pollution as conventional wood stoves, about 12 times as much fine
particle pollution as EPA-certified wood stoves, 1000 times more than oil furnaces, and 1800 times more
than gas furnaces. Such emissions are significant because fine particulate matter pollution has both short-
term and long-term health effects.

Currently, neither federal nor New York State regulations address the proper use of, or limit the pollution
from, OWBs. Unlike indoor woodstoves and other heating devices, OWBs do not have to meet safety or
performance standards. In the absence of such regulations, some local governments have imposed
sensible limits on OWBs, which are described in this report.

We recommend that comprehensive testing protocols and emission limitations be enacted. We also
suggest practical steps that owners and neighbors can take to mitigate environmental and health problems
associated with OWBs.

I. Introduction: The Increasing Use of OWBs

In the 1980s, as the cost of oil and natural gas rose and as Americans attempted to reduce their heating
expenses, the prevalence of residential wood burning stoves and furnaces increased. As of 1998, nine
percent of the homes in the United States used residential wood combustion units (including wood stoves,
fireplaces, pellet stoves, masonry heaters and wood-fired furnaces) for at least a portion of their heating
needs." The United States Environmental Protection Agency (EPA) established emissions standards in
1988 for indoor residential wood stoves in an effort to decrease people’s exposure to particulate matter,
carbon monoxide, and other pollutants.? Consequently, all new residential wood stoves sold in the United
States since 1992 require EPA certification and pollution controls.®* OWBSs, however, which were rare in
1988, are not covered by the EPA residential wood stove regulations.

! Houck, J., et al., Air Emissions from Residential Heating: The Wood Heating Option Put into
Environmental Perspective, Proceedings of a U.S. EPA and Air Waste Management Association Conference.
Emission Inventory: Living in a Global Environment, V.1, pp. 373-384 (1998).

2 Standards of Performance for New Residential Wood Heaters, 40 CFR §§ 60.530-60.539b.
% A list of EPA approved wood stoves can be found on the EPA website, available at

www.epa.gov/compliance/resources/publications/monitoring/programs/woodstoves/certifiedwood.pdf (last accessed
May 31, 2005).




An OWB is a freestanding combustion unit located outside the home or structure to be heated (see Figure
1) that consists of a firebox surrounded by a water reservoir (see Figure 2). While designs vary by
manufacturer, a typical OWB resembles a small shed with a short chimney to release combustion gases
and an oversized firebox, built to accommodate unsplit logs up to five feet in length. OWBs vary in size,

but are typically three to five feet wide, six to nine feet deep, and six to ten feet tall, including the height
of the chimney.

Figure 1: Schematic of OWB and Home
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OWSBs are designed to accommodate large wood loads which can burn for many hours without tending.
Wood is placed in the firebox (combustion chamber) by the OWB operator and is ignited. The water in
the reservoir surrounding the firebox is heated when hot combustion gases from the firebox pass, via
pipes, through the reservoir to the exhaust stack (see Figure 2). The heated water is pumped through
insulated underground pipes from the OWB to the home or building where it is circulated through the
home’s heating system. Wood in the firebox continues to burn until the temperature in the home reaches
the desired level. A thermostat in the home controls the burn rate of the fuel by varying the amount of air
that is supplied to the firebox for wood combustion. When the thermostat temperature is reached, the
firebox is deprived of oxygen, leaving the wood smoldering, until more heat is needed.



Figure 2: Schematic of Inside OWB *
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In contrast to indoor wood stoves, which feature chimneys located above the building’s roof line, smoke
is released from the OWB via a short chimney, typically at a height of approximately six to ten feet (see
Figure 3). Chimney extensions are sometimes added to increase the height.

4 Adapted from Valenti, J. and Clayton, R., Emissions from Outdoor Wood-Burning Residential Hot Water
Furnaces, EPA-600/R-98-017 (February 1998).



Figure 3: Comparison of Chimney Heights
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OWSBs are increasingly becoming a primary method of heating homes in winter and providing hot water
year-round. The number of OWBs sold annually in New York State has tripled from approximately 600
units in 1999 to 1,880 units in 2004. Sales across the United States have similarly increased, from about
4,800 in 1999 to over 15,000 in 2003. Based on partial data for 2004, it is estimated that 24,500 OWBs
were sold across the U.S. in 2004. Since 1999, of the 77,500 units sold nationwide, nearly 7,500 OWBs
have been sold in New York State (see Table 1).

Table 1: Number of OWBSs Sold in NYS and Nationwide, 1999 to 2004

1999 2000 2001 2002 2003 2004  TOTAL
NY State 606 1037 1721 947 1272 1880 7463
U.S. 4828 6865 15330, 10552 153401 24560 77479

*Estimated based on partial data for 2004 and assuming continued rate of growth

There are at least 23 manufacturers of OWBSs that sell units in the United States (see Appendix E for
names and contact information). Manufacturers typically sell OWBs to customers both directly and
through more than 300 distributors and local dealers in New York State. One manufacturer accounts for
approximately one-third of the United States sales since 1999.



I1. OWB Pollution

State health and environmental agencies have received a growing number of complaints from owners and
neighbors that OWBSs produce thick, acrid, foul smoke that permeates buildings and homes, causing not
only a nuisance, but also environmental degradation and health problems. Even when operated using
clean seasoned wood, OWBs can emit significant pollution because the basic design of the OWB causes
fuel to burn incompletely, or smolder, resulting in thick smoke and high particulate emissions. The
problem is aggravated when other materials, such as wet wood, processed wood, and garbage are burned.
The short OWB chimney and reduced draft often fail to disperse the smoke, resulting in more
concentrated pollution at lower heights reaching residents and neighbors. Exposure to this smoke, like
other pollutants, can cause or contribute to short-term health harms such as eye, nose, throat, and lung
irritation, coughing and shortness of breath, and may exacerbate asthma or trigger asthma attacks.
Chronic exposure to smoke can cause long-term effects such as asthma, heart and lung disease, and
cancer.




A. OWB Operation and Smoke

Wood smoke is one of the primary contributors to certain types of air pollution in the United States,”
especially in rural areas. Even though wood combustion accounts for only about nine percent of the
nation’s home heating needs, it accounts for an estimated forty-five percent of the total fine particulate
matter directly released by all fuel combustion used for residential heating.®

To obtain the most efficient — and thus cleanest — burn from a wood combustion device, dry wood should
be burned in a manner that allows airflow and oxygen to the greatest amount of surface area. OWBs
create smoldering conditions which in turn produce excess smoke. An efficient fire should produce clear
exhaust during warmer months, and white exhaust (steam) during colder months. An inefficient fire
produces gray, black, or thick smoke and releases much more harmful particulate matter. Because OWBs
are designed to respond to the thermostatic setting by smoldering when less heat is required, they produce
heavy smoke emissions more often than most other wood combustion devices.

Smoke from OWBs becomes more problematic when the owner burns items other than dry seasoned
wood. Burning wet, damp, or green wood reduces the efficiency and heat output of any wood
combustion device and increases particulate emissions.” The energy that could be released in the form of
heat is instead used to boil off the water content of the wood, which in freshly cut, green wood can be as
much as fifty percent of the total weight. Thus, to generate the same amount of heat, more wood must be
burned, increasing emissions of carbon dioxide — the most important pollutant responsible for global
warming. In addition, when energy is expended to change water into steam, the temperature of the fire is
decreased leading to incomplete combustion of the wood fuel. When that happens, increased amounts of
unburned particulates will be emitted with the steam and combustion gases.® Finally, all wood
combustion, but particularly incomplete combustion such as in OWBs, produces a variety of toxic

® Fisher, L., et al., Long-Term Performance of EPA-Certified Phase 2 Woodstoves, Klamath Falls and
Portland, Oregon: 1998/1999, EPA/600/SR-00/100 (2000); McDonald, J., et al., Fine Particle and Gaseous
Emission Rates from Residential Wood Combustion, Environmental Science and Technology 34(11): 2080-
2091(2000).

® EPA, National Air Quality and Emissions Trends Report, 2003 Special Studies Edition, Office of Air
Quality Planning and Standards, EPA 454/R-03-005 (September 2003); Houck, J., et al., Air Emissions from
Residential Heating: The Wood Heating Option Put into Environmental Perspective, Proceedings of the U.S. EPA
and Air Waste Management Association Conference. Emissions Inventory: Living in a Global Environment, V.1,
pp. 373-384 (1998). While wood accounts for nine percent of residential heating, fossil fuels — most burned in a
home furnace but some burned in a power plant to produce electricity — are used for most US residential heating.
Electricity-generating power plants emit the majority of their pollution as gases that are, in part, converted in the
atmosphere to fine particles so that their overall contribution to fine particulate pollution in the ambient air is greater
than that of wood combustion.

" EPA, Reducing Air Toxics in Your Community, EPA-453/F-03-001 (October 2004); American Lung
Association, Woodburning (April 2000).

& Burning wet wood will result in creosote build-up inside the firebox and chimney. Creosote is a
flammable sticky tar-like substance that is often responsible for chimney fires if it is allowed to accumulate from an
initial gray powdery dusting into a thick crystalized build-up. Cleaning the firebox and chimney regularly will
increase air flow in the wood heater, thereby reducing the rate of creosote build-up.
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emissions including carbon monoxide, formaldehyde, benzene, naphthalene, and polycyclic aromatic
hydrocarbons.®

When construction materials, packaging crates, and home garbage (which often includes plastics, rubber,
batteries, electronics, and other materials unsuited for disposal by backyard combustion) are burned, the
emission of harmful pollutants increases.’® While emissions from OWBs that burn household items have
not been studied, studies of backyard burning of garbage have found that emissions include, but are not
limited to, carbon monoxide, hydrogen chloride, hydrogen cyanide, benzene, styrene, formaldehyde,
arsenic, lead, chromium, benzopyrene, dioxins, furans, and PCBs. According to a study conducted by
EPA, the New York State Department of Health (DOH), and the New York State Department of
Environmental Conservation (DEC), burning approximately ten pounds of household trash in a burn
barrel releases as much air pollution as a modern, well-controlled municipal waste incinerator burning
400,000 pounds of trash.™

Although OWBs have not been subjected to extensive testing, limited testing (shown in Table 2 and
Appendix A) has indicated that emissions of fine particulate matter (defined as particulates smaller than
2.5 millionths of a meter in diameter, and referred to as PM 2.5) from burning wood in OWBs are about
four to 12 times higher than the emissions from indoor woodstoves.*> Conventional wood stoves
manufactured prior to 1992, which were not airtight and had no pollution controls, generated an average
of 18.5 grams PM 2.5 per hour, whereas the newer EPA-certified wood stoves averaged about six grams
per hour.® In similar tests, OWB emissions ranged from 18 to147 grams PM 2.5 per hour and averaged

® Larson, R. and Koenig, J., Summary of the Emissions Characterization and Noncancer Respiratory Effects
of Wood Smoke, EPA-453/R-93-036 (1993); Washington State Department of Ecology, Health Effects of Wood
Smoke (March 1997).

19 Not surprisingly, for this reason the Hearth, Patio, and Barbecue Association advises homeowners to
never use the following: trash, plastics, gasoline, rubber, naptha, household garbage, material treated with petroleum
products (particle-board, railroad ties, pressure treated wood), leaves, paper products, and cardboard. Hearth, Patio,
and Barbecue Association, Smoke Troubleshooting Checklist for Outdoor Furnaces, (April 2004), available at
www.hpba.org/govrelations/troubleshootingGuidlines.pdf (last accessed May 31, 2005).

! Lemieux, P., Project Summary. Evaluation of Emissions from the Open Burning of Household Waste in
Barrels (with Errata), EPA/600/SR-97/134 (October 2003).

12 particulate pollution is typcially measured using EPA Test Method 5 which collects PM as small as 0.3
microns. An additional test can then be used to distinguish between particles larger or smaller than 2.5 microns.
Studies have shown that nearly all of the PM emitted in woodsmoke is PM2.5 or smaller. Houck, J., and Tiegs, P.,
Residential Wood Combustion — PM2.5 Emissions, WESTAR PM2.5 Workshop, Reno, Nevada (July 1998) (93% of
the particulate emissions from wood combustion is PM2.5). In its assessment, The Mid-Atlantic Regional Air
Management Association assumes that 100 percent of PM emissions from wood combustion is PM2.5 or smaller.
See Technical Memorandum No. 6: MANE-VU Residential Wood Combustion Emission Inventory, Mid-Atlantic
Regional Air Management Association (April 30, 2004).

3 Valenti, J. and Clayton, R., Emissions from Outdoor Wood-Burning Residential Hot Water Furnaces
EPA-600/R-98-017 (February 1998). EPA has established emission limits on indoor wood stoves, distinguishing
between those with catalysts (through which the smoke passes, causing additional combustion) and those without
catalysts. The EPA limits are 4.1 and 7.5 grams PM 2.5 per hour respectively. As can be seen in Table 2, however,
testing indicates that many catalytic stoves are not, in fact, meeting the legal limit.
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about 72 grams per hour.** In comparison to other emission sources, one OWB produces approximately
as much PM 2.5 per hour as two heavy duty diesel trucks, 45 passenger cars, 1000 oil furnaces, or 1800
gas furnaces.” A comparison of PM 2.5 emissions from various home heating devices is shown in Figure
4. (Coal, while used extensively for electricity production, is not used extensively in New York for home
heating.)

Table 2: Comparison of Emissions from Various Wood Combustion Units

Type of
Wood Combustion Unit

Particulate Matter,
Average
(grams per hour)

Polycyclic Aromatic
Hydrocarbons,
Average

(grams per hour)

owB 716" 0.96"
Conventional (non-EPA 185" 0.36 "
Certified) Wood Stove '

EPA Certified Catalytic 6.2 1 0.15"

Wood Stove '

EPA Certified Non-Catalytic 6.0 ™ 0.14 "

Wood Stove

EPA Phase-II Certified 4.1: EPA limit for Not Available

Woodstove " catalytic woodstoves
7.5: EPA limit for
non-catalytic

woodstoves

Assumes 1.0 kg/hr burn rate.

" Appendix A.

1 Houck, J. and Tiegs, P., Residential Wood Combustion Technology Review, Volume 1. Technical Report, EPA-
600/R-98-174a. (1998).

Vv Fisher, L., et al., Long-Term Performance of EPA-Certified Phase 2 Woodstoves, Klamath Falls and Portland
Oregon: 1998/1999. EPA-600/SR-00-100 (2000).

v Subpart AAA-Standards of Performance for New Residential Wood Heaters, 40 CFR 8§ 60.530-60.539b.

 These tests were conducted either by EPA or laboratories on behalf of manufacturers. See Appendix A.

5 OWB, conventional wood stove, and EPA certified wood stove emission rates from Table 2; emission
rates of 0.07 g/hr and 0.04 g/hr from EPA Emission Factors AP-42, Fifth Edition, Volume I, available at
www.epa.gov/ttn/chief/ap42/ch01/index.html (last accessed May 31, 2005); EPA, Emission Standards Reference
Guide of Heavy-Duty and Nonroad Engines, EPA 420-F-97-014 (September, 1997);

EPA, Federal Certification Exhaust Emission Standards for Light-duty Vehicles (Passenger Cars) and Light-duty
Trucks: Federal Test Procedure (FTP), Cold CO, and Highway and Idle Tests, EPA 420-B-00-001 (February,
2000).




Figure 4: Relative Emissions of Fine Particulate Matter
From Home Heating Devices

o . .

Conventional EPA Certified 0il Furnace Gas Furnace
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B. Human Health Impacts of OWB Smoke

Exposure to various components of wood smoke and the contaminants found in wood smoke has been
associated with adverse human health impacts, as discussed below. The likelihood of health effects
depends on many factors, such as the amount of smoke to which one is exposed, the frequency and
duration of exposure, and the sensitivity of the individual exposed.

Fine Particulate Matter (PM 2.5)

Exposure to PM 2.5 can cause short-term health effects such as eye, nose, throat, and lung irritation,
coughing, sneezing, runny nose, and shortness of breath and can also affect lung function and worsen
medical conditions such as asthma and heart disease. While the upper respiratory system will filter out
particles larger than ten millionths of a meter (or microns), PM 2.5 can bypass the body’s natural filtering
mechanisms to lodge deep in the lungs.’® Scientific studies have linked increases in daily PM 2.5
exposure with increased respiratory and cardiovascular hospital admissions, emergency department visits
and deaths. Recent studies suggest that long-term exposure to PM 2.5 may be associated with increased
rates of bronchitis and reduced lung function, and increased cancer risk. People with breathing problems
(such as asthma, bronchitis, emphysema, or pneumonia) and/or heart problems, and certain members of

8 EPA, EPA Announces Final Designations for First Fine Particulate Standard, Press Release (Dec. 17,
2004), available at www.epa.gov/pmdesignations (last accessed May 31, 2005).
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the general population (such as children and the elderly) may be particularly sensitive to PM 2.5.1” More
than 60,000 deaths each year in the United States can be attributed to exposure to air polluted with PM
2518

Respiratory and cardiovascular diseases have been associated directly with wood smoke emissions.’® For
example, a Seattle area study noted increases in asthma and other respiratory disease and declines in lung
function among children exposed to wood smoke.?® Long term exposure to wood smoke, like other
emissions containing PM 2.5, can lead to chronic bronchitis, obstructive lung disease, and an increased
risk of cancer.?

Polycyclic Aromatic Hydrocarbons (PAHS)

PAHSs are a group of chemicals that are formed during the incomplete combustion of coal, oil, gas, wood,
garbage, and other organic substances such as tobacco. PAHSs generally occur as complex mixtures often
containing hundreds of different PAHs. Tests on mice show that exposure to PAHs during pregnancy
results in higher rates of birth defects, lower birth weights, and difficulty reproducing. Animal studies
have also shown that both short-term and long-term exposure to PAHSs can inhibit the body’s ability to
fight disease. Some PAHs have been categorized as probable human carcinogens (cancer causing
chemicals) by the U.S. Department of Health and Human Services, and by the International Agency for
Research on Cancer.?

" New York State Department of Health Fact Sheet, Fine Particles (PM 2.5) Questions and Answers (Feb
2003, revised July 2004), available at www.health.state.ny.us/nysdoh/indoor/pmg_a.htm (last accessed
May 31, 2005).

'8 Washington State Department of Ecology, Air Quality Program, Health Effects of Wood Smoke (March
1997, updated August 2004).

19 Zelikoff, J., et al., The Toxicology of Inhaled Woodsmoke, J. Toxicology and Environmental Health, Part
B, 5: 269-282 (2002).

2 Koenig, J., et al., Pulmonary Function Changes in Children Associated with Fine Particulate Air
Pollution, Environmental Research 63(1): 26-38 (1993); Larson, R. and Koenig, J., Wood Smoke: Emissions and
Noncancer Respiratory Effects. Annu. Rev. Public Health 15: 133-56 (1994).

2L American Lung Association, Wood Smoke Affects Your Health (1990); Ammann, H., Summary Overview
of Health Effects Associated with Residential Wood Combustion: Health Effects Issue Assessment, Internal Report,
EPA, Research Triangle Park, NC (1986); Larson, T., et al., Urban Air Toxics Mitigation Study: Phase I, University
of Washington report submitted to the Puget Sound Air Pollution Control Authority (1988); Morris, K., et al., Wood
Burning Stoves and Lower Respiratory Tract Infections in American Indian Children, American Journal of Diseases
of Children 144: 105-108 (1990); Stevens, R., et al., Sources of Mutagenic Activity in Urban Fine Particles,
Toxicol. Industrial Health 6: 81-94 (1990).

22 pgency for Toxic Substances and Disease Registry, Toxicological Profile for Polycyclic Aromatic
Hydrocarbons (August 1995).
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Carbon Monoxide

At low concentrations, carbon monoxide can cause fatigue in healthy people and chest pain in people with
heart disease. At higher concentrations, it can cause impaired vision and coordination, headaches, angina,
dizziness, confusion, and nausea. Exposure can cause flu-like symptoms that stop after exposure ends. It
can also be fatal at very high concentrations, due to the formation of carboxyhemoglobin in the blood,
which inhibits oxygen uptake.?®

Benzene

Exposure to benzene can cause both short and long term health effects. At high concentrations, exposure
to benzene can cause drowsiness, dizziness, rapid heart rate, headaches and tremors. Long term exposure
to lower levels are associated with adverse effects in the blood and bone marrow (leukemia), the immune
system, the reproductive system, and increased cancer risk.?*

Chlorinated Dioxins

Chlorinated dibenzo-p-dioxins (CDDs) are a family of 75 different compounds with varying harmful
effects. CDDs are released to the environment during combustion of fossil fuels (coal, oil, natural gas)
and wood, and during incineration processes. Burning materials that may contain chlorine, such as
plastics, wood treated with pentachlorophenol, pesticides, polychlorinated biphenyls (PCBs), and even
bleached paper can produce CDDs. Exposure to CDDs generally occurs through breathing contaminated
air, or through skin contact with materials containing CDDs. Effects of exposure depend on the amount,
but can range from skin disease, changes in blood, urine, and liver chemistry, as well as potential
reproductive or developmental effects. Certain CDDs have been determined to be likely carcinogens.?

Other Chemicals

Wood smoke contains inorganic and organic irritants such as formaldehyde and other aldehydes, nitrogen
oxides and sulfur oxides. Inhalation of wood smoke containing irritants can lead to inflammation and
swelling of the lung tissue and can contribute to respiratory distress. Irritants can interfere with the
normal flow of mucus that removes particles from the respiratory tract, thereby increasing the amounts of
particulate matter entering the lungs. These irritants can also contribute to allergic reactions.”

C. Neighborhood Problems Created by OWB Smoke

Z EPA, Indoor Air Quality Tools for Schools Kit, IAQ Coordinator's Guide, available at
www.epa.gov/iag/schools/tfs/quidee.html (last accessed May 31, 2005).

2 Agency for Toxic Substances and Disease Registry, Toxicological Profile for Benzene, Public Health
Statement (September 1997).

% Agency for Toxic Substances and Disease Registry, Toxicological Profile for Chlorinated Dibenzo-p-
Dioxins, Public Health Statement (December 1998).

% Agency for Toxic Substances and Disease Registry, TOXFAQs for Formaldehyde (June 1999), Sulfur
Dioxide (June 1999), and Nitrogen Oxide (April 2002).
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During summer months and calm winter days, wood smoke is slow to rise and disperse. With OWB
chimneys not high enough to carry the smoke past the heights of surrounding homes and local terrain,
wood smoke, soot, and toxins may enter homes and yards of owners and neighbors who are situated close
to OWBs. Wood smoke particulates, due to their small size, can remain suspended in the air for long
periods of time, can cause a smokey haze, and can easily enter homes through air intakes, cracks, doors
and windows. Effects on neighbors are especially apparent when OWBs are installed at the outermost
limit of the owner’s property, and in close proximity to structures on adjacent properties.

The OAG has received more than 50 complaints from individuals who are affected by OWB-generated
smoke and odors.”” The complaints filed with the OAG note the following:

1.

Smoke from OWBs has led to a variety of symptoms including upset stomach, headaches,
dizziness, respiratory effects, and throat and eye irritation.

Smoke from OWBs has prevented residents from enjoying activities inside and around their
homes. Residents have been unable to use their porches and backyards or conduct normal
activities such as walking the dog, gardening, or hanging laundry outside. Some residents do not
allow their children to play outside because of the smoke.

Smoke from OWBSs has forced residents to close their windows, doors, and air conditioning units,
in an effort to keep the smoke and smoke odors from entering their homes. Residents have
complained of wood smoke odors on items inside the home, such as clothing, curtains and
upholstery. Smoky conditions indoors have sometimes set off carbon monoxide detectors.

Materials besides natural wood are burned in the OWBSs, producing even greater amounts of
noxious smoke and odors.

In a few cases, the unhealthy and nuisance conditions created by OWBs have caused
complainants to sell their homes.

" Complaints have been received from people in the following counties: Broome, Cattaraugus,

Chautauqua, Chemung, Chenango, Clinton, Dutchess, Franklin, Jefferson, Onondaga, Saratoga, St. Lawrence,
Suffolk, Tioga, Ulster, Warren, and Wyoming. One OWB was adjacent to a public school.

12



I11. OWB Efficiency, Costs, and Performance

According to the EPA, since OWBs are “designed to be installed outside of the home, and to heat by an
indirect method, they are exempt from the EPA regulation(s)”? that cover indoor wood stoves. Currently,
no standard test methods are available to evaluate the performance of OWBs. Approached by the Hearth,
Patio, and Barbecue Association (HPBA) in an effort to make test data on OWBs comparable, the
Association for Standards and Testing Materials (ASTM) established a committee to develop a
consensus-based standard testing method for OWBs.?

Until a test method is established, it is impossible to assess with precision the claims of manufacturers
regarding efficiency and costs of OWBs. Some limited testing information, however, suggests that
OWBs may be not only less environmentally sound but may also be less efficient and economical than
other common heating sources, such as indoor wood stoves, and gas- or oil-fueled furnaces.

A. Heating Efficiency

Heating efficiency is a measure of heat output relative to the input value of the fuel — the actual heat
output in comparison to the potential heat output of the fuel. The EPA has found heating efficiencies of
about 54 percent for conventional wood stoves, and 68 to 72 percent for EPA-certified wood stoves.*® In
comparison, data obtained from manufacturers on tests conducted on OWBs found that they have heating
efficiencies ranging from 28 to 55 percent, with an average of 43 percent (see Appendix B).

B. Costs

One of the benefits of OWBSs, as advertised by some manufacturers, is that customers will save thousands
of dollars in heating costs over the course of a year. One manufacturer, for example, claims: “Over a ten-
year period, a homeowner or business may save $10,000 to $50,000 dollars or more on heating costs.”*
Another advertises that one can “save 69 to 78% on your heating costs,” and “you will save up to 90% on
your heating and hot water bills.”** However, these claims of cost savings may not withstand scrutiny.
The initial cost of OWBs is significantly higher than that of other heating devices such as gas and oil
furnaces (see Table 3), many of which will already be installed in the home. In addition, OWB

28 Excerpted language is from an EPA exemption letter provided to an OWB manufacturer in response to a
request for determination of exempt status in 1999. Letter from EPA Office of Enforcement and Compliance,
Energy and Transportation Division, J. Rasnic, Director, dated November 30, 1999.

2 ASTM, E06.54.08, Task Group on Outdoor Wood-Fired Hydronic Heaters, Sheraton Hotel and
Convention Center, Madison Wisconsin, December 1-2, 2004. The committee, with representatives from OWB
manufacturers, and state and federal governments, is in the process of developing testing methods that can be applied
to OWBs. While generally agreeing that a standard test method should be adopted, committee members are
deliberating the quantity, quality, moisture content, and stacking position of the wood for the test burns. Ideally the
adopted test method will be realistic and reproducible, to enable “factory-tested” comparable results among OWBs.

® EPA, Residential Wood Combustion Technology Review, Volume I. Technical Report. EPA-600/R-98-
174a. (December 1998).

3 Central Boiler, Inc., available at www.centralboiler.com (last accessed Feb. 18, 2005).

* Taylor Manufacturing, Inc., available at www.taylormfg.com (last accessed Feb. 23, 2005).
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manufacturers’ claims apparently do not take into account the cost of purchasing or harvesting wood fuel.
When the latter cost is accounted for, any savings may vanish (see Table 4).

Table 3: Initial Cost of Various Heating Systems

Type of Heating System Average Cost '

Outdoor Wood Boiler’ $5500
(43% Efficient)

Indoor Wood Stove™

Non-catalytic (68% Efficiency) $2075
Catalytic (72% Efficiency) $2425
Gas or Oil Fueled Forced Air Furnace ™ $1860

(80% Efficient)

Gas or Oil Fueled Forced Air Furnace Vv $2690
(90% Efficient)

Gas or Oil Hot Water Radiator " $3320
(80% Efficient)

Gas or Oil Hot Water Radiator " $4260
(90% Efficient)

I‘Costs are estimated based on average cost of unit plus installation. Does not include cost of internal home piping or
duct work. Actual costs may vary widely based on manufacturer, efficiency, and region of the United States.

' The estimated initial cost of an OWB is the average of the minimum unit cost of the five largest manufacturers plus
the average cost of installation materials, based on information obtained by OAG from manufacturers.

" Houck, J. and Tiegs, P., Residential Wood Combustion—PM 2.5 Emissions, OMNI Environmental Services, Inc.,
Emission Inventory Workshop, Reno, Nevada (July 1998).

VThe average costs of the gas and oil systems are based on surveys conducted by the Consumer Energy Council of
America, reported in March 2001 in a report entitled, “Oil, Gas, or...? An Evaluation of the Economics of Fuel
Switching Versus Home Energy Conservation,” available at
www.cecarf.org/Publications/MiscPub/FuelSwitchingReport.pdf.
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Table 4: Fuel Costs for Various Heating Systems

Price per Efficiency " | Price per Total
Type of Fuel Fuel Price' | million mmBTU Household
BTU adjusted for | Energy Cost
(Dollars) efficiency per year
(Dollars) (Dollars) ™
Wood $170 $8.50 43% $19.77 $1,977
(for use in OWB) per cord (or less if not
all purchased)
Wood $170 $8.50 72% $11.81 $1,181
(for use in catalytic per cord (or less if not
indoor wood stove) all purchased)
Wood $170 $8.50 68% $12.50 $1,250
(for use in non-catalytic | per cord (or less if not
indoor wood stove) all purchased)
Oil $1.99 $14.35 78% $18.40 $1,840
per gallon
Gas $1.13 $11.30 78% $14.49 $1,449
per therm
Electricity $0.094 $27.46 97% $28.31 $2,831
per
kilowatt
hour

' Average efficiencies and price per million BTU for oil, gas, and electricity based on calculations by the Energy
Information Administration, United States Department of Energy. “How do | compare Heating Fuels” (April 7,
2005), available at www.eia.doe.gov/neic/experts/expertanswers.html (last accessed May 31, 2005). We note that
wood prices may vary widely compared to oil, gas and electricity. The heating fuel comparison calculator (Rev H-c
4/21/05) is available for download in 