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Executive Summary

This report was undertaken by NESCAUM (Northeaatest for Coordinated Air
Use Management) to provide policymakers with arss®ent of concerns relating to the
growing use of outdoor wood-fired boilers (OWB)s@known as outdoor wood-fired
hydronic heaters or outdoor wood-fired furnac&e increased use of OWBs in
populated areas represents a potential publicthpedblem in the Northeast because of
the severity of health effects associated withdessiial wood smoke inhalation.

This report 1) overviews unique features of OWBI@pges, 2) estimates OWB
appliance sales trends, 3) assesses emission emigdds and potential health concerns
of residential wood smoke, 4) presents results\WWBCambient monitoring and stack
testing conducted by NESCAUM, and 5) provides revemdations for regulatory
action.

Findings from this study show that:

« OWBSs, generally, do not use catalytic or non-cdialymission control
devices that other residential, wood-fired comlmrstievices, such as
indoor woodstoves, commonly employ.

* OWB use has become more prevalent, commonly reygandoor
woodstoves, and continued increases in saleskadg. i

* OWBs emit significantly more particulate matterrtt@her residential
wood burning devices and short term particulateenapikes can be
extremely high.

*  OWSBs could contribute almost 900,000 tons of paldte matter by
2010.

* Local populations are likely subject to elevatedamnt particulate matter
levels from OWB smoke.

e Current regulations do not provide surrounding sitegh adequate
protection from the use of OWBs in residential agilons.

* There is a lack of information relating to air toxmissions, such as
polycyclic aromatic hydrocarbons (PAHS), polycyaiganic matter
(POM) and dioxin.

OWBs present unique issues, unlike other residemtiad burning devices, based on the
following factors:

* Year Round Operation —OWBs are designed to provide heat and hot
water year round. Owners often use them in thensamonths not only
for domestic hot water but also to heat their swingmpools and/or spas.

* Cyclic Operation - The cyclic nature of OWB operations, unlike EPA
certified wood stoves, does not allow for complsbustion and creates
an environment conducive to increased toxic antiquédate emissions.
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» Short Stack Heights —Stacks from OWBSs, as per manufacturer’s
installation instructions, are usually less tharfelt from the ground,
resulting in poor dispersion of smoke and are nlikety to cause
fumigation within surrounding areas.

* Oversized Firebox —An OWB'’s large firebox is built such that a user
could burn a variety of inappropriate materialg tt@uld not be burned in
wood stoves or fireplaces. Enforcement programe kizscovered OWBs
burning tires, large bags of refuse, and railreasl Even when used
properly, overall OWBs emissions are greater thtarraresidential wood
burning devices.

With funding from the Massachusetts Executive €&fiof Environmental Affairs
(EOEA), NESCAUM measured emissions from an OWB umihe field under real
world conditions. The test data indicate thatdimallest OWB is likely to have an
average in-use emission rate of approximately T@fing of fine particulate matter per
hour, which is twenty times higher than the averagaese emissions of an EPA certified
wood stove. This report utilizes a gram per hoaasurement in order to understand the
potential ambient impacts and to make comparisoshter residential furnaces and
heating units such as oil-fired furnaces, natuaal fgirnaces, and residential woodstoves.
Furthermore, NESCAUM believes that given the hefipacts associated with wood
smoke and their use in residential locations (aeaisk populations such as children and
the elderly), it is critical to assess particulateissions from OWBs on a mass per unit
time basis to fully understand potential healtkgiand appropriate protections.

Based on the test results in this report, theagesfine particulate emissions from
one OWB are equivalent to the emissions from 22 E€wified wood stoves, 205 oll
furnaces, or as many as 8,000 natural gas furndceput these emissions into
perspective, one OWB can emit as much fine pagteuhatter as four heavy duty diesel
trucks on a grams per hour basis. Cumulatively stinallest OWB has the potential to
emit almost one and one-half tons of particulatéten@very year. Based on sales
estimates, OWBs could emit over 233,000 tons @& particulate matter nationwide in
2005. Considering sales trends, NESCAUM estimiatsthere could be 500,000
OWSBs in place nationwide by 2010. Based on th@tase, emissions from OWBs
would reach 873,750 tons of fine particulate matronwide per year by 2010.

The cumulative impact of OWBs to ambient air qyabtonly one part of the
problem. Since OWBs are used primarily in residmipplications, they have the
potential to emit fine particulate matter and axits at levels that could create elevated
risk to nearby populations. A second pilot studgpducted by NESCAUM measured
ambient PM s within 150 feet of an OWB device. Relative to kground levels, the
study documented high 15-second average value8Q@ hyicrograms per cubic meter
(ng/nt)) with spikes greater than 8,000 pgthroughout the course of normal daily
OWB operating modes. These data suggest thatilhgsdocated near OWBs can
experience high Pb% levels during typical boiler operating conditiortdealth studies
have found associations of acute and chronic expdsuvood smoke with adverse
health outcomes such as increases in respiratanpteyns, decreases in lung function,
visits to emergency departments, and hospitalizatio
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States have requested several times that the dv@oEmental Agency (EPA)
develop federal regulations for OWBs but EPA hadgect. Critical to the
development of a federal emissions standard iag¢lee to develop a technology forcing
standard that would require manufacturers to empiogd combustion controls
commonly employed by other residential and indabktmood-fired devices. In addition,
the increasing use of OWBs necessitates that aloidaken as quickly as possible.
Federal action would likely take five to seven et put protective measures into place.

In the absence of federal action, states will rteeatt on this emerging issue in a
timely manner. Given the significant health efee®\WB emissions may pose and the
lack of action on the federal level, NESCAUM beés\that states should take action
immediately to control OWB emissions by establighiechnology-forcing standards that
will lead manufacturers to develop cleaner burrf@\WBs.
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1. INTRODUCTION

As the price of home heating oil, natural gas aqukified petroleum gas (LPG)
increases, many households are looking for healiegnatives. Increasingly, people are
turning to wood-burning devices to replace oil gas heating. Wood-fired devices
include masonry heaters, indoor wood stoves, ind@md furnaces, pellet stoves and
outdoor wood-fired boilers. The recent increasthe use of outdoor wood-fired boilers
(OWBSs) are of particular concern to state enviromtaleagencies because the cumulative
stack emissions from these appliances are higherdther wood burning appliances
and, unlike other wood burning devices, currentty @aregulated. In the early 1990’s,
states became aware of OWBSs, although their ugabtime was primarily limited to
rural settings. However, states have noted arasing trend of OWB installation in
suburban and urban neighborhoods to provide speatinly, year-round heating of hot
water, and heating of swimming pools, jacuzzis, laoidtubs. Use of OWBs in
commercial applications is also increasing beyoaditional use in agricultural
operations.

1.1. OWB Description

An OWB is a wood-fired furnace that is usually hedisvithin a small insulated
shed located some distance from a house. Manuéstdesign OWBs to burn large
amounts of wood over long periods of ti@®WBs vary in size ranging from 115,000
Btu/hr up to 3.2 million Btu/hr, although residettDWBs tend to be less than 1 million
Btu/hr. According to sales data, the size of tlesihcommonly sold unit is 500,000
Btu/hr. OWBs heat buildings ranging in size frof800 square feet to 20,000 square
feet. Typically, the dimensions of an OWB are ¢hte five feet wide, six to nine feet
deep, and six to ten feet tall, including the hewjtthe chimney. Inside the OWB is an
oversized firebox that can accommodate extremefyelbads. Firebox sizes will vary
with each unit but tend to range in size from 2Bictdieet up to 150 cubic feet. Industry
literature indicates that a commonly sized residénnit can easily accommodate wood
pieces that are 30 inches in diameter and 72 inones Surrounding the firebox is a
water jacket that can be heated to temperaturés U90°F. The OWB cycles water
through the jacket to deliver hot water to the ¢had. Water pipes run under ground to
deliver hot water for both space heating and domese.

Figure 1-1 provides a schematic of an OWB instailat OWBs have a cyclical
operating pattern; when the water temperatureamthter jacket reaches a given
temperature, an air damper closes off air to theuwntil the temperature drops and the
air damper opens, creating an on/off cycle.

! http://www.usatoday.com/news/nation/2005-11-13-woodbgepollution_x.htm

2 Schreiber, Judith et #moke Getsin Your Lungs: Outdoor Wood Boilersin New York Sate. Office of the
Attorney General; Albany, New York, 2005. Available at
http://www.0ag.state.ny.us/press/2005/aug/August 2@05.p

3 http://www.centralboiler.com/eadvantage.php
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Figure 1-1. Schematic of an OWB Installation

Manufacturers advertise OWBSs for operation with déael, however, many
states have found that users sometimes fuel OWsyard waste, packing materials,
construction debris, and domestic waéta&/hile most manufacturers of OWBs instruct
owners of OWBs to burn wood, anecdotal data suggasdistributors instruct
purc?asers of OWBs they can burn “whatever theytivarven household garbage and
tires:.

1.2. Report Overview

This report provides data on issues unique to OVE@Bsnalysis of sales and
distribution of OWBSs, an explanation of wood sm@kdutants and their associated
public health risks, analysis of OWB emissionspgerview of regulatory options, and
conclusions.

* Conversations with representatives from enforcement stdfédtew York Attorney General's Office,
Connecticut Department of Environmental Conservation, Maimpai®ent of Environmental Protection
and Massachusetts Department of Environmental Protection.

® Staff from a variety of environmental agencies have spokémdigtributors at fairs and other distribution
venues to gather information on the units.
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2. ISSUES UNIQUE TO OWBS

While there are a variety of concerns surroundiongavburning devices, several
issues make OWBs unique. The largest number oplzonts voiced to northeast state
air quality enforcement programs relate to excessimoke and nuisance conditions.
These conditions arise due to the unique desigropachting features of OWBs.

2.1. Unit Design

The smoke from OWBs appears to be greater tham wibhed burning appliances
for several reasons. Primarily, it is becausédiefliasic design of OWBs. Even when
operated properly with seasoned wood, OWBs typig@herate significant amounts of
smoke. When an operator dampers down the unitatkeof oxygen to support
combustion creates a build up of materials suatressote. When opening the damper,
these materials burn and release immediately taitheExcessive loading and/or low
demand for heat further aggravates this problamaddition, OWBs emit more
pronounced smoke than woodstoves due to the siack Beight, which does not
disperse smoke above living spaces in neighboramyds. The addition of sophisticated
combustion controls could address many of the sneskees, however, the vase majority
of units sold do not employ any catalytic or nomabgic emission controls.

2.1.1. Combustion Cycle

The primary reason for the large amounts of smekbke cyclic nature of the
device. When an OWB is in the “off” cycle and does need to generate heat, the air
damper closes to cut off the air supply. This @&an oxygen-starved environment in
which the fire smolders, creating smoke and creotwit condenses on the internal steel
surfaces. When heat needs to be produced, tdamiper opens and natural draft forces
air into the firebox, pushing the smoke and aitytahts out the stack. Measured
emissions peak when the unit has received a foeghdf fuel and the wood has not yet
reached a charcoal stage. In the field test caeduzy NESCAUM, the unit’s internal
stack temperature never reached levels that waud hesulted in complete combustion
(see Section 5.3).

2.1.2. Stack Height

Another contributing factor to OWB smoke is the slspack height of OWBs.
Manufacturer installation literature specifies &taeights that are generally eight to
twelve feet from the ground. Stack heights thierstypically fail to disperse smoke
adequately, resulting in excessive ground levelkemd@ince OWBs rarely provide
stovepipe fans to increase the upward velocityhefsmoke, there is only limited vertical
dispersion of OWB emissions. Certain weather dionb aggravate this situation, such
as cold weather inversions when the smoke doesseobut stays close to the ground.

2.1.3. Combustion Design
Most OWBs do not have any combustion controlshssccatalytic devices and

secondary combustion. Incorporating these featoakl significantly reduce particulate
emissions. Almost all indoor woodstoves sold todsg catalytic or secondary
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combustion to reduce emissions. NESCAUM's revié@W/B manufacturers’ data

finds that only a limited number of manufacturetisae common wood burning
combustion controls. Discussions with wood comibusexperts indicate that these units
could incorporate combustion controls into theisida in a relatively short period of
time, which would result in reduced emissions, éased efficiency and an overall
improvement in OWB performance.

2.1.4. Efficiency

Review of available data indicates that the ojagagfficiencies of OWBs are
extremely low, often half the efficiency of othesidential wood burning devices such as
woodstoves. Several manufacturers have made cthahsheir OWBs are up to 95
percent efficient. Review of the data, however gasgs that heating efficiencies range
from as low as 28 percent to not higher than 56qmef Test results obtained by
Freedom of Information Act (FOIA) requests to EPWicate that, in general, most units
will have operating efficiencies in the range oft8Q10 percent. A comparison with
woodstove efficiencies finds that their efficiersimnge from 60 to 80 percent efficiént.
Low efficiencies translate into increased amouhisand burned to generate heat, which
in turn increases emissions.

2.2. Use Patterns

Unlike indoor woodstoves and fireplaces, manufargidesign OWBs for use
year round. OWBSs not only heat space but provataastic hot water and heat
swimming pools and spas. In the summer monthssriiake may seem more apparent
because the smoke may be less likely to disperszuke the lower flue velocities from
the stack may keep the smoke closer to the grobiE5CAUM observed this condition
during its stack test conducted in June 2005.

Another critical difference in OWB operations frather wood burning devices
relates to long burn times. Manufacturers instaveners that they can completely fill
the OWB firebox and leave it burning for as long®ashours. However, completely
filling the combustion chamber creates a smoldefimggthat burns inefficiently,
especially when warm weather or a depressed théahsring mid-day or nighttime
hours reduces demand for heat. The lack of terfdinigpng periods of time compounds
the problem, leading to inefficient burning conaiits over extended periods. In contrast,
owners of conventional indoor wood stoves tend thame often to optimize
combustion.

2.3. Fuel Quality

While most manufacturers provide OWB owners witkthimirn practices and
instruct users that they should only burn dry seedavood, the design of the OWBs
encourages burning of inappropriate materialsteStgencies have documented the

® Schreiber, Judith et #moke Getsin Your Lungs: Outdoor Wood Boilersin New York Sate. Office of the
Attorney General; Albany, New York, 2005. Available at
http://www.0ag.state.ny.us/press/2005/aug/August%20pdods

7 http://www.epa.gov/iwoodstoves/efficiently.html
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burning of wet, large, unsplit wood, wood wastegyaaste, refuse, tires and railroad
ties. In fact some manufacturer's websites staeability to burn green or scrap wood
as one of the benefits of OWBs. For example, #file Western website states that
their unit, “easily burns junk wood including pa#ie®

2.4. Application of Current Regulationsto Address OWBs

Enforcement programs have attempted to use existongjations to address
OWB complaints. A detailed description of varigagulatory options can be found in
Section 6.1 of this report. This section providenore general overview of the current
efforts used by states to address OWBs.

2.4.1. Federal Regulation

While EPA requires indoor woodstoves, pellet stoaesl small wood-fired
industrial boilers to adhere to federal air pothatstandards of 7.5 g/hr for non-catalytic
appliances and 4.1 g/hr for catalytic appliandeste are no federal standards for OWBs.
To date EPA has received several requests from atgencies to develop federal
standards. EPA has yet to act on these requesiz dJume 2005 letter sent by EPA to
OWB manufacturers, and an EPA statement providéldet@lean Air Act Advisory
Committee (CAAAC) on August 11, 2005, indicates nay action in the near-term is
unlikely (see Appendix A). The August 11, 200&tsment to the CAAAC advised that
EPA was reviewing the state petitions and did mpeet a decision on action until spring
2006. In this same statement, EPA also indicdtatit would take a minimum of five to
seven years to develop and implement a federadlaten

2.4.2. State Regulations

In the absence of federal standards, the statesdttampted to use several
avenues to address OWB problems. Two states amdasenunicipalities have
attempted to address OWBs by adopting regulatiomsng emissions or banning the
sale of OWBs. Regulations in the state of Washimdjimit emissions from all solid fuel
burning devices rated less than one million BtuBales data obtained from
manufacturers show that only a small number of O\W#s been sold in Washington. It
is unlikely that the OWBs sold in Washington comidet the standard. Correspondence
between Central Boiler and the Washington DepartroeRcology indicates that the
manufacturers dispute the application of Washingtoegulation on OWBSs (see
Appendix A). In 1997, Vermont adopted regulatidmattrequire setback and stack height
standards for OWBs. This regulation has not elated the OWB problem; and in fact
the number of complaints received by the VT DECticmres to increase.

Many states have opacity regulations that couldyampOWBs (a detailed
explanation of opacity regulations can be foun8eation 6.1.7.). Based on the
experience of state enforcement staff, it is uhyjikieat an OWB could meet most states’
opacity requirements even under ideal operatinglitons. In fact, several states have
attempted to work with homeowners to find methadspgerate OWBs within state
opacity limits but none to date have been abletply. Given this scenario, the only

8 http://www.outdoorfurnaces.com/article/pacific-western-deidsp
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removal of the OWB and installation of a new hegsgstem. Opacity regulations place
a significant burden on the homeowner, who oftenitimgly, purchases a unit that
cannot meet the state regulatory opacity requirésnefurther compounding the problem
is the limited ability of many state enforcemengagjes to enforce against residential
OWBs. Most state enforcement methods aim towattigating conditions at industrial
facilities, leaving the states reticent and ill-ggped to enforce opacity requirements at
residential OWBs.
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3. OVERVIEW OF OWB INDUSTRY

NESCAUM has identified twenty-seven manufacturér®0/Bs (see Appendix
B). Manufacturers are located throughout the Wh@&&ates with eight in Minnesota,
three in Pennsylvania, two in Wisconsin, two in thdCarolina, and one each in
Missouri, Nebraska, New Hampshire, New York, Teseesand Washington. In
addition, NESCAUM identified six manufacturers béige Canada. These companies
range in size from one to over 140 employees. Safrtieese manufacturers participate
in the Hearth, Patio and Barbecue Association (HRBAich is an industry trade
association that represents woodstove, pellet stoddireplace manufacturers as well.

The Northeast States have focused attention on ©%ifi8e the late 1990's.
Several states have attempted to work with manuifexs to address complaints and
nuisance issues with little success. The New WRigte Department of Environmental
Conservation held a meeting with manufacturerid32to gain a better understanding of
the industry and to determine the direction of nfacturrers. At these meetings,
manufacturers stated that cleaner OWBs would bia®@market in the near future.
Almost three years later, there has been littlengean OWB design. In fact, recent
statements from the largest producer of OWBs inditiaat it does not believe that
OWABs emit significant amounts of pollution. Testiny prepared by Central Boiler for
the Vermont draft OWB regulatiohand statements by its vice-president Rodney
Tolufsen declared that its OWBs pollute no moretB®A-certified woodstove'.

3.1. OWB Costs and Distribution

The total cost to purchase and install the smal®¥8 can range from $8,000-
$10,000, with costs increasing with the size ofuh#. The OWB itself costs
approximately $5,000, excluding installation. &ikttion usually includes laying a
concrete foundation, putting in a power sourceailfiag underground piping from the
unit to the house, and other additional piping.

Commonly, manufacturers sell OWBs directly or thgb a national distribution
network. Distribution venues commonly include Iveade stores, fairs, and direct sales.
Typically, stores that sell indoor wood stovesiggdlaces do not sell OWBs. Marketing
literature from manufacturers typically claims tikAtVBs have many advantages over
gas, oil and other wood burning devices, including:

* Eliminating heating bills

* Improving indoor air quality

* Reducing the incidence of asthma or allergies

* Benefiting the environment by reducing the greeskeoemissions

* Increasing safety of heating by removing the hgatinit from the building
* Requiring less time to operate than other wood ibgrdevices

« Reducing dependence of fossil fuéls

® Transcripts from public hearings on Vermont's proposepiiations
10 http://groups.yahoo.com/group/woodheat/message/6422

M http://www.shol.com/mahoning/reason.HTEhdhttp://www.centralboiler.com/eadvantage.php
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In its review of emissions and efficiency data, B&M found limited or no
documentation to support manufacturers’ claims.nidacturers often claim that their
OWABSs have relatively high efficiency ratings. Somenufacturers have made claims
that their units are up to 95 percent efficienbwever, review of the data suggests that
heating efficiencies range from 28 to 55 pertef8ection 2.1.4 contains a more detailed
discussion of OWB efficiency).

3.2. Sales Trend Analysis

With the recent increase in the price of heatirejduthe use of wood for
residential and commercial heating is on the fisAs part of this trend, there has been a
rapid increase in the number of OWBs installed.niviaf the OWB manufacturers began
selling OWBs in the early 1980’s but sales begaris® substantially after 1999. Using
sales data gathered by the New York Attorney Gé'seddfice via subpoena of 21
manufacturers and by EPA from nine manufactureasavClean Air Act Section 114
request, NESCAUM estimates that over 155,000 OWB= been sold nationwide since
1990 (see Table 3-1). Appendix C contains estimatsales by state. Of the estimated
155,000 OWBs sold nationwide, 95% have been sofdneteen states, as illustrated in
Figure 3-1. These states include Connecticutalmalilllinois, lowa, Kentucky, Maine,
Massachusetts, Michigan, Minnesota, Missouri, Nemmigshire, New York, North
Carolina, Ohio, Pennsylvania, Vermont, Virginia, $¥¥irginia, and Wisconsin.

Figure 3-1. States representing 95% of the OWBs bl

12 3chreiber, Judith et Bmoke Getsin Your Lungs: Outdoor Wood Boilersin New York Sate. Office of
the Attorney General; Albany, New York, 2005. Available at
http://www.0ag.state.ny.us/press/2005/aug/August%20pa05

13 http://www.usatoday.com/news/nation/2005-11-13-woodbarpollution x.htm
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National sales have been growing in the past feery at rates of 30 to 128
percent. One manufacturer, Central Boiler, haggtthat it is producing at least 20,000
OWBs annually” with the capacity to produce over 50,000 annugllfhe number of
OWABSs sold in 2003 and 2004 equals the number OVERkis the previous fourteen
years. In 2005, manufacturers have estimated sale=ases of 200 to 350 percent.
Given the continued rise in the cost of petroleurld, it is likely that this sales trend will
continue. EPA has estimated that it would takeramum of five years for rules to be
put in place, at which time over 500,000 OWBs cdagdn place.

New construction uses OWBSs as primary furnacesSCAMBS are also replacing
conventional indoor wood stoves and oil or gasdfiternaces. To promote the use of
EPA certified wood stoves through the Woodstover@eaOut Campaign, EPA is
educating the public about the dangers of usingoldcertified wood stoves. Many
homeowners, however, may be choosing to install @\WiBtead of certified indoor
wood stoves. One manufacturer, Central Boilemneded that fifty percent of the OWBs
sold replace indoor woodstov&s Therefore, while EPA’s change out effort is intpot,
it may be resulting in increased installation of B%\tlue to the absence of education
about OWBs relative to certified wood stoves. il lead to greater wood smoke
pollution if consumers erroneously believe OWBsamteaner option than non-certified
indoor wood stoves.

Table 3-1. Estimated Sales of OWBs since 1990

Year us

1990 195
1991 278
1992 398
1993 568
1994 811
1995 1,159
1996 1,656
1997 2,366
1998 3,380
1999 4,828
2000 6,865
2001 15,330
2002 10,552
2003 15,342
2004 24,560
2005 67,546
Total 155,834

14 Central Boiler stated in conversations at the ASTM meetiaigitproduced 200 units weekly in 2004
and has been quoted as saying that 2005 sales are doubthdmohighest production year, see article at
http://www.jsonline.com/news/gen/oct05/361678.asp
iz Grand Forks Herald, December 6, 20Bdsiness Heats Up.

Ibid.
" sales estimates derived from state specific sales data fremmainufacturers, national sales data from
21 manufacturers, and trend analysis to forecast 1990898005 data. Appendix C provides state
specific sales estimates.
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4. PUBLIC HEALTH CONCERNS

Wood smoke emissions represent a potential thogaethealth of persons living
in proximity to OWB devices. Scientific studiesvieagound associations between the
inhalation of wood smoke or wood smoke constituants adverse health effects. These
findings are of notable concern because a larggidraof the population is susceptible or
at increased health risk from exposure to wood €ndk addition, physical and
operational factors unique to OWBs heighten thesibdgy that people are exposed to
wood smoke in both outdoor and indoor environments.

4.1. Wood Smoke Composition

Wood smoke contains a complex mixture of partieled gases, many of which
have been shown to produce acute and chronic lalogffects, as well as deleterious
physiologic responses in exposed humans. The amgedf fine particulates in wood
smoke presents perhaps the most serious healttorestposed populations, and will be
discussed in more detail in the following sectidood smoke also contains numerous
gases, including carbon monoxide, nitrogen andiswitides, volatile organic
compounds (VOCs), PAHs, and chlorinated dioxingrb@n monoxide can cause
respiratory and cardiac distress because it compéth oxygen on the hemoglobin
molecule, forming carboxyhemoglobin. Studies has®ociated exposure to nitrogen
oxides with toxicological effects including pulmagyadema, bronchoconstriction, and
increased infection rates. Studies have also ededcvVOCs, such as aldehydes, with
upper airway irritation, headaches, and other newsiologic dysfunctions, and possibly
cancer. Studies have shown that polycyclic arantatdrocarbons, such as
benzo(a)pyrene, are carcinogenic in animals andgaage cancer in humans.
Toxicologic evidence also suggests that certairidioongeners commonly found in
wood smoke are human carcinogéhs.

4.2. Particulate Matter Health Effects and Populatims at Risk

The severity and variety of adverse health effatitdfouted to exposure to fine
particulate matter suggests that the aerosol coemaf wood smoke plays a large role
in the observed health effects associated with vammdbustion. Because of its physical
structure, PMs can bypass conductive airways and deliver exogenmterials into the
deep lung. These materials include reactive oogetmemicals that adsorb onto the
particle. Over the past 30 years, scientific enadehas found that short- (e.g., daily) and
long-term (e.g., annual and multiyear) exposuraitioorne PM is associated with

8 Pierson WE, Koenig JQ, Bardana Jr EJ. Potentialrag\eealth effects of wood smokifest J Med
1989; 151:1-6.

Larson TV, Koenig JQ. A summary of the emissidraracterization and noncancer respiratory effects
of wood smoke. EPA-453/R-93-036. U.S. EPA, OfficofQuality Planning and Standards: Research
Triangle Park, NC, 1993.

Maynard RL, Waller R. Carbon Monoxide. In: Holgat€, Samet, JM, Koren, HS, Maynard, RL, eds.
Air Pollution and Health. Academic Press: New York, NY 9980. 749-796.

Zelikoff JT, Chen LC, Cohen MD, Schlesinger RBeToxicology of inhaled woodsmokeTgdxicol
Envron Health 2002; Part B,5:269-282.

Steenland K, Bertazzi P, Baccarelli A, Kogevinas M. Diarvisited: developments since the 1997
IARC classification of dioxin as a human carcinogemviron Health Perspect 2004; 112:1265-1268.
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cardiopulmonary health effects, including increasespiratory and cardiac symptoms,
hospital admissions and emergency room visits paechature death. Other harmful
health effects include aggravated asthma, decrdasgdunction, and chronic

bronchitis. Recent studies suggest that chrorpoguxre to air pollution may actually
result in the development of new cases of asthrdatopy'® A review of adverse

health effects of short-term exposure to partieutaatter in study areas where residential
wood combustion was considered a major source bfearhPM found higher health risk
associatzi(c))ns than those found in areas dominatedhgy sources of PM, especially for
children:

Population subgroups susceptible or most affecyeleNg, s exposure comprise
upwards of 50% of the general population, includthddren, asthmatics, persons with
preexisting respiratory disease or cardiac problehder adults, and healthy adults who
work or exercise outdoof3. Children’s exposure to air pollution is of spéciancern
because their immune system and lungs are notdelgloped when exposure begins.
For example, the number of alveoli in the humamluntreases from 24 million at birth
to 257 million at age four. As the lung epitheliismot fully developed, there is greater
permeability of the epithelial layer in young cnéd. Also, under normal breathing,
children breathe 50% more air per kilogram of baayght than adults. In addition,
children’s high activity levels can result in inased ventilation, increasing exposure to
air pollutants such as particulate matter. Thastofs suggest that there is a critical
exposure time for children when air pollution mayvé long-term effects on respiratory
health?® However, PM exposure can adversely affect boscentible and general
populations, including healthy adults. The exagel where an individual might become
ill or sensitized is unknown because of the inapif scientists to determine whether a
threshold level exists or does not exist below Whegposure to PM is safé.

Even hourly exposures to fine particulate mattey negult in acute health
responses within susceptible subgroups. Clinicdlepidemiological evidence now
suggests cardiac health effects, including incrais& of myocardial infarction and
decreases in heart rate variability, which may $soeiated with PM exposures with

9 pope CA, Burnett RT, Thurston GD, Thun MJ, Calle Eiewski D, Godleski JJ. Cardiovascular
mortality and long-term exposure to particulate air pallutiepidemiological evidence of general
pathophysiological pathways of diseaSgculation 2004;109:71-77.

Review of the National Ambient Air Quality StandardsParticulate Matter: Policy Assessment of
Scientific and Technical Information. EPA-452/R-05-005. EEBA, Office of Air Quality Planning
and Standards: Research Triangle Park, NC, 2005.

Peters JM, Avol E, Berhane K, Gauderman WJ, &illllF, Jerrett M, et al. 2004. Epidemiologic
investigation to identify chronic effects of ambient aillygants in southern California. Contract No. 94-
331. Los Angeles, CA:University of Southern Calif@rni
2 Boman BC, Forsberg AB, Jarvholm BG. Adverse healtoggffrom ambient air pollution in relation to
residential wood combustion in modern soci&€and J Work Environ Health 2003;29:251-260.
2L Johnson PRS, Graham JJ. Fine particulate matter NatiorsibAtAir Quality Standards: public health
impact on populations in the northeastern United St&tesron Health Persp 2005;113:1140-1147.

22 Schwartz J. Air pollution and children’s healfrediatrics 2004;113: 1037-1043.

% Daniels MJ, Dominici F, Zeger SL, Samet JM. 2004. ThedXatiMorbidity, Mortality, and Air
Pollution Study, Part Ill: PM10 Concentration—Respabseves and Threshold for the 20 Largest US
Cities. Research Report 94. Boston, MA:Health Effectstutsti
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averaging times less than 24 hours (e.g., oneveraehoursf* These findings, in
combination with associations between daily chamgé®¥vi and cardiovascular deaths
and hospitalizations, indicate that short-duraggposures to wood smoke emissions
could have serious health effects, especially dscsptible members of the population,
such as those with preexisting heart disease aledt persons.

While the above evidence regarding the severityeaiith effects and magnitude
of populations affected by PM has led health s@&nto conclude that exposure to wood
smoke should be avoidédresidential wood combustion (RWC) remains onénef t
largest sources of PAMemissions to the atmosphere in North Ameffc&tudies in
urban and rural areas have found that wintertimileatial wood smoke contributes
significantly to ambient concentrations of Pi&s well as VOCS' This can be
aggravated in areas subject to persistent temperaversions, located in valleys, or
which have a high percentage of wood burning haniss®® Wood smoke PM is
dominated by particles with average mass diamegemsrally between 0.1 and Qué.
Submicron particles readily penetrate residentralcsures as a result of the normal
exchange of aif® Particles in wood smoke emitted from chimneysehaeen found to be
a major source of indoor particles and thus a soaf@xposure to residents, even in
homes without wood stovéS.Given the infiltration capacity of PM, exposure to wood

24 Brook RD, Franklin B, Cascio W, Hong Y, Howard G, léfisM. Air pollution and cardiovascular
disease: a statement for healthcare professionals from the expelrop population and prevention
science of the American Heart Associati@ir.culation 2004;109: 2655-2671.

% Pierson WE, Koenig JQ, Bardana Jr EJ. Potential aglveraith effects of wood smoRk&/est J Med
1989; 151:1-6.

Koenig JQ, Larson TV, Hanley QS, Rebolledo V, DarmK, Checkoway H, et al. Pulmonary function
changes in children associated with particulate matter airtjpsilin a wood burning communitinviron
Res 1993:63;26-38.

Larson TV, Koenig JQ. Wood smoke: emissions amtawacer respiratory effectdnnu Rev Public
Health 1994; 15:133-156.

Zelikoff JT, Chen LC, Cohen MD, Schlesinger RB. Ttwcology of inhaled woodsmoké.Toxicol
Envron Health 2002; Part B,5:269-282.

Bates DV, Koenig J, Brauer M. Health and Air Qualiep2 — Phase |: Methods for Estimating and
Applying Relationships between Air Pollution and Healffeé&s. Final Report. British Columbia Lung
Association. May 2003.

% Fine PM, Cass GR, Simoneit BRT. Organic compounds im&és smoke from residential wood
combustion: emissions characterization at a continental ddaiphys Res-Atmos 2002; 107(D21):8349.
27 Johansson LS, Tullin C, Leckner B, Sjovall P. Pargetéssions from biomass combustion in small
combustorsBiomass Bioenerg 2003; 25:435-446.

McDonald JD, Zielinska B, Fujita EM, Sagebiel JCo®HIC, Watson JG. Fine particle and gaseous
emission rates from residential wood combustitviron Sci Technol 2000; 34:2080-2091.

Polissar AV, Hopke PK, Poirot RL. Atmospheric aataver Vermont: chemical composition and
sourcesEnviron Sci Technol 2001; 35:4604-4621.

28 Sexton K, Spengler JD, Treitman RD, Turner WA. Winteaility in a wood-burning community: a
case study in Waterbury, VermoAtmos Environ 1984; 18:1357-1370.

2 Boman BC, Forsberg AB, Jarvholm BG. Adverse healtbctsffrom ambient air pollution in relation to
residential wood combustion in modern soci&and J Work Environ Health 2003; 29:251-260.

Abt E, Suh HH, Catalano P, Koutrakis P. Relativerdmuion of outdoor and indoor particle sources to
indoor concentrationg&nviron Sci Technol 2000; 34:3579-3587.

30 Anuszewski J, Larson TV, Koenig JQ. Simultaneous indooroutdoor particle light-scattering
measurements at nine homes using a portable nephelodrietposure Anal Environ Epidemiol 1998;
8:483-493.



Assessment of OQutdoor Wood-fired Boilers Page 4-4

smoke indoors—where individuals typically spendmiegority of their time—can occur
across large residential areas.

4.3. Unique Factors Relating to OWB Emissions and Rential Public
Health Threats

Outdoor wood boilers are a uniqgue emission souitie aperational and design
factors not typically found in other residential@gbburning appliances. First, the design
of OWBs is to operate intermittently following theat load of a building. This design
enables boilers to burn wood in low temperature @ydjen-starved conditions to
prolong the fuel source. In general, Pd¥hass concentration increases during
unsatisfactory operating conditions, especially igHewer excess air ratios or low-
quality fuel can yield more condensable gas andriogcondensation nucl&i. Reduced
combustion air supply favors the emission and feioneof especially harmful pollutants,
as inefficient smoldering conditions can resulhigh emissions of particles and
unoxidized gaseous compounds, leading to the féomaf particle-bound PAHE:

Unlike EPA-certified residential wood stoves, tesigin of many OWBs do not provide
for the oxidation of incomplete combustion vapofs a result, these are available for
formation of PM srich in relatively high molecular weight organicrapounds.

Second, in addition to poor combustion properties relatively short stack
height of OWBs creates dangerous dispersion camditio nearby buildings, including
an increased likelihood of worst-case emission @ges such as fumigation and
impingement. In contrast to indoor wood stove lstabat extend through the roof of a
home to heights of 20 to 30 feet, OWBs come witbrisstacks typically between 8 to 10
feet tall. In addition, the regular use of OWB&lfier exacerbate the potential impact of
their emissions on nearby buildings because thkamaes supply hot water for domestic
consumption and heating every day, all year longtjusi during wintertime. In-field
ambient PM s monitoring recently conducted by NESCAUM illusedhe potential for
OWBs to affect nearby ambient air quality as disedsin Section 5.2 of this report.

Finally, the use of OWBs for trash burning increagetential emission and
public health problems related to these devicd® Sizeable firebox capacity and large
loading door dimensions characteristic of OWBslitate the loading and combustion of
non-wood materials, such as household waste f&apger, plastic, and packaging). The
combustion of these materials in devices that tawestacks, lack emissions control
systems, and operate under low temperature congliticeates the potential for
generating hazardous air pollutants in close prayito homes, schools, businesses and
other areas where people spend significant amadiniime. Using OWBs without

31 Barrefors G, Petersson G. Volatile hydrocarbons fromegtic wood burningChemosphere 1995;
30:1551-1556.

Johansson LS, Tullin C, Leckner B, Sjovall PtiBlaremissions from biomass combustion in small
combustorsBiomass Bioenerg 2003; 25:435-446.
3 Hueglin C, Gaegauf C, Kunzler S, Burtscher H. Charactesizati wood combustion particles:
morphology, mobility and photoelectric activignviron Sci Technol 1997; 31:3439-3447.

McDonald JD, Zielinska B, Fujita EM, Sagebiel JCo®hIC, Watson JG. Fine particle and gaseous
emission rates from residential wood combustigviron Sci Technol 2000; 34:2080-2091
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emission controls to burn trash is analogous taiigeof burn barrels and burn piles,
which many states and local governments have bameealise they emit a variety of
pollutants, including acidic gases, heavy metaid, dioxin. Inhaling these substances
has the potential to cause health problems inctpdyre and throat irritation, respiratory
problems, and an increased risk of cariter.

4.4. Cause for Concern

Because OWBs are conducive to the formation of Righemissions relative to
background levels during routine operating condgicOWBs may present a potential
health risk to nearby populations. Should theai¥@WBs become more prevalent in
populated areas, OWB wood smoke particulate emmissiould result in short- and long-
term ambient and indoor air quality impacts on hgareighbors, in light of the ability of
fine aerosols to permeate readily into dwellingisese impacts likely would also affect
populated areas subject to pollution loading agigirom terrain and meteorological
conditions favorable to inversion formation. Thasses public health concerns because
of the known health effects associated with expwsaPM, including a suite of
respiratory and cardiac morbidity outcomes as aglbremature mortality. Susceptible
populations, such as the elderly, children, andqres with preexisting cardiopulmonary
disease, may be at higher health risk and therelisproportionately affected.

Consideration of operating and design featuresajpo OWBSs that can
influence emissions supports these public healtt@ms, including poor combustion
design, low stack height and poor dispersion, &rason utility, large firebox chamber
capacity, and the potential to burn trash. Culyefgw field assessments of OWB
ambient emissions have been conducted, therebyrgmegulatory efforts to evaluate
this potential public health problem, especiallyhivi the context of whether 24-hr and
annual PM standards are suitably protective insaneth heavy wood burning. It is
reasonable and prudent to assume that OWBs caenpr@public health risk to
populations in proximity to these devices.

33 Lemieux PM. Evaluation of Emissions from the Open BugriHousehold Waste in Barrels. EPA
Project Summary. EPA/600/SR-97/134. U.S. Environmé®riatiection Agency, National Risk
Management Research Laboratory: Cincinnati, OH, 1998.
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5. EMISSIONS INFORMATION

This section reviews previous studies of OWB eroissiand describes the results
of two studies conducted by NESCAUM.

5.1. Previous Test Data

A search of available data revealed limited infaioraon OWB emission
characterizations. Below are the results of thisaw.

» A study by Valenti and Clayton for EPA in 1998 ioglies that two furnaces, a
Central Boiler model and a Taylor model, exhibifd emission levels as high as
143.2 g/hr for high heat removal firing and 55.Argit low heat removal. This
testing, under idealistic combustion conditionsndastrated that OWBs can emit
between four and twenty times higher levels of fiaeticulate matter
concentrations than certified wood stoves. SiryilJahe authors concluded that
OWBs emit between 0.5 and 196 times higher levielA#is>* The application
of a prototype catalyst on one device lowered PNksions to 53.8 and 37.8 g/hr
respectively. This compares with most indoor womydeas meeting the
Washington state standard of 4.5 g/hr emissiomgal Thromatographable
organics (TCOs) were as high as 5.4 g/hr at higi femoval to 8.31 for low heat
removal. The PAH emissions were as high as 2.8fgfthigh heat removal and
0.64 g/hr at low heat removal. Surprisingly, thsatyst runs generated
substantially higher levels of TCO and PAH compaiiwhen converting the
PM emissions into milligrams PM per megajoules loedput, the Central Boiler
unit produced 1,048 mg/MJ and the Heatmor prod@&idmg/MJ. A paper by
EPA’s McCrillis in 1995 indicates that non-catatytiertified wood stoves are
much cleaner at 383 mg/MJ, catalytic stoves atmgBVJ and pellet stoves at
110 mg/MJ.

* Vermont Department of Environmental Conservatioi (¥EC) determined,
pursuant to litigation, that a unit produced by tCarBoiler (Model CL-7260)
had an “adjusted emission rate” of 93.76 g/hr.isAumber was derived by state
review of laboratory testing conducted by the mantufrer. Central Boiler
claims in their submission of the tests that theaaate was 3.36 g/hr. However,
after thorough review, the Vermont DEC Air Polluti@ontrol Agency concluded
that Central Boiler incorrectly interpreted thealahd believes that the state’s
calculations of 93.76 g/hr are accurate.

* US EPA and the New York Attorney General’'s Officvé obtained sales and
emissions data from manufacturers. Table 5-1 ammtmissions data made
public by the New York Attorney General’'s Offic@WB manufacturers have
claimed that these data are Confidential Busingfssrhation and therefore

34 valenti JC, Clayton RK. Emissions from Outdoor Wood4Bng Residential Hot Water Furnaces. EPA
Project Summary, EPA/600/SR-98/017. U.S. EPA, Nati®ist Management Research Laboratory:
Cincinnati, OH 1998.
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NESCAUM has not been able to review the test repmrunderlying test
procedure® and therefore cannot confirm the test resultsdetermine the
amount of emissions that may not have been meagsutbd condensable portion
of the emissions. However, the data do show higis&on rates and indicate that
manufacturers are aware of these high emission fiadm their OWBSs.

Table 5-1. Unevaluated OWB Emissions Dat&

Unit PM Emissions| PAH Emissions | Heating | Number of
g/hr g/hr Efficiency | Test Runs
OWB 1* 84 Not Available 30% 5
OWB 2* 60 Not Available 37% 4
owB 3* 108 Not Available 28% 2
OWB 4* 18 Not Available 31% 2
OWB 5* 49 Not Available 55% 7
OWB 6* 33 Not Available 37% 2
OWB 7** 147 Not Available 55% 2
OWB 8** 118 Not Available 53% 2
OWB 9*** 179 Not Available 45%
OWB 10*** 269 Not Available 46%

* Intertek Laboratories 2004
** Omni Laboratories 2004
*** |Intertek Laboratories 2004 from ASTM subcommittee, olderdel not currently being sold.

While there is only limited data at this time, tteta show that PM emissions
from OWBSs are very high. One study concluded @B emissions are 10 to 20 times
higher than certified indoor wood stovBsSuch high emissions result from low
efficiency and incomplete combustion of fuel. T@ennecticut Department of
Environmental Protection completed a comparisomoofies heated with natural gas, oil,
and OWBs, and concluded that emissions from one @véBequivalent to emissions
from four non-certifiedvood stoves, 18 certified wood stoves, 205 ohéwes or 3,000
to 8,000 natural gas furnac&sTo put these emissions into perspective, one QAB
emit as much PM as four heavy duty diesel truékgure 5-1 provides a chart
comparing particulate emissions from various saifte

% Correspondence with EPA Region 1 in response to NESCABRI# request of data submitted to
EPA as a result of a Section 114 action.

3 Schreiber, Judith et #moke Getsin Your Lungs: Outdoor Wood Boilersin New York Sate. Office of
the Attorney General; Albany, New York, 2005. Available at
http://www.0ag.state.ny.us/press/2005/aug/August%20paos

37 Schreiber, Judith et eBmoke Getsin Your Lungs: Outdoor Wood Boilersin New York Sate. Office of
the Attorney General; Albany, New York, 2005. Available at
http://www.0ag.state.ny.us/press/2005/aug/August%20pdos

38 CTDEP. Connecticut Department of Environmental ProtecG@mnecticut DEP Fact Sheet: Outdoor
Wood Burning Furnaces. State of Connecticut, Connecticut Degatof Environmental Protection. July
2004; available atittp://www.dep.state.ct.us/air2/consumer/index;rdgotessed June 14, 2005.

39 Based upon an average emission rate of 36 g/hr for digsksthttp://www.burningissues.org/comp-
emmis-part-sources.htm
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Figure 5-1. PM Emission Comparison (g/hr)
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5.2. Near-Source Ambient Emission Field Monitoring

Currently, few assessments exist of OWB impactmbient air quality, limiting
regulatory efforts to evaluate exposure conditiang the potential health risks posed to
nearby population® In order to characterize ambient Pmissions near an OWB,
NESCAUM performed a screening level evaluation iaréh 2005.

Pilot field monitoring was conducted in Central N¥ark State at a site within
50-150 feet of a Hardy H5-1-07 “Economy” boil€r.The device had a fire chamber
22.6 cubic feet in size, maximum capacity of 180,8%u/hr, and stack height of about
10 feet. Fuel usage during monitoring was a migreen oak logged 11/01/04 and split
12/04 (stored dry) and maple/cherry/other hardwseasoned about one-year (stored
dry). The PMsmonitoring interval was a 15-second averaging iimerder to capture
high temporal resolution during different boilereogting modes and fuel loads. A
Thermo Electron DataRAM 4000 performed the monitpof PMys. This is a portable
nephelometric monitor that employs light scattetimgneasure the fine particle fraction
of airborne pollutants. The DataRAM has the apiiit estimate particle size below
PM,sand is an ideal instrument for portable and higime-resolved applications.

“0 The Michigan Department of Environmental Quality modetedimpacts of an OWB based on
theoretical emissions (see Appendix D)

“L A detailed presentation of findings has been submittegeer-reviewed publication to the Journal of
Health and Ecological Risk Assessment by Philip RS Johim¢BSCAUM.
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Results indicate that areas within 150 feet of &iBOcan experience high P
concentrations relative to background levels. @wmoius sampling recorded periodic
values >1,000 pg/frand frequent values >400 pd/throughout the course of routine
OWB operating conditions, including damper opery{en rich) and damper closed
(oxygen starved) modes and within about 1 hourZzhbdours after fuel loading. The
monitor found high PMs levels at all sampled distances, recording valysgards of
4,000 pg/mover distances of 50, 100, and 150 ft. The momibserved a peak value of
8,880 pg/mat 50 ft.

The time-series plotted in Figures 5-2 and 5-3 skelected results. Figure 5-2
displays fine particle values that the monitor of#d about 24 hours after the OWB had
been loaded with a wheelbarrow of wood fuel. (Wivas calm and variable/southerly,
temperature about 8 °C, and relative humidity add@b with light snow.) As shown in
Figure 5-3, the study also conducted £ivhonitoring before and within 1 hour after
OWB loading with ¥2 wheelbarrow of wood fuel. (Wings calm and
variable/southerly, temperature about 6 °C, atative humidity about 50% with light
snow.) In both figures, the monitor recorded MR, sreadings during both damper
open and damper closed modes at all distances #iengonitoring transect. It found
the highest values within 1 hour after fuel loadiwggh damper open. General
observations of wind direction and speed indicla#t thanges in monitored BM
concentrations occurred when the measurement dexasalirectly downwind or not
directly downwind of the OWB plume.

While this screening level pilot study was not mted to quantify 24-hour or
longer-term average exposures (e.g., a completengesseason), such information would
be useful to collect in order to compare typicab&nt OWB PM levels to current 24-
hour or annual PM national ambient air quality demds. There are no health-based
benchmarks for Pl for 15-second averaging times. However, the Ry s 15-
second concentrations observed in this study dadidate the potential for elevated 24-
hour average concentrations relative to currenitindmsed standards. EPA’s current
national ambient air quality 24-hr and annual REtandards are 65 pgii98"
percentile form) and 15 pugfirespectively. EPA recently proposed a revisetir?4
PM, 5 standard of 35 pg/f{98" percentile form) with no proposed revision of greual
standard® Canada’s more stringent B¥24-hr objective is 30 ugfi* Because of this

“2 Because the monitored data NESCAUM obtained was from an egesined OWB (180,000 Btu/hr),
there is the potential that other OWB devices emit higié2.5 concentrations; OWB models can range
from about 115,000 to 3,200,000 maximum Btu/hr output
3 US Environmental Protection Agency. Revisions to théddat Ambient Air Quality Standards for
particulate matter. Final rule. Fed. Reg. 1997;62:38652—38760

Review of the National Ambient Air Quality StandardsPRarticulate Matter: Policy Assessment of
Scientific and Technical Information. EPA-452/R-05-005. €&fof Air Quality Planning and Standards,
US Environmental Protection Agency: Research Triangle P&tk 2R05.

US Environmental Protection Agency. National AmbiemtQuality Standards for particulate matter.
Proposed rule. Fed. Reg. 2006;71:2620-2708.
#4 Canadian Council of Ministers of the Environment. Hurd@alth Effects of Fine Particulate Matter:
Update in Support of the Canada-wide Standards for PaticMatter and Ozone. Health Canada: Ottawa,
Canada, 2004. URL for CWSavw.ccme.ca/publications/
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study’s findings of high PMs concentrations in proximity to an OWB under roatin

operating conditions, NESCAUM recommends furtheeegch to quantify the nature
and magnitude of OWB ambient emissions in populateds.

PM2.5 (ug/m3)

Figure 5-2. Field measurements of Pl near outdoor wood boiler
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5.3. Results of NESCAUM OWB “In Use” Stack Test

In June 2005, NESCAUM completed stack testing 86@000 Btu/hr Central
Boiler unit to gain a better understanding of OWK@tions. NESCAUM made pilot
measurements on an "in-use" (field, not laboratoegjdential OWB to determine
emission rates for different burn scenarios usaaj-time measures and short duration
filter samples. In addition, the test also obtdidata on particle size, stack temperature
and flue velocity. The results from these measergmare anecdotal in nature since
NESCAUM tested only a single furnace and wood tylNevertheless, combined with
other laboratory emissions data, these tests pgavioetter understanding of the potential
impact of these sources on air quality. The exmee gained from these tests in how to
better characterize the real-world emissions frotdB3 will be useful in guiding the
design of future testing programs.

5.3.1. Testing Methods

NESCAUM performed testing in June 2005 on an OWeénttal Boiler CL-17,
rated at 250,000 Btu/hr that was installed in 2@0Beat a residence, provide hot water,
and heat a swimming pool. For this test, the lozat was the swimming pool; the
damper was manually controlled to simulate moddratding loads observed in
NESCAUM'’s previous test. The wood used was fromftirnace owner’s wood pile.
The wood consisted of mixed hardwoods with moisametents ranging from 20 to 40%.
Appendix E contains information on the moistureteahalong with opacity readings
taken by USEPA Method 9-certified staff from the WEC. On day one of testing, the
OWSB received an initial load of wood with no coaldithat was not disturbed until the
end of the test runs that day. On day two, the Gdtdited with a full load of wood on a
bed of coals. The loading door was opened ondegltine second day of testing to
check the load and rake the coals. Nothing elsedeae to the wood load in the OWB
during the testing period.

A Thermo Electron DataRAM 4000 made continuousksiR concentration
measurements using light scattering to estimateRidncentrations. The OWB stack
sample was diluted with ambient air by a factot treaied between approximately ten to
twenty times (the actual dilution ratio was repdbteneasured and applied to the
reported data). The dilution air was added withm stack to minimize water vapor
condensation problems. The sample train providéfitent residence time (several
seconds) and near-ambient temperatures to alloanargases in the sample to condense
to particle phase. Thus, this method should bsidened to be measuring both the “hot”
and “cold” (condensed organic vapor) fractionshaf stack PM emissions. Observed
stack PM concentrations were five to ten times @ighan expected, so there were some
problems with the continuous PM measurements. ifflaeprobe clogged (partially or
completely) several times, and concentrations ededéhe DataRAM's useful range a
significant amount of the time. Data from thesaqus have been excluded from this
report, with the exception of a few brief periotattare noted as “saturated” on the
continuous data plots. The continuous PM data baea converted into emission rate
data (grams per hour) based on the average dryffloeach of the two burn modes (idle
fire or damper closed mode and full fire or dampeen mode). For the scatter plot
comparing data from the DataRAM continuous PM metwih the filter gravimetric
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method (see below), mass concentrations of PMdrstack are used. The DataRAM
also reports a semi-quantitative measurement ofdhene (mass) median particle
diameter (an approximate estimate of particle size)

A modified EPA Method 17 sampling system (using |8 pore-size glass fiber
filters) collected short-term (3 to 20 minute)diltgravimetric PM samples. The stainless
steel filter holders were preheated to 2F5rior to sampling, but were outside the stack
and unheated during sampling (no hot-box was used)e actual temperature of the
filter varied with the furnace burn mode resulting substantial variation in the amount
of “condensable” (semi-volatile organic) PM colledton the filters. “Full fire” mode
(damper open) stack temperatures were usually ad@¥&; this resulted in substantial
under-measurement of PM due to the inability to sneathe condensable PM. “Idle
fire” mode stack temperatures were as low asA38nd much of the condensable PM
was collected under these conditions even thouglfilter holders were preheated.

5.3.2. Results and Discussion

The following sections provide specific detailstbe testing results using the
DataRam and filter test methods.

Results from DataRam M easurements

Figures 5-4a through 5-4e are time series plot®ofinuous PM emission data,
particle mass median diameter, and stack tempetaflimes and values of gravimetric
filter sampling are also indicated on these pldfsssing time periods are when the
DataRAM data are invalid for various reasons asabove.

The continuous PM emission data demonstrate the-sdran dynamics of
emission rates in more detail than filter sampl@adan some cases, changes in emission
rates can be related to changes in burn condifaeraper state changed), but often the
rates change dramatically for no obvious reasone @bssible explanation is settling of
the wood load inside the furnace, but this couldbgobserved without interrupting the
testing process. The wide range of PM emissiasraven under similar conditions
demonstrates the need for more extensive testipgofeerly characterize sources. The
mean emission rate from the continuous monitor #&sg/hr*> This rate does not
include start up emissions (worst case scenar)y@presents mid-range emissions,
operating through several operating cycles. Tdiis is higher than the mean of filter
emission rates for either mode (93 g/hr for fukkfimode and 64 g/hr for idle fire mode),
which is likely due to the filter sampling methodisbility to measure condensibles.

Results from filter samples

Table 5-2 gives a summary of filter test resultsdamper open or full fire, and
Table 5-3 gives results for damper closed or in&e fThe mean PM emission rate for all
full fire filter runs is 93 grams per hour (g/hr)tiva range of 13 to 237 g/hr. For idle fire
conditions, the mean is 64 g/hr with a range ofdlB48 g/hr. To put these emissions

> This measurement came from a mostly contiguous 3.5 hoodm day two of testing after two initial
modulations of the unit running a period beginningttrs after the fuel charge and ending six hours
after fuel charge.
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into a hypothetical ambient PM concentration contéxhe maximum rate of 237 g/hr
were emitted into a totally stagnant air mass @ d&tbic meters (for example, an area of
100x100 meters and a height of 100 meters), theeathBM concentration would be 237
ng/nt after one hour.

We must note that caution should be taken in maiefragive comparisons of
emission rates from the two burn modes based ofiltidredata. These data imply that
on average, full fire PM emission rates are appnaxely 50% higher than idle burn
rates. As noted above, and discussed in detaWhé¢he filter data from full fire samples
is likely to be biased low by a large factor be@aakthe loss of condensable PM from
the hot filter. This implies that the actual ffite emission rate is much higher than the
idle rate. An additional uncertainty in calculatiof idle fire emission rates is the stack
flow measurement; the flows were very low in thatda and thus difficult to measure
accurately.

Comparison of two testing methods

To assess the comparability of the two PM measunemethods used
(continuous and filter-based), Figure 5-5 showstscalots of matching time periods
when collecting both filters and valid continuoud Bata. Data from the two burn
modes are compared separately because of the suglstifference in how much
condensable PM was presumably collected with thex inethod between the two
modes. Table 5-4 presents the data used in FigGreNote that Table 5-4 presents
these data as concentrations (grams per cubic ymatker than emission rates.

The difference in both numerical agreement andetation between the two PM
measurement methods between the two burn modesssstent with the differences in
filter temperature between the two modes. Indheburn (damper closed) mode, stack
(and therefore filter) temperatures are relatively, allowing collection of much of the
condensable organic PM. In this mode, the two ouditorrelate well and the mean PM
is within 30%. In the full burn (damper open) mptlee stack (and filter) temperatures
are much higher, so the filter is not collectingamwf the condensable PM. In this
mode, the two measurement methods do not correlatethe filter PM data are much
lower than the continuous PM data. In the dampenanode, the continuous data range
is approximately a factor of 10; the filter datage for this mode is small, with five of
the six samples between 0.13 and 0.223g/Mhe mean of the continuous DataRAM PM
is nearly seven times higher than the mean ofilfee PM for this sample subset period.
These differences between the two PM methods drenexpected, since the modified
method 17 used for the filter measurements doeattenpt to efficiently collect the
condensable organic PM fraction.

Stack Conditions

Stack temperatures varied widely, from as low @&E3idle burn) to 60T (full
burn). Median particle size also varied widelpnfr0.1 to over 1 um in diameter.
Smaller sizes were generally associated with hdt) burn modes, with larger sizes
during idle (cooler) burns. This is consistenthwithat could be expected; hotter burns
would have less organic carbon material since itjeeln temperatures combust more of
the organic carbon.
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Conclusions

While it would be reasonable to assume that alifrésad of burning wood in the
OWB would result in higher emission rates compdcean “aged” load that is more
charcoal-like, this was not the case. The idlenbaode filter test results were
insufficient to show this and the full burn modstsewould not be appropriate to use
since the filter measurements did not capture thpmty of PM emissions. ldle burn
filter PM data from June 21 were too limited (2 gé@s, both 2-3 hours after loading) for
this assessment. On June 22, six idle-fire fileasurements were made from about ¥2
hour after the OWB was loaded to almost 6 houesr affhe successive idle burn filter
PM emission rates were 51, 83, 109, 148, 27, argtd®s/hour. Although the two
lowest PM emission rates were at the end of thesezpience, the highest value of
148 g/hr occurred almost five hours after the waad loaded. Thus, no clear
conclusion from these limited data can be maderdagg emissions and age of load.
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Table 5-2. Filter Measurements Idle Burn Mode
Test Run 3 5 7 10 12 14 16 17
Date 6/21/2005 6/21/2005 6/22/2005 6/22/2005 6/22/20d5  /22/2005 6/22/2005 6/22/2005
Clock Time (24 hour) 15:08 — 15:23| 16:15 — 16:31L 1f69232‘ 11:21 - 11:40| 12:47—-12:5p 14:18-14:21 15:08:115 15:18 — 15:21]
Test Duration (minutes) 15 16 19 19 3 3 3 3
Sample Volume (dscf) 4.583 4.838 6.09 5.416 0.865 0.862 0.862 1.014
Test Measurements Means
Isokinetics (%) 88.9 87.9 92.2 82.1 101.6 95.5 91.6 97.8 92.2
Moisture Content (%) 7.5 7.5 75 75 75 75 7.5 75 75
Temperature (F) 200 200 200 200 356 280 250 140 228.25
Gas Composition —
COn (%) 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4
0, (%) 13.3 13.3 13.3 13.3 13.3 13.3 13.3 13.3 13.3
CO (%) 0 0 0 0 0 0 0 0 0
N, (%) 80.3 80.3 80.3 80.3 80.3 80.3 80.3 80.3 80.3
Gas Velocity (fps) 2.4 2.4 2.4 2.4 2.6 25 2.5 2.3 2.4375
Gas Volumetric 37 37 37 37 32 34 36 39 36.125
Flow (dscfm)
(acfm) 50 50 50 50 54 52 52 48 50.75
PM Emission Determinations
Concentration 0.268 0.2705 0.354 0.5804 0.8778 1.1171 0.1933 52.08 | 0.468288
(grains/dscf)
Emission Rate (lbs/hr) 0.08 0.09 0.11 0.18 0.24 0.33 0.06 0.03 0.14
Concentration 0.614 0.619 0.811 1.329 2.010 2.558 0.443 0.195 72B18
(grams/meter’)
Emission Rate 38.56 38.92 50.93 83.50 109.22 147.69 27.06 1292  3.606
(grams/hour)
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Table 5-3. Filter Measurement Full Burn Mode

Test Run 1 2 4 6 8 9 11 13 15
Date 6/21/2005 6/21/2005 6/21/2005 6/22/2005 6/22/2005 /22/@005 6/22/2005 6/22/2005 6/22/200%
Clock Time 14:11 — 14:38 — 15:37 — 09:44 — 10:43 — 10:59 - 12:16 — 13:50 — 14:39 —
(24 hour) 14:19 14:45 15:56 09:49 10:50 11:00:30 12:31 14:06 14:55
Test Duration (minutes) 8 7 19 5 7 1.5 15 16 16
Sample Volume (dscf) 2.583 3.701 4.662 1.586 1.946 0.36 4.06 4.223 4.199
Test Measurements Means
Isokinetics (%) 134 95.3 99.3 133.4 116.7 193.4 102.3 101.6 1011 19.6778
Moisture i
Content (%) 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.
Temperature (F) 450 590 630 360 455 455 478 500 500 490.88B9
Gas Composition —

QO (%) 8.3 8.3 8.3 8.3 8.3 8.3 8.3 8.3 8.3 8.3

02 (%) 11.8 11.8 11.8 11.8 11.8 11.8 11.8 11.8 11.8 11.9

CO (%) 0 0 0 0 0 0 0 0 0 0

N2 (%) 79.9 79.9 79.9 79.9 79.9 79.9 79.9 79.9 79.9 79.9
Gas Velocity (fps) 6.4 6.9 7 6 6.4 6.4 6.5 6.5 6.5 6.51111
Gas Volumetric 60 56 55 63 60 60 60 58 58 58.88880
Flow (dscfm)

(acfm) 134 144 147 126 130 134 136 136 136 135.88B9
PM Emission Determinations

Concentration 0.9965 0.0763 0.0755 0.9691 0.2244 0.9774 0.090 0770. 0.0588 0.393989
(grains/dscf)
Emission Rate (Ibs/hr) 0.51 0.04 0.04 0.52 0.12 0.06 0.05 0.04 0.03 08564
Concentration 2.282 0.175 0.173 2.219 0.514 2.238 0.208 0.177 350.1 | 0.902235
(grams/meter)
Emission Rate 232.49 16.61 16.15 237.40 52.35 228.03 21.18 17.39  13.26 92.76336
(grams/hour)
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Table 5-4. Comparison of Filter Data and DataRam
Full Burn Data
6/21/2005 6/21/200% 6/22/2005 6/22/2005 6/22/2005 6(X52
14:38 — 14:45 15:37 — 15:56 10:43 - 10:50 12:1@:31 13:50 — 14:06 14:39 — 14:5F%
PM Concentration, g/t
DR 3.070 0.340 1.355 1.174 1.900 1.532
Filter 0.175 0.173 0.514 0.208 0.177 0.135
Idle Burn Data
6/21/2005 6/22/2005 6/22/2005 6/22/2005 6/22/2005
16:15 - 16:31 12:47 — 12:50 14:18 -14:21 15:0841 15:18 — 15:21
PM Concentration, g/m
DR 0.661 2.586 2.956 1.269 0.501
Filter 0.619 2.010 2.558 0.443 0.195
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Figure 5-4b: VT Outdoor Wood Furnace Stack Samplig
Continuous PM (Data RAM) 21-June 2005
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Figure 5-4c. VT Outdoor Wood Furnace Stack Samplig
Continuous PM (Data RAM) 22-June 2005
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Figure 5-4d. VT Outdoor Wood Furnace Stack Samplig

Continuous PM (Data RAM) 22-June 2005
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Figure 5-4e. VT Outdoor Wood Furnace Stack Samplig

Continuous PM (Data RAM) 22-June 2005
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5.4. ASTM Test Protocol

In June 2004, the ASTM sub-committee was formeditelop a standardized,
replicable laboratory method to measure particidatessions from OWBs. The goal of
this process is to develop a laboratory-basednesitod that evaluates emissions
between different OWBs and measures particulatesams and delivered heating
efficiency at a minimum of four heat output ratdsis will provide accurate and reliable
data on the performance of OWBs as an aid in deuejccleaner technology. There are
currently thirty voting members on the committemeteen are manufacturers, three are
from OWB testing companies, two are from state mmmnental agencies, one is from a
state attorney general’s office, one is a consyltame is a coordinator for the HPBA
trade association, one is from a state economieldpment agency, one is from
Environment Canada, and one is from EBA.

5.5. Conclusions on Emissions Testing

Both the ambient and stack testing conducted B GIAUM on smaller OWBs
burning appropriately seasoned hardwood showedmi@hsemissions, suggesting that
people living near OWBs may be affected by unhgdihels of PM s Because
manufacturers are selling OWBs primarily for usedsidential settings, NESCAUM
believes a single PM emission limit expressed angy per hour should be developed to
reduce emissions and assure public health protectio

NESCAUM also concludes that it may be appropriatese newer, continuous
PM measurement methods to measure emissions froBSCAWd other wood burning
devices. In order to accurately quantify emissimm€WBSs, the testing method must
have the capability to provide accurate resultemgithe likelihood of filter loading and
excessive moisture content. In addition, it isicai that any robust measurement of
OWB emissions be capable of measuring the condéngaltion of PM since the
majority of wood smoke emissions are in the condelesfraction. Traditional “back-
end” techniques (such as method 202) are not desitpmn wood smoke and may not
efficiently capture the condensable fraction. kalpower plant stack aerosols, wood
smoke is not water soluble, and the small parsdes generated in full fire mode are
difficult to collect using inertial techniques. 8iefore, the use of alternative
technologies and test methods such as continuousi@Adurement may be more
appropriate for OWBs. Such alternatives alreadgste@nd EPA has conditionally
approved them as alternatives to traditional Methdelsting. Continuous PM monitors
allow for PM measurement throughout the burn cyatber than averaging several runs
in a burn cycle. These methods would allow foruaate, continuous measurements in
both low and high firing modes throughout the enturel charge, resulting in an accurate

% |nformation regarding the ASTM work can be foundh@p://www.astm.org/cqi-
bin/SoftCart.exe/DATABASE.CART/WORKITEMS/WK5982.htm?mystore+klitm0898
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of the issues associated with filter-based testiolyding filter loading, excessive

moisture content and condensable losses.

Both methods measuring most of
condensables (filter Tis ~120t0 180 F)

Figure 5-5. VT Outdoor Wood Furnace Stack SamplingContinuous PM
(Data RAM) vs. Filter PM 21-22 June 2005
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6. OWB CONTROL STRATEGIES

Policy makers often face challenges in determimimgssion control and exposure
reduction requirements with uncertain and ofterfletiimg scientific and toxicological
opinions before them. However, there is mountwigence to support the need for
action to reduce emissions from OWBs in order tantain public health protections.
The options government agencies should considdoardy on existing regulations,
adopt new requirements, or invest in voluntaryiatites. This section outlines these
options and provides an overview of relevant judicillings and enforcement actions.

6.1. Regulatory Action

Regulatory agencies can institute one or moreegjied to address emissions
from OWBs. These strategies include setting ewisstandards for OWBSs, requiring
permits for OWB installation, requiring the remowélinon-certified appliances,
establishing no burn days, instituting and impletimgnnuisance rules and/or opacity
rules, and developing standards for fuels. Thiedohg section provides a brief
overview of the options available to regulatory rages.

6.1.1. Ban/Removal of OWBs

One strategy would ban the sale of all new OWBsestdblish a timeline for
removal of all existing OWBs. This strategy woalddress the installation of new
OWSBs by placing an immediate ban on the sale of @Bs, and would address
existing OWBs by establishing a timeline to remtdvwem. Several states and
municipalities have attempted to put bans intoatfiieit only a few municipalities have
succeeded. In 2004, Connecticut considered legislthat would ban the sale of OWBs
until a federal emission standard had been addpitthis legislation was defeated under
strong lobbying efforts from OWB manufacturers.sifilar strategy would prohibit the
sale of OWBs until clean burning units come tortierket. These strategies are the only
avenue that would immediately address emissioms &ib OWBs.

6.1.2. Emission Standards

Another strategy would create a PM emission limit®@WBs and prohibit the
sale or installation of any unit that did not méet standard. There are three potential
approaches to creating a standard for OWBs:

* asimple mass emission rate limit (grams/hour) ndigas of an OWB’s
rated output or actual thermal output,

* an emission rate limit that is tied to an OWB’srhbutput or actual
average thermal output (grams of PM/Btu/hr or mg'ia&tajoule), or

* alimit on the concentration of the PM in an OWBis stack
(grams/cubic meter or grains/cubic foot of exha@yas).

Although all three of these approaches could redM emissions from OWBs,
only the first approach (grams/hour) specificalligleesses both the regional and local
aspect of OWB smoke. If the goal of a standard art to protect against local (50 to
1000 feet from source) high PM concentrations, thertotal PM emitted from a given
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stack must be controlled without regard to OWB sizle second and third approaches
above would not accomplish this because they adllawit’'s overall emissions to
increase as the unit’s output increases.

Both the second and third approaches address R#&iens from a relative
efficiency perspective (PM emissions per unit lpFatluced). The second approach
creates additional hurdles when developing andemphting a test protocol. First, it
requires a clear definition on how to define Btufteat input, heat output as it leaves
the OWB or heat output as it reaches the area heebted. In addition, it will require
that the testing precisely measure this additifestiure. Another disadvantage to this
method is that measurement would allow for dilutiominimize emissions when OWBs
are tested in a laboratory setting. In additiois thethod does not normalize with
different fuel sources. The third approach, argleading standard, is similar to
measurement based on heat ratings. However, mlgeading standard with a correction
for carbon dioxide would ensure that the measurésrarthe testing are not diluted to
reduce emissions. Furthermore the grain loadingsemrement that mandates a correction
for carbon dioxide levels minimizes variability thmay arise due to inconsistency in the
fuel source.

The state of Washington has adopted a mass emisg®nregulation that requires
all solid fuel burning devices, including OWBs, et an emission limit of 4.5 g/hr PM
for non-catalytic appliances and 2.5 g/hr for gatalappliances. The state of Vermont
has proposed a regulation based on the third apiproBhe proposed Vermont standard
would limit OWB emissions to 0.20 grains per drgrstard cubic foot of exhaust gas
corrected to 12% C£ Calculations based on testing data estimatethlanass
emission limit for smaller OWBs would approxima®-26 g/hr PM, assuming a 50%
duty cycle. Because the Vermont standard is aesaration-based standard, a
residential wood boiler larger than the 250,000/Btused for these tests could have
higher PM emission rates (assuming similar dutyes)c Appendix F includes copies of
the Vermont and Washington regulations.

Establishing an OWB emission standard would redRMeemissions from new
OWSBs and place the burden for reductions on matwfacs rather than homeowners.
This option would allow the sale of clean burning/Bs while prohibiting the sale of
dirty units. This strategy, however, would not e existing installations, but when
combined with another strategy to address exisBiwgBs, it could present the best
option to address OWB emissions.

6.1.3. Fuel Requirements

Another strategy would require that all wood bugndevices burn seasoned
wood and eliminate any state loopholes that wolldavethe burning of trash, yard waste
or other waste materials. Several municipalitre€olorado, California, Washington,
and Canada have this type of regulation. Howehes strategy has several
disadvantages. First, even under ideal conditions)ing seasoned cordwood, OWBs
emit extremely high levels of particulate matted air toxics. Second, enforcement of
this rule would be a challenge. Finally, using @adbat is too dry, such as pallets, may
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also cause excessive smoke and air emissions die tacreased likelihood of explosive
incineration.

6.1.4. Mandatory Removal

Mandatory removal requires removal of any wooching appliance that is not
certified by a certain date and/or rendered perm&naoperable by a certain date. This
strategy would reduce emissions from the oldetiediOWBs and significantly reduce
particulate emissions from these devices. Howatalso would encumber the
homeowner with substantial costs and require ekterenforcement.

6.1.5. No Burn Days

No Burn Days would prohibit the use of any woodrg device during
episodes when the likelihood exists for high PMelesy New Mexico and municipalities
in Alaska, California, Colorado, Oregon, South Dakd&Jtah, and Washington have
instituted a no burn day program. This strateguld@ddress high emission events but
would not address the day to day contribution dliion from OWBs to ambient air
quality. In addition, it does not address the seWecal impacts that may occur. It also
could be difficult to implement and enforce stat@svno burn days.

6.1.6. Nuisance Rules

Nuisance rules would establish new regulations arenaggressively enforce
existing regulations that limit or prohibit actioftem causing or contributing to a
nuisance condition. Many states have such regualgthowever, using these rules to
protect neighboring properties have proven difficl@onnecticut’s rule calls any visible
emission crossing the property line at ground levelisance violation. Once the agency
documents a violation, it issues a notice of viola{NOV) giving the OWB owner thirty
days to remedy the violation. In the past, OWB exgrhave attempted to burn smaller
loads, use dry wood, raise the stack height otithieand install baffles without
resolution of the underlying problem. Connectib&P has issued several NOVs for
nuisance situations where the conditions causiagthsance were not mitigated but
none has resulted in the elimination of the isstifer many attempts to modify fuel use
(using seasoned wood), add-on equipment (catadydiaffles) and limit use,
enforcement programs have indicated that shuttowgndor limiting OWB operation are
the only viable remedies for nuisance and odoreissu

6.1.7. Opacity Rules

Many states, including Massachusetts, have reqemé&restablishing smoke
opacity limits. There is mounting evidence thajgests that OWBs cannot meet current
opacity standard¥. A strategy to ensure that OWB’s comply with opacégulations
could require a permit to install and/or operat€O&kB and require a demonstration that
the unit meets the opacity limit before it can coemee operation. This strategy would
ensure that only clean OWBs are installed, bubtirelen of proof would be placed on
the homeowner rather than the manufacturer. Fumibye, testing could only commence

*" During NESCAUM'’s stack testing, a certified smoke readerrdszbopacity readings. Appendix E
includes a copy of the field report.
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once the OWB owner had already invested in thel@ase and installation of a unit.
Experiences within the NESCAUM states have showhdhce a unit is installed, it is
very difficult for the state to remove the unitpyohibit operation. Therefore, even with
opacity regulations in place, states still facegh linurdle to enforce against OWBs based
on opacity regulations.

The following lists are the opacity regulations floee NESCAUM states:

» Connecticut’s air regulations (RCSA Section 22a-18%limit opacity
(except for periods of startup, shutdown, and nmalfion) to 20% during
any six-minute block average or to 40% during ang-minute block
average.

* Maine’s regulations (ME DEP Chapter 101) limit igi emissions from
any wood-waste or biomass unit to 30% opacity six-aninute block
average basis, except for no more than two six-taiblock averages in a
three-hour period.

* Massachusetts’ regulations [310 CMR 7.06(1)] liopacity to 20% for a
period or aggregate period of time in excess ofviiutes during any
one hour, with a maximum of 40% at any time.

* New Hampshire’s air regulations (Env-A 2002.02)itiaverage opacity
from fuel-burning devices installed after May 1970 to 20% for any
continuous 6-minute period, except for periodstaftap, shutdown,
malfunction, soot blowing, grate cleaning, and cieg of fires.

* New York’s air regulations (NYCRR Section 211.3)uee that no
person shall cause or allow any air contaminateuree to emit any
material having an opacity equal to or greater @@%b (six minute
average) except for one continuous six minute pgoer hour of not more
than 57% opacity.

* Rhode Island DEM'’s Air Pollution Control Regulatidlo. 1 states that no
person shall emit into the atmosphere from anyc®any air contaminant
for a period or periods aggregating more than thrgites in any one
hour which is greater than or equal to 20% opacity.

* Vermont's regulation (Section 5-211) limits opadity20% for an
aggregate period of six minutes during any one oty a maximum of
60% opacity for any two minute average; howeventbemont regulation
exempts any wood-fuel burning equipment with adatetput of less than
40 horsepower (1 boiler hp = 34,500 Btu/hr).

6.1.8. Removal Prior to Sale or Transfer of Property

Another strategy would require a certificationoprio the completion of a sale or
transfer of any real property on or after a certate, that all wood burning appliances
that are not certified would be required to beaegtl, removed or rendered permanently
inoperable. This would require an investment ftbenhomeowner as would the
mandatory removal. This strategy relies on thengjth of the real estate market and the
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thoroughness of the home inspector. Enforcemetiteoprogram could be implemented
via the building inspection process.

6.1.9. Zoning Regulations

Another strategy would establish property line aekts for OWBs to protect
neighboring properties from nuisance smoke andsoddgermont and Connecticut both
have such regulations. Connecticut’s rule requar2e0 foot setback and stack heights
greater than the roofline of the neighboring prépsr This rule was adopted in spring
2005 and therefore there is no experience to esgitha efficacy of this rule. Vermont
adopted a “zoning” type regulation in 1997 thasseinimum setbacks, stack heights,
and requires that purchasers of OWBs be notifiedithe Vermont rule requirements.
Vermont has experienced many problems with this amd has found that it has not
addressed the underlying public health, nuisandeodor conditions created by OWBs.
Setbacks and stack height requirements do not ssltlie overall emissions from OWBs.
In August 2005, Vermont proposed a new regulatat would establish an OWB
emission standard.

6.2. Voluntary Programs

Voluntary programs rely on the consumer to purcltéeaner burning units or the
manufacturer to make cleaner units. The sectitmbeverviews two voluntary
strategies.

6.2.1. Change-out Programs

This strategy eliminates the use of old, dirtyriig appliances by providing
incentives for the public to purchase new, cleamimg equipment. This strategy
addresses PM emissions generated by wood burning applianceslméhates older,
dirtier OWBs. Since the program is voluntary inuma, the program needs significant
participation and a large amount of resources teuoeessful. It is likely that a change-
out program will have a better chance of successsfsupported by a rule prohibiting
the installation of wood-burning appliances thahdb meet specified standards for low
emissions.

6.2.2. Voluntary Industry Actions

Another strategy would rely on manufacturers tamgrily commit to
developing cleaner OWBs. In 2001, New York heldeeting where manufacturers
stated that they had plans to redesign their OWWBanufacturers once again made this
claim to the Connecticut legislature during thegulatory process in June 2004. In June
2005, EPA unsuccessfully asked for a meeting witmufiacturers. To date none of these
efforts have led to cleaner burning OWBs. Apperfdincludes a copy of EPA’s request
and a response from one of the largest OWB manufast

6.3. Court Actions

NESCAUM has identified six lawsuits in the Northeasating to OWBSs. In
every case, the end result has been the remowval pfphibition to operate, the offending
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OWBSs. In many cases, this has been the only optioneighboring properties to find
adequate resolution to the nuisances created by ©WB

In Connecticut, five civil suits have been broughtier Connecticut’'s General
Nuisance Laws. In every case, the outcome hasibdgba complainant’s favor. In at
least three of the Connecticut cases, the OWB naaturer provided an attorney at no
cost to the OWB owner. In only one case did théBJowner go to trial; the other cases
were settled out of court, and required confiddityiaf the settlement. In all cases the
OWB was either removed or prohibited from operasindgong as the complainant
resides in the neighborhood.

In Stamford, Vermont, a landscape company thatiingdoperly installed an
OWSB filed suit against the distributor and manutiaet (Central Boiler) of the OWB. In
this case, the owner placed the unit within 200 éé@ neighboring residence, in
violation of the Vermont OWB regulation. The OWRmer claimed that he had not
informed about the notification and setback requests. The unit was eventually
removed, and the details are not available sineedlse was settled out of court.

In Grafton, Massachusetts, a resident made numemuplaints to the
Massachusetts DEP about his neighbor's OWB. Thakserfrom the OWB was coming
directly into the complainant’s house causing hinmave chronic bronchitis for the first
time in his life. The Town of Grafton Board of Himsissued a cease and desist order
until the unit had been inspected and had the progenits issued. The complainant
ultimately took his neighbor to Housing Court andnw The owner of the OWB is no
longer allowed to use it in the summer, had togase the stack height, adjust the air
flow, and change burning practices.

While individuals have been successful in bringimgse suits under nuisance
laws, it seems unreasonable to expect that alttaifieindividuals have the financial
resources and other wherewithal to pursue sucbrector the vast majority of potential
OWSB nuisances. In addition, public health harm aase from the collective impact of
emissions from many OWBs even if no individual O\&d by identified as causing
unique harm to a specific person, as may be reduineler nuisance law. Therefore, it
may not be an option available to all members efgiblic nor broadly covering OWBs.

6.4. Enforcement Actions

Several states have issued Notices of Violatior@3\(5) for OWBs, however,
enforcement actions against residential OWBs terzktresource intensive and difficult
to resolve. The following provides an overviewtlod available data.

6.4.1. Connecticut

Connecticut has issued approximately fiteen NQ\s)e of these have resulted
in assessed penalties, OWBs removed, or conseatsor®WBs complaints continue to
increase. Implementation of Connecticut’s new rabpuiring setback distances and
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stack heights has not eliminated complaints buti@gased enforcement efforts and
resources to address improperly installed units.

6.4.2. Massachusetts
The following provides an overview of fourteen aos taken by Massachusetts against

OWBs.

A residential property owner installed an OWB ie 8pring of 2005 for heat
and hot water. The smoke from the unit impactedarest residential
neighbor. The neighbor complained of smoke irdiltrg the house and
resulting health issues. The complainant alsgedehat the smoke in their
yard was so thick that it is like fog and everefillup the garage and car. The
Board of Health told the owner of the OWB to sihé unit down for the
summer. Before the unit can be restarted, the omst change the air
mixture, increase the stack height, and change/tisl burning practices. If
these measures do not improve the excessive sitiakenit will have to be
closed down.

Massachusetts DEP staff observed large amountaaiesfrom the highway
in Auburn, MA. They traced the smoke to an OWBragtiag at Brady
Sunroom. The facility was burning glued board#im unit for heat recovery.
The facility entered into a consent order with pgnand removed the unit.

A company in Auburn, MA uses an OWB to heat thaaility. When the unit
was first put in operation, the fire departmentreed many complaints about
the unit. A trailer home park is located diredishind the company. The
Massachusetts DEP staff have driven by this companyumerous occasions
to try to verify excess smoke from this unit. Time department has agreed to
call the DEP this upcoming heating season if theisrstill causing a

problem.

Massachusetts DEP received anonymous complaintg abwke and odors
from an OWB. A daytime drive by on a cold day skdvan OWB operating
on a small farm but no opacity was observed. TileeBepartment worries
that the unit is burning large amounts of cardbodrde Fire Department will
continue to monitor the OWB and wait for furthengadaints.

A residential property owner installed an OWB apjrately six years ago
and the neighbor has been having problems with srfrokn that unit since
the date of installation. The unit releases atgteal of smoke that goes all
over the property and into their home. The homesrwhave expressed
concern about the health effects, difficulty indifeng by the neighbor, the
inability of their daughter to visit them due tetbimoke, and their inability to
use their yard. The homeowner worked with the BadrHealth to try to
resolve the situation but was informed that he waded to hire an attorney.
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* A residential property owner installed an OWB tatineir home, pool and
Jacuzzi. The large amounts of smoke from thewere impacting the
nearest neighbor who has two daughters with asthirha.smoke from the
OWB was coming directly into their home and yarégédly causing the
children to have increased asthma attacks. ThedBwaHealth required the
owner of the OWB to cease using the unit duringstin@mer.

» Aresidential property owner installed an OWB tatineir home and provide
hot water. Residents several miles downwind wetgrgy smoke coming into
their homes in the middle of the night, thus wakingm up and giving them
headaches. The neighbors traced the source ofesamakodor to the OWB.
The Board of Health and the Groton Fire Departnergstigated the matter
and have met with the owner of the OWB severalgitng no formal action
to date has been taken.

* In summer of 2003, a resident began complainingiekmoke from an OWB
unit. A member of the town Board of Selectman wahe process of
building a new home adjacent to the resident’s é@ml installed an OWB.
The resident claimed that the owner of the OWB a&las using the unit as an
incinerator to burn construction debris. The restccomplained about the
large amounts of smoke coming from the OWB, théilitg to use his
lakeside property, and the inability to feed thenewous song birds that no
longer come to his house. The resident was 84yadr and reported that he
had severe health issues. The resident has mangspbf the OWB smoking.
Visits by the Massachusetts DEP confirmed the miesef the OWB but did
not observe it operating. The Board of Health ttaklead in the matter.

* One municipality received numerous residential damps about an OWB
located at a manufacturing facility. The facilgyrchased the OWB to burn
pallets in order to reduce disposal costs and geoliuilding heat. The Board
of Health and fire department made many visithefacility and witnessed
excessive smoke from the OWB. The town eventualljpested that the
Massachusetts DEP provide some assistance inrghdttiwvn the unit. The
DEP conducted an unannounced inspection and fdwndrtit to be operating
with excessive smoke while burning pallets. luessa notice of
noncompliance to the company, which removed the uni

* In another municipality, residents contacted thesddahusetts DEP and the
town’s Board of Health regarding smoke complaintsrf their neighbor’s
residential OWB. The unit was located in a higtalrdistrict and operated
without any town permit. The unit smoked so muwdt it obscured visibility
several times on Main Street. The local paper elmumented and
published one of these instances. The complaimanté has had numerous
respiratory problems due to the operation of theBDWhe town’s historical
commission had the owner remove the unit. It rsenily in the owner’s
backyard and not hooked up. The town’s Board dlthecontacted the
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Massachusetts DEP about guidance on regulatioestact the location and
operation of OWBs. The town has held two of thyablic meetings on a
proposed regulation.

* Aresidential property owner installed an OWB tatie home and provide
hot water. Five neighbors have complained to thar8 of Health and fire
department that the smell from the OWB forces thekeep their windows
shut at all times. Even so, the odor still seemrseep through into their
homes. The owner of the OWB was burning green ipitiee unit. The
Board of Health and fire department worked with ¢laaner to improve the
smoke from this unit. Massachusetts DEP workedt thi¢ town in an
advisory capacity.

* While visiting a facility, a Massachusetts DEP esjor observed large
amounts of smoke coming out of an OWB locatedlahd clearing company.
The company burns waste wood to heat their buildidgthe time of the
inspection, a 2.5 diameter by 3 foot long unsplif Was being burned in the
unit. The Department issued a Notice of Non-Conmaia(NON) requiring
the source to stop the excessive smoke. The congmaid not meet the
requirements in the NON and agreed to cease ube ainit.

» Aresidential property owner installed an OWB tatleis home and provide
hot water. The smoke from the unit impacted sdwdriais neighbors. The
neighbors called the Board of Health and MassadtsuB&P to complain
about how the smoke was harming them (i.e., coatdise yards, had to keep
windows closed on beautiful days, etc.). The Badrdealth required the
owner of the OWB to cease using it for the summer.

6.4.3. Vermont

Vermont has taken action against one unit notedlto their zoning regulation in
Brandon, VT. In this instance, the Vermont Departibof Environmental Conservation
(VT DEC) determined that a nuisance condition exisind required the owner to not to
operate the OWB during the summer months and rease the OWB stack height.

Vermont has taken enforcement actions againsedeahd owners who have
violated their setback and notification regulatiorhese actions have led to the shutdown
or removal of six OWBSs. In other instances, ituiegd the unit owner to raise the stack
height of the OWB. Currently, Vermont has four gieig OWB violations.
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7. CONCLUSIONS/RECOMMENDATIONS

There is mounting evidence that supports the needdtion to reduce emissions from
OWBs. Based upon the data, NESCAUM has reachefbliba/ing conclusions:

» Sales of OWBs continue to increase by 25-50 perentally.
NESCAUM estimates that there are over 155,000 OvW&a®nally.
Recent manufacturer statements indicate that sa305 increased by
200 to 350 percent. If sales trends continue gtieethe possibility that
there will be almost 5,000 OWBSs in Massachusetts59,000 OWBs
nationally by 2010.

» State experience suggests that manufacturers hkelurio voluntarily
improve OWB performance.

» EPA s unlikely to develop a federal standard avehdf it were to act
immediately, it would take a minimum of five to &svyears to enact a
standard.

» EPA'’s focus on wood stove change-outs could reswh increase in
installation rates for OWBs.

» Without aggressive public policy to limit fine p&te and air toxic
emissions from OWB sources, the number of potdpteadposed at-risk
individuals will continue to grow.

* Emissions from OWBs are 22 to 40 times greater ERA certified
indoor wood stoves.

* Near-source ambient monitoring indicates that OWissions have the
potential to create significant public health canse

» Existing state regulations are inadequate to addp®¥Bs and state
environmental agencies lack the tools to effecyiwiforce against
residential OWBs. Currently, the only viable roirtesome states to
address OWB complaints is via state opacity requargs that are
resource intensive to investigate and civil legdiam, but this may not be
equitable or broadly applicable.

» Complaints and enforcement actions against OWBSragnto increase,
draining both state and local agency resources.

Based on these conclusions, NESCAUM recommendf®liogving:

* Given that federal action is unlikely to take effecthe near term, states
should move quickly to address OWB emissions.

» States should adopt regulations that establishseonisimits for OWBs,
similar to those of other residential woodburnimits; because this is the
best strategy for addressing the elevated emissioinse particles (and
the cancer-causing substances associated witlelpajtirom OWBs.
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» Because OWBs are most often used in residenti@ggstand vary greatly
in size, states should base an emission standaacdjoaims per hour basis
to adequately protect public health.

» Additional studies should be conducted to assepacts and determine
acceptable exposure levels.

» EPA should support additional testing to gain d@dveinderstanding of the
overall emissions profile of OWBSs, specifically peulate matter and
toxics.

* EPA should develop tools to assist states in adomg€OWBs. Tools
could include model regulations, outreach matertalB credit and
research data.



