Assessment of
Outdoor Wood-fired Boilers

Prepared
by
NESCAUM
(Northeast States for Coordinated Air Use Managemei

March 2006
(revised June 2006)



Members of NESCAUM

Arthur Marin, Executive Director
NESCAUM

Anne Gobin, Bureau Chief
Connecticut Department of Environmental ProtectBureau of Air Management

James P. Brooks, Bureau Director
Maine Department of Environmental Protection, BureBAir Quality

Barbara Kwetz, Director
Massachusetts Department of Environmental ProtecdBareau of Waste Prevention

Robert Scott, Director
New Hampshire Department of Environmental ServigéésResources Division

William O’Sullivan, Director
New Jersey Department of Environmental Protectiffice of Air Quality Management

David Shaw, Director
New York Department of Environmental Conservatibivision of Air Resources

Stephen Majkut, Chief
Rhode Island Department of Environmental Managen@fiice of Air Resources

Richard A. Valentinetti, Director
Vermont Department of Environmental Conservatiom,Pollution Control Division



Assessment of
Outdoor Wood-fired Boilers

Prepared

by
NESCAUM
(Northeast States for Coordinated Air Use Managa)men

March 2006

(revised June 2006)



Assessment of
Outdoor Wood-fired Boilers

Project Manager

Lisa Rector, NESCAUM

Principal Contributors

George Allen, NESCAUM
Philip Johnson, NESCAUM
Lisa Rector, NESCAUM

Editor

Paul Miller, NESCAUM



Acknowledgments

NESCAUM gratefully acknowledges the funding provddsy the Massachusetts
Executive Office of Environmental Affairs and NESGOM member states’ dues to
complete this report. This report was developedthff at NESCAUM with assistance
from Air Quality Technical Services, Essex, Vermont

NESCAUM also thanks the following individuals fasrdributing to this effort:

Peter Babich, Connecticut Department of Environm@igtotection
Patrick Bowe, Connecticut Department of EnvironraéRrotection
David Cash, Massachusetts Executive Office of Emwirental Affairs
Marc Cohen, Massachusetts Department of Enviroreh®&nbtection
James Doucette, Massachusetts Department of Envénatal Protection
Phil Etter, Vermont Department of Environmental €ervation

Jack Glenn, New Hampshire Department of Environaleé®ervices
Chris Jones, Vermont Department of Environmentaigeovation
Glenn Keith, Massachusetts Department of Environtedétrotection
Barbara Kwetz, Massachusetts Department of Enviesrtah Protection
Dave Manning, Vermont Department of Environmentahg&ervation
Donald Squires, Massachusetts Department of Envieoial Protection

Printed: March 2006
Revised: May 2006
Revised: June 2006



TABLE OF CONTENTS

ACKNOWIEAGMENTS. ...t e e e e e e e e et e et bbb s e e e eas v
EXECULIVE SUMIMAIY ...ttt s e e e e e e e e e e e e e e e eaa e s e nnnnnsnnnn e e e as Vil
EXECULIVE SUMIMAAIY ...ttt e e e e e e e et e et s e as Vil
O [ o1 oo 18 ox 1 o] o HO PP PPPPPTUPPPTPPR 1-1
1.1. OWB DESCIPLION. ..ccetiieiiiitiiiiiees e e ettt e e e e e e e e e e e aaeeeeaaaeeeees 1-1
1.2, REPOI OVEIVIEW....iiii i e e e eeeeeeeeeeeeeeeeee et s s e e e e e e e e e e e e e e e eeeseassee s s 1-2
2. 1SSUES UNIQUE 10 OWBS .....uuiiiiii et e e e ee et e eenaneeeennnnes 2-1
2200 S | 11 0 = o | o 2-1
2.1.1. ComMBUSHON CYCI.....eeiiiiiiiiiie e 2-1
P S - Tod Qo [ o | o | P 2-1
2.1.3.  ComMbBUSLION DESIGN......cceiiiiiiiiietimmmms s e e e e e e e e e e e e eeeeeeeeeneeesnn e 2-1
N S o3 = o o Y 2-2
2.2, USE PALLBINS ...ttt eeeee e e ettt e e e e et ae e e e e e e e enaa e e 2-2
A T 1 I 11 - 1 R 2-2
2.4. Application of Current Regulations to ADdré€Ba/Bs.............covvvvvvivvivrnnnininnnn. 2-3
2.4.1. Federal Regulation................... e eeeeeeeennnniiiinnaseeeeeeeeaeeesseeeeeeeens 2-3
2.4.2. State ReguIAtioNS ........coooiiiiiiiicceeee e 2-3
3. Overview of OWB INAUSEIY .....ccooeeieiieeeeeeee e e eeeee e 3-1
3.1. OWB Costs and DiStribULiON ..........coooeeeemmiiiii e 3-1
3.2, SaAleS TreNd ANAIYSIS......uuuuiiee s s e e e e e e e e e e e e eeeeeeeaeetaa e srneeenaaeeeeeas 3-2
4. Public Health CONCEIMNS.........ooi it e e et eereeeeeeeeeeanees 4-1
4.1. Wo0od SMOKE COMPOSITION ....uuvuuunn s s s e e e e e eeeeaeeaeeeessssnnsnnnnnnnnannes 4-1
4.2. Particulate Matter Health Effects and Popaletiat RisK...........ccccceeeiiiiinnn. 4-1

4.3. Unique Factors Relating to OWB Emissions aoigftial Public Health Threats4-4

4.4, CaUSE fOr CONCEOIMN....cii ittt e e e e e e e e e e eeeeeneeeeeenanes 4-5
5. EMISSIONS INTOIMALION ........coeviiiiiiiiimmmmmm e e e e e et e e e e e e e aaaeeeeeeeeeees 5-1
5.1, Previous TeSt Data@l.........ccoiiiuiiiicrrreeeieeeee e e e e e e st ee e e e e e nnnnens 5-1
5.2. Near-Source Ambient Emission Field Monitoring..............ooooeeeiiivvnnnnnnnne. 5-4
5.3. Results of NESCAUM OWB “In Use” Stack TeSlaw..cceeeeriiiiiiiiiiiiiiiiieeeee, 5-6
5.3.1. Testing Methods...........cuuuiiiiiiiieeeeeeii e 5-6
5.3.2. ReSUItS and DISCUSSION ......ccuiiiiiieeeeeeieeeeieee e e e e e eeeeens 5-7
5.4, ASTM TSt ProtOCOI.....cccciiiiiiiiieees oottt e e e e e e e e e e naeeeeeaes 5-18
5.5. Conclusions on EMISSIONS TESHING ......ccvummemeeeiiiiiiieeeice e 5-18
6. OWB CONtrol STrat@gieS ......cceeeeeiiiiiiieie ettt 6-1
6.1. ReguIAtory ACHION.........oooiiiiiiiiiitcemmmme e e e e e ee e e e e e e e e e e 6-1
6.1.1. Ban/Removal Of OWBS ..........cooiiiiiieiieieeieeeeiitiissss s e e e e e e eeeeeenees 6-1
6.1.2. EMISSION StandardS..........ccuvuiiimmmeeeeniiieesiiiiiiiiiirieeeeee e 6-1
6.1.3. Fuel ReqUIrEMENTS ........coiit e 6-2
6.1.4. Mandatory REMOVAL..............uuuiiirieeeeeeeiee e eeees 6-3
6.1.5. NOBUIM DAYS ..o e 6-3
6.1.6. NUISANCE RUIES......uuiiiiiiiiiiiiiit e e e 6-3
6.1.7. OpaCity RUIES........ccoiieee e 6-3
6.1.8. Removal Prior to Sale or Transfer of Propert...............cccooeviiiiiiiiiinnnns 6-4
6.1.9. Zoning RegUIALIONS ...t 6-5



6.2. VOIUNTArY PrOgramsS ........uuuueeiiiiaeieee ettt e e e e e e e e e e 6-5

6.2.1. Change-0Uut Programs................s e e e eeeevsnnnnnnnasseeeeaeeessessseseeeenns 6-5
6.2.2.  Voluntary INdUStry ACHIONS.........coiiiiiiiiiiiiiiiiee e eaeeas 6-5

G T O o 10 [ Yo 1 6-5
6.4. ENfOrcement ACHIONS .....ouiiiiiii e era e ee e e 6-6
S 0 I 0 [ T=Tox {11 | SRR 6-6

(SR S F= Y= Tod o [U LY=o 6-6

(O T T V4= ¢ 1 010 | PP 6-9

7. ConclusionsS/RecoOMMENAtiONS.............coummmereeernieiieeiiee e eere e eeennaaes 7-1

Appendix A: Outdoor Wood-fired Boiler Correspondenc
Appendix B: Outdoor Wood-fired Boiler Manufacturers
Appendix C: Estimated National Sales of OWBs
Appendix D: Michigan DEQ Modeling

Appendix E: Field Report on Moisture Readings ampa€ity
Appendix F: Outdoor Wood-fired Boiler Regulations

FIGURES
Figure 1-1. Schematic of an OWB Installation..............cccooooeeiiiiiiiiiiiiiiiiies 1-2
Figure 3-1. States representing 95% of the OWB®.S0l............cccceeiiiiiiiieeeeeennene, 3:2
Figure 5-1. PM Emission CompariSoN (G/Nr) ... eeeeeeereemmiiiiinaaeeeeeeeeeeeeeeeeiieeees 5-3
Figure 5-2. Field measurements of PMiear outdoor wood boiler........................ 5-5
Figure 5-3. Field measurements of PM2.5 near autd@od boiler................c.......... 5-6
Figure 5-4a-e. VT Outdoor Wood Furnace Stack SBrgpl............cccceeeeiiiiiiieeeeennnnn. 5-13
Figure 5-5. VT Outdoor Wood Furnace Stack Samplogtinuous PM.................... 5-19

TABLES
Table 3-1. Estimated Sales of OWBS SINCe 1990..........uuuuiiiiiiiieieeeeiriieiieeeiiiiiinns 3-3
Table 5-1. Unevaluated OWB EMISSIONS DALA. . e eeeerrriiiiiiiiiiiiiiiiiieeinieeeeeennnn D=2
Table 5-2. Filter Measurements Idle Burn MOde.............ccoooeviiiiiiiiiiiiiiiiiinnne 5-10
Table 5-3. Filter Measurement Full BUrN MOO€....ccccoooivieiiiiiiiiiiiiiiiieeeeeee 5-11
Table 5-4. Comparison of Filter Data and DataRam................ccccccevvvvvvveninnnnnn... 218

Vi



Executive Summary

This report was undertaken by NESCAUM (Northeaatest for Coordinated Air
Use Management) to provide policymakers with aessment 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@he increased use of OWBs in
populated areas represents a potential publicthpedblem in the Northeast because of
the severity of health effects associated withdexsiial wood smoke inhalation.

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

Findings from this study show that:

OWRBS, generally, do not use catalytic or non-cai@kgmission control
devices that other residential, wood-fired comlmrstievices, such as
indoor wood stoves, commonly employ.

«  OWRB use has become more prevalent, commonly reygacdoor wood
stoves, and continued increases in sales are likely

* OWBs emit significantly more particulate matterritaher residential
wood burning devices and short term particulate¢enapikes can be
extremely high.

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

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

« Current regulations do not provide surrounding sikeih adequate
protection from the use of OWBs in residential aggilons.

* 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 thenesamonths 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 tharfel from the ground,
resulting in poor dispersion of smoke and are nikety 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 klésscovered 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 imihe 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 avenagese 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, natusal fgrnaces, and residential wood stoves.
Furthermore, NESCAUM believes that given the heafibacts 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@ified wood stoves, 205 oll
furnaces, or as many as 8,000 natural gas furnac@put 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 stihallest 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 @& fiarticulate matter nationwide in
2005. Considering sales trends, NESCAUM estimiiatsthere could be 500,000
OWRBs in place nationwide by 2010. Based on th@atase, 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. Because OWBs are used primarily in regidkeapplications, 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@ Iyicrograms 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 Pk 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@oBmental Agency (EPA)
develop federal regulations for OWBs but EPA hadgeact. Critical to the
development of a federal emissions standard isd¢led to develop a technology forcing
standard that would require manufacturers to empiogd combustion controls
commonly employed by other residential and indaktmood-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 be#euhat states should take action
immediately to control OWB emissions by establighiechnology-forcing standards that
will lead manufacturers to develop cleaner burr@\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 heatind. Wood-fired devices
include masonry heaters, indoor wood stoves, indaad furnaces, pellet stoves and
outdoor wood-fired boilers. The recent increasthe use of outdoor wood-fired boilers
(OWBSs) are of particular concern to state environtalkagencies because the cumulative
stack emissions from these appliances are higherdther wood burning appliances
and, unlike other wood burning devices, currenty/anregulated. 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 spsatinl, year-round heating of hot
water, and heating of swimming pools, Jacuzzis,fatdubs. 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. Manuéastdesign OWBs to burn large
amounts of wood over long periods of tiM@®WBs vary in size ranging from 115,000
Btu/hr up to 3.2 million Btu/hr, although resideitDWBs tend to be less than 1 million
Btu/hr. According to sales data, the size of tlesincommonly sold unit is 500,000
Btu/hr. OWBSs heat buildings ranging in size frof80D square feet to 20,000 square
feet. Typically, the dimensions of an OWB are ¢hie 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 extremefyelboads. 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 U@0°F. The OWB cycles water
through the jacket to deliver hot water to the diad. Water pipes run underground 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 thewntil 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.0aqg.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 OWBs for operation with diéeel, 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 theytivaeven 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, Mainaiment of Environmental Protection,
and Massachusetts Department of Environmental Protection.

® Staff from a variety of environmental agencies have spokémdistributors 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 optzonts voiced to Northeast state
air quality enforcement programs relate to excessimoke and nuisance conditions.
These conditions arise due to the unique desigropathting features of OWBs.

2.1. Unit Design

The smoke from OWBs appears to be greater tham wibed burning appliances
for several reasons. Primarily, it is becausédiefliasic design of OWBs. Even when
operated properly with seasoned wood, OWBs typiagherate 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 problemadtdition, OWBs emit more
pronounced smoke than wood stoves due to the stamk height, which does not
disperse smoke above living spaces in neighborimges. 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 smekka 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 creo8@it condenses on the internal steel
surfaces. When heat needs to be produced, thamiper 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 slsback height of OWBSs.
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 levelkend@ecause OWBSs rarely provide
stovepipe fans to increase the upward velocithefdmoke, there is only limited vertical
dispersion of OWB emissions. Certain weather diovh 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 controls, iscbatalytic devices and
secondary combustion. Incorporating these featoakl significantly reduce particulate
emissions. Almost all indoor wood stoves sold yodse catalytic or secondary
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combustion to reduce emissions. NESCAUM’s reviéW®W/B manufacturers’ data

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

2.1.4.Efficiency

Review of available data indicates that the opegagifficiencies of OWBs are
extremely low, often half the efficiency of othesidential wood burning devices such as
wood stoves. Several manufacturers have made sthian their 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 56qyef 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
wood stove efficiencies finds that their efficieesrange from 60 to 80 percent efficiént.
Low efficiencies translate into increased amounisapd burned to generate heat, which
in turn increases emissions.

2.2. Use Patterns

Unlike indoor wood stoves and fireplaces, manufactudesign OWBs for use
year round. OWBs not only heat space but provateastic hot water and heat
swimming pools and spas. In the summer monthssriieke may seem more apparent
because the smoke may be less likely to disperdeedswer flue velocities from the
stack may keep the smoke closer to the ground. OESB/ 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 instavehers that they can completely fill
the OWB firebox and leave it burning for as long@&shours. However, completely
filling the combustion chamber creates a smoldefiregthat burns inefficiently,
especially when warm weather or a depressed théatthsring mid-day or nighttime
hours reduces demand for heat. The lack of terfdinipng periods of time compounds
the problem, leading to inefficient burning conalits over extended periods. In contrast,
owners of conventional indoor wood stoves tend th&me often to optimize
combustion.

2.3. Fuel Quality

While most manufacturers provide OWB owners withth®irn practices and
instruct users that they should only burn dry seedavood, the design of the OWBs
encourages burning of inappropriate materialsteStgencies have documented the
burning of wet, large, unsplit wood, wood wastegyaaste, refuse, tires and railroad

® 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

” http://www.epa.gov/woodstoves/efficiently.html
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ties. In fact some manufacturer’'s websites steeability to burn green or scrap wood
as one of the benefits of OWBs. For example, #@fle Western website states that
their unit, “easily burns junk wood including pa#ie®

2.4. Application of Current Regulations to Address OWBs

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

2.4.1.Federal Regulation

While EPA requires indoor wood stoves, pellet s§pwead 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 appliandestd are no federal standards for OWBs.
To date EPA has received several requests from atgncies to develop federal
standards. EPA has yet to act on these requasis dume 2005 letter sent by EPA to
OWB manufacturers, and an EPA statement providéldet@lean Air Act Advisory
Committee (CAAAC) on August 11, 2005, indicates thiay 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 federadiaten

2.4.2.State Regulations

In the absence of federal standards, the statesdttampted to use several
avenues to address OWB problems. Two states aedasenunicipalities have
attempted to address OWBs by adopting regulatiomsnig emissions or banning the
sale of OWBs. Regulations in the state of Waskimdjimit emissions from all solid fuel
burning devices rated less than one million Btuales data obtained from
manufacturers show that only a small number of O\W8s 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 OWBs (see
Appendix A). In 1997, Vermont adopted regulatidmsttrequire setback and stack height
standards for OWBs. This regulation has not elated the OWB problem; and in fact
the VT DEC continues to receive complaints.

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 operatinglitions. In fact, several states have
attempted to work with homeowners to find methadsgerate OWBs within state
opacity limits but none to date have been abletoply. Given this scenario, the only
solution is removal, which comes at great cosh&htomeowner because it requires

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 enforcemeneagjes to enforce against residential
OWBSs. Most state enforcement methods aim towaitigating conditions at industrial
facilities, leaving the states reticent and ill-gxped 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&éates 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 béig® Canada. These companies
range in size from one to over 140 employees. Sufrtteese manufacturers participate
in the Hearth, Patio and Barbecue Association (HRBAich is an industry trade
association that represents wood stove, pelleesiod fireplace manufacturers as well.

The Northeast states have focused attention on ©$Wige the late 1990's.
Several states have attempted to work with manurfaxst to address complaints and
nuisance issues with little success. The New WBidte Department of Environmental
Conservation held a meeting with manufacturerid32o gain a better understanding of
the industry and to determine the direction of nfactwurers. 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
OWBSs emit significant amounts of pollution. Tesbiny 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 wood stoves.

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#g. The OWB itself costs
approximately $5,000, excluding installation. &ittion usually includes laying a
concrete foundation, putting in a power sourcealfing underground piping from the
unit to the house, and other additional piping.

Commonly, manufacturers sell OWBs directly or tiglwa 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 tiAtVBs 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 greeslkeoemissions

* 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 proposepiliations.
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, NBE®&M found limited or no
documentation to support manufacturers’ claims.nidacturers often claim that their
OWBSs have relatively high efficiency ratings. Somenufacturers have made claims
that their units are up to 95 percent efficienowever, 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 begats® substantially after 1999. Using
sales data gathered by the New York Attorney Gé'setdfice via subpoena of 21
manufacturers and by EPA from nine manufactureasavClean Air Act Section 114
request, NESCAUM estimates that over 155,000 OWB= lbeen sold nationwide since
1990 (see Table 3-1). Appendix C contains estimmatesales by state. Of the estimated
155,000 OWBs sold nationwide, 95% have been sofineteen states, as illustrated in
Figure 3-1. These states include Connecticutalmalilllinois, lowa, Kentucky, Maine,
Massachusetts, Michigan, Minnesota, Missouri, Neamidshire, New York, North
Carolina, Ohio, Pennsylvania, Vermont, Virginia, 3W¥irginia, and Wisconsin.

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

National sales have been growing in the past feery at rates of 30 to 128
percent. In October 2005, one manufacturer, CeRbider, stated that its production

2 Schreiber, Judith et amoke 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

13 http://www.usatoday.com/news/nation/2005-11-13-woodingrpollution_x.htm
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was “double what it's ever been befofé.In December 2004, the same manufacturer
stated its peak production at that time was 20Guweek, and it had the room to make
1,000 a week, which would mean a capacity to predwer 50,000 annually. The
number of OWBSs sold in 2003 and 2004 equals thebeur®WBs sold in the previous
fourteen years. Given the continued rise in tret obnatural gas and petroleum fuels, it
is likely that an increasing sales trend will cang. EPA has estimated that it would
take a minimum of five years for rules to be puplace, at which time over 500,000
OWABSs could be in place.

New construction uses OWBs as primary furnaceSCAMiBs are also replacing
conventional indoor wood stoves and oil or gasdfitenaces. To promote the use of
EPA certified wood stoves through the Wood Stovar@e Out Campaign, EPA is
educating the public about the dangers of usingoldcertified wood stoves. Many
homeowners, however, may be choosing to install G\WiBtead of certified indoor
wood stoves. One manufacturer, Central Boilenreged that about 50% of the OWBs
sold replace indoor wood stovEs Therefore, while EPA’s change out effort is
important, it may be resulting in increased instédin of OWBs due to the absence of
education about OWBs relative to certified woodreg This will lead to greater wood
smoke pollution if consumers erroneously believe B¥Vdre a cleaner 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 Rutledge, R. Milwaukee Journal Sentirlrning to Save a Buck, Oct. 7, 2005
http://www.jsonline.com/news/gen/oct05/361678.asp
iz Bakken, R. Grand Forks HeraBysiness Heats Up, December 6, 2004

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 thogiethealth of persons living
in proximity to OWB devices. Scientific studiesvieaound associations between the
inhalation of wood smoke or wood smoke constituant$ 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 €madk 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 lealogffects, as well as deleterious
physiologic responses in exposed humans. The albgedf 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 andisolkides, volatile organic
compounds (VOCs), PAHs, and chlorinated dioxinarb@n monoxide can cause
respiratory and cardiac distress because it compath oxygen on the hemoglobin
molecule, forming carboxyhemoglobin. Studies hassociated exposure to nitrogen
oxides with toxicological effects including pulmaegadema, bronchoconstriction, and
increased infection rates. Studies have also ededcV/OCs, such as aldehydes, with
upper airway irritation, headaches, and other newsiologic dysfunctions, and possibly
cancer. Studies have shown that polycyclic aramratdrocarbons, such as
benzo(a)pyrene, are carcinogenic in animals andaaage cancer in humans.
Toxicologic evidence also suggests that certairidioongeners commonly found in
wood smoke are human carcinogéhs.

4.2. Particulate Matter Health Effects and Populations & Risk

The severity and variety of adverse health effatitdfuted to exposure to fine
particulate matter suggests that the aerosol coemiaf wood smoke plays a large role
in the observed health effects associated with vemmdbustion. Because of its physical
structure, PMs can bypass conductive airways and deliver exogemnaterials 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. Potentialrae\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 998p. 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 asthrdaatopy'> A review of adverse

health effects of short-term exposure to partieutaatter in study areas where residential
wood combustion was considered a major source bfeathPM found higher health risk
associatzi(())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, includithgdren, asthmatics, persons with
preexisting respiratory disease or cardiac problehder adults, and healthy adults who
work or exercise outdoof$. 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 humamluncreases 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 badyght 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 exagtl 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 Wigposure 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 incretais& of myocardial infarction and
decreases in heart rate variability, which may dsoeiated with PM exposures with

¥ Pope CA, Burnett RT, Thurston GD, Thun MJ, Calle EEeviski 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. IEBA, Office of Air Quality Planning
and Standards: Research Triangle Park, NC, 2005.

Peters JM, Avol E, Berhane K, Gauderman WJ, GidilenJerrett 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 NatiorseAnAir 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—Respadbseves 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., onevieraehoursf* 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 alet persons.

While the above evidence regarding the severityeaiith effects and magnitude
of populations affected by PM has led health s@é&nto conclude that exposure to wood
smoke should be avoidédresidential wood combustion (RWC) remains onénef t
largest sources of PAemissions to the atmosphere in North Ameffc&tudies in
urban and rural areas have found that wintertimilemtial wood smoke contributes
significantly to ambient concentrations of Pdks 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 hanisef® 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

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

% pierson WE, Koenig JQ, Bardana Jr EJ. Potential agleralth effects of wood smoRafest J Med
1989; 151:1-6.

Koenig JQ, Larson TV, Hanley QS, Rebolledo V, DarK, 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 amdawacer 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 Quali§p2 — Phase |: Methods for Estimating and
Applying Relationships between Air Pollution and Healtfeé&s. Final Report. British Columbia Lung
Association. May 2003.

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

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

Polissar AV, Hopke PK, Poirot RL. Atmospheric aatmver 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.

29 Boman BC, Forsberg AB, Jarvholm BG. Adverse healtioggffrom 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. Relativergmuion 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.
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smoke indoors—where individuals typically spendtiegority of their time—can occur
across large residential areas.

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

Outdoor wood boilers are a unique emission souitteaperational 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@nden-starved conditions to
prolong the fuel source. In general, Pvhass 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 PAH:

Unlike EPA-certified residential wood stoves, tlesigin 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 organicnapounds.

Second, in addition to poor combustion properties relatively short stack
height of OWBSs 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 lstadbat 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 theammes 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 illus&dhe 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 fapger, 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 amadiiime. Using OWBs without
emission controls to burn trash is analogous tauigeof burn barrels and burn piles,

31 Barrefors G, Petersson G. Volatile hydrocarbons fromedtic 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.
%2 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®RIC, Watson JG. Fine particle and gaseous

emission rates from residential wood combustienviron Sci Technol 2000; 34:2080-2091
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which many states and local governments have bameealise they emit a variety of
pollutants, including acidic gases, heavy metaid, @goxin. Inhaling these substances
has the potential to cause health problems inctudye and throat irritation, respiratory
problems, and an increased risk of cariter.

4.4. Cause for Concern

Because OWBs are conducive to the formation of Rilghemissions relative to
background levels during routine operating condgicOWBs may present a potential
health risk to nearby populations. Should theaiS@WBs become more prevalent in
populated areas, OWB wood smoke particulate enmssiould 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 dwellingibese impacts likely would also affect
populated areas subject to pollution loading agi$irom terrain and meteorological
conditions favorable to inversion formation. Thasses public health concerns because
of the known health effects associated with exposuiPM, including a suite of
respiratory and cardiac morbidity outcomes as aglbremature mortality. Susceptible
populations, such as the elderly, children, andqes with preexisting cardiopulmonary
disease, may be at higher health risk and therelisproportionately affected.

Consideration of operating and design featurec&go OWBs that can
influence emissions supports these public healticems, including poor combustion
design, low stack height and poor dispersion, gmason utility, large firebox chamber
capacity, and the potential to burn trash. Culyefagw field assessments of OWB
ambient emissions have been conducted, therebyrigmegulatory efforts to evaluate
this potential public health problem, especiallyhin the context of whether 24-hr and
annual PM standards are suitably protective insangth heavy wood burning. It is
reasonable and prudent to assume that OWBs caanpr@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. Environmd®riatiection Agency, National Risk
Management Research Laboratory: Cincinnati, OH, 1998.
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5. EMISSIONS INFORMATION

This section reviews previous studies of OWB emissiand 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 tbsaw.

EPA funded an OWB study conducted by Valenti aray@in in 1998* The
comparisons detailed within this study primarilpyide data based upon a heat
input basis. For reasons cited earlier in thi®rgphe data have been converted
to grams per hour measurements where possibletestieg was performed
using a modified Method 28 fueling protocol and adified Method 5G for
measuring particulate matter, PAHs, and POMs. OWBs tested under this
effort exhibited PM emission levels as high as 24fhr for high heat removal
firing and 55.4 g/hr at low heat removal. The aggilon of a prototype catalyst
on one device lowered PM emissions to 53.8 and @h8respectively. Table 4-5
of the study compared PM emissions in milligrams B megajoules heat
output for two OWB units; Furnace A produced 1,04@MJ and FurnaceB
produced 681 mg/MJ. Table 4-5 indicated that natadgtic wood stoves built in
the 1990's tested at 383 mg/MJ, catalytic stove&tmg/MJ and pellet stoves at
110 mg/MJ.

Testing for total chromatographable organics (TCE®wed emission rates as
high as 5.4 g/hr at high heat removal to 8.31gshtdw heat removal. The PAH
emissions were as high as 2.8 g/hr for high heaoval and 0.64 g/hr at low heat
removal. Surprisingly, the catalyst runs generatdastantially higher levels of
TCO and PAH compounds. The study did not provimemarison data on a
grams per hour basis for TCOs or PAHs, howev@ravided comparison data in
micrograms per megajoules input basis. This dataved that PAH emissions
for Furnace A were 15.6 mg/MJ, Furnace B 16.1 mgiadh-catalytic wood
stoves 28 mg/MJ, catalytic stoves 24 mg/MJ andfezttpellet stoves

0.082 mg/MJ. However, EPA caveated these dataadie different test
methods, stating that only differences of an oadenagnitude should be
considered significant. The only publicly avaikallata to compare PAH
emissions on a grams per hour basis (total stacésens) between OWBs and
wood stoves is from an EPA wood stove field studyPbase 2 units in Klamath
Falls and Portland, Oregdh. This study found that the average “in-use” PAH

3 valenti JC, Clayton RKEmissions from Outdoor Wood-Burning Residential Hot Water Furnaces. EPA
Project Summary, EPA/600/SR-98/017. U.S. EPA, National Risk ManagerResiearch Laboratory:
Cincinnati, OH 1998.

% Furnace B is a Central Boiler Model CL 17 (letter from RoBeMcCrillis, EPA, to Rodney Tollefson,
Central Boiler, November 23, 1998).

% Fisher, L, Houck, J, Tiegs, P.ong Term Performance of EPA Phase 2 Woodstoves, Klamath Falls and
Portland, Oregon, 1998/1999. EPA NRMRL RTP-195 (R3-27-00).
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emissions for Phase 2 wood stoves, which had lveasa for over five years,
was 0.149 g/hr for non-catalytic stoves and 0.1/85 fpr catalytic stoves. Based
upon these data, OWBs may emit 4.3 to 18.8 timag lAHs than non-catalytic
wood stoves and 3.9 to 16.9 times more than catalyiod stoves.

Vermont Department of Environmental Conservatiom (¥=C) determined,
pursuant to litigation, that a unit produced by ttarBoiler (Model CL-7260)

had an “adjusted emission rate” of 93.76 g/hr figk. PThis number was derived
by state review of laboratory testing conductedhgymanufacturer. Central
Boiler claims in their submission of the tests ttiat actual rate was 3.6 g/hr.
However, after thorough review, the Vermont DEC Rallution Control Agency
concluded that Central Boiler incorrectly intergethe data and believes that the
state’s calculations of 93.76 g/hr are accurate.

US EPA and the New York Attorney General's Offi@vh obtained sales and
emissions data from manufacturers. Table 5-1 amm&missions data made
public by the New York Attorney General’s Offic@WB manufacturers have
claimed that these data are Confidential Busingfesrhation and therefore

Page 5-2

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 meagsuthd 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 Dati

Unit PM Emissions| PAH Emissions | Heating Number of
g/hr g/hr Efficiency | Test Runs
OowB 1* 84 Not Available 30% 5
OowB 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
OwWB 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.

37 Correspondence with EPA Region 1 in response to NESCABRIA 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.o0ag.state.ny.us/press/2005/aug/Augqust%20pads
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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 @véRequivalent to emissions
from four non-certifiedvood stoves, 18 certified wood stoves, 205 ohaes 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 trudkgure 5-1 provides a chart
comparing particulate emissions from various saitte

Figure 5-1. PM Emission Comparison (g/hr)
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39 Schreiber, Judith et émoke Getsin Your Lungs: Outdoor Wood Boilersin New York Sate. Office of

the Attorney General; Albany, New York, 2005. Available at
http://www.oag.state.ny.us/press/2005/aug/August%20pdos

40 CTDEP. Connecticut Department of Environmental ProtecGamnecticut 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;rantessed June 14, 2005.

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

Currently, few assessments exist of OWB impacttbient air quality, limiting
regulatory efforts to evaluate exposure conditiand the potential health risks posed to
nearby population¥. In order to characterize ambient PMmissions near an OWB,
NESCAUM performed a screening level evaluation iarth 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 timerder to capture
high temporal resolution during different boilerepgting modes and fuel loads. A
Thermo Electron DataRAM 4000 performed the monipmf 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, s and is an ideal instrument for portable and higime-resolved applications.

Results indicate that areas within 150 feet of &iB3can experience high P
concentrations relative to background levels. @woius sampling recorded periodic
values >1,000 pg/frand frequent values >400 pg/throughout the course of routine
OWB operating conditions, including damper opery{men rich) and damper closed
(oxygen starved) modes and within about 1 hourZghbdours after fuel loading. The
monitor found high PMs levels at all sampled distances, recording valysgards of
4,000 pg/m over distances of 50, 100, and 150 ft. The monibserved a peak value of
8,880 pg/mat 50 ft.

The time-series plotted in Figures 5-2 and 5-3 skel@cted 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@ with light snow.) As shown in
Figure 5-3, the study also conducted RIvhonitoring 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 loadiwgh 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 typicabant OWB PM levels to current 24-

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

3 A detailed presentation of findings has been submittegeer-reviewed publication to the Journal of
Health and Ecological Risk Assessment by Philip RS Johm¢BSCAUM.
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hour or annual PM national ambient air quality dends. There are no health-based
benchmarks for Pl for 15-second averaging times. However, the Rilyh s 15-
second concentrations observed in this study dodidate the potential for elevated 24-
hour average concentrations relative to currenithéased standards. EPA’s current
national ambient air quality 24-hr and annual REtandards are 65 pgi98"

percentile form) and 15 pgfnrespectively. EPA recently proposed a reviseti24
PM, s standard of 35 pg/{98" percentile form) with no proposed revision of greual
standard® Canada’s more stringent BM24-hr objective is 30 pgfi® Because of this

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.

Figure 5-2. Field measurements of Pl near outdoor wood boiler
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“4 Because the monitored data NESCAUM obtained was from anmgesiszed 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
5 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&k 2R05.

US Environmental Protection Agency. National AmbiemtQuality Standards for particulate matter.
Proposed rule. Fed. Reg. 2006;71:2620-2708.
%6 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 CWS\svw.ccme.ca/publications/
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Figure 5-3. Field measurements of PM2.5 near outdo 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 laboratoeg)dential 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 because
NESCAUM tested only a single furnace and wood tylNevertheless, combined with
other laboratory emissions data, these tests pravitetter 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 frodB3 will be useful in guiding the
design of future testing programs.

5.3.1.Testing Methods

NESCAUM performed testing in June 2005 on an OWénteal 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 moistureteohalong 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 coaldthat was not disturbed until the
end of the test runs that day. On day two, the QdtdiBted with a full load of wood on a
bed of coals. The loading door was opened ondegltine second day of testing to
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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 continuousksiRd 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) fractionshef stack PM emissions. Observed
stack PM concentrations were five to ten times @ighan expected, so there were some
problems with the continuous PM measurements. ifleeprobe clogged (partially or
completely) several times, and concentrations eledéhe 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
method (see below), mass concentrations of PMarstack are used. The DataRAM
also reports a semi-quantitative measurement ofdhene (mass) median patrticle
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 usedhe actual temperature of the
filter varied with the furnace burn mode resulting substantial variation in the amount
of “condensable” (semi-volatile organic) PM collegton 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 thougffilter 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 Measurements

Figures 5-4a through 5-4e are time series plot®ofinuous PM emission data,
particle mass median diameter, and stack tempetraflimes and values of gravimetric
filter sampling are also indicated on these pldtissing time periods are when the
DataRAM data are invalid for various reasons asabove.
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The continuous PM emission data demonstrate the-sfran dynamics of
emission rates in more detail than filter samplkadan some cases, changes in emission
rates can be related to changes in burn condi(aersper state changed), but often the
rates change dramatically for no obvious reasone @ssible explanation is settling of
the wood load inside the furnace, but this couldb®observed without interrupting the
testing process. The wide range of PM emissiagsraven 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 scenarygpresents 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 methodfsbility 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 idée fThe mean PM emission rate for all
full fire filter runs is 93 grams per hour (g/hr)tiwva 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
into a hypothetical ambient PM concentration coptéthe maximum rate of 237 g/hr
were emitted into a totally stagnant air mass @ ditbic meters (for example, an area of
100x100 meters and a height of 100 meters), theeathBM concentration would be 237
pg/nt after one hour.

We must note that caution should be taken in mafetajive comparisons of
emission rates from the two burn modes based ofiltdnedata. These data imply that
on average, full fire PM emission rates are appnately 50% higher than idle burn
rates. As noted above, and discussed in detaWh¢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 stidstiifference in how much
condensable PM was presumably collected with ther finethod between the two
modes. Table 5-4 presents the data used in FigbreNote 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

*" This measurement came from a mostly contiguous 3.5 haodmn day two of testing after two initial
modulations of the unit running a period beginningthtrs after the fuel charge and ending six hours
after fuel charge.
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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 pdgtcorrelate 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 collectingamof the condensable PM. In this
mode, the two measurement methods do not corralatethe 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 dataga for this mode is small, with five of
the six samples between 0.13 and 0.213g/fihe mean of the continuous DataRAM PM
is nearly seven times higher than the mean ofiliee PM for this sample subset period.
These differences between the two PM methods drenexpected, because the
modified method 17 used for the filter measuremdntss not attempt to efficiently
collect the condensable organic PM fraction.

Stack Conditions

Stack temperatures varied widely, from as low a&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 becaushitjiner temperatures combust more
of the organic carbon.

Conclusions

While it would be reasonable to assume that alifrésad of burning wood in the
OWB would result in higher emission rates compdecean “aged” load that is more
charcoal-like, this was not the case. The idlenbnode filter test results were
insufficient to show this and the full burn modstsewould not be appropriate to use
because the filter measurements did not capturm#jerity of PM emissions. Idle burn
filter PM data from June 21 were too limited (2 gd@s, both 2-3 hours after loading) for
this assessment. On June 22, six idle-fire fiteasurements were made from about ¥2
hour after the OWB was loaded to almost 6 houerafThe 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 thesazpience, 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 6/21/2005 6/22/2005 6/22/2005 6/22/2005 6/22/2005
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
Idle Burn Data
6/21/2005 6/22/2005 6/22/2005 6/22/2005 6/22/20085
16:15 - 16:31 12:47 — 12:50 14:18 -14:21 15:0841 15:18 — 15:21
PM Concentration, g/fm
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 formedetelop 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 particulatesans 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 dpugdccleaner technology. There are
currently thirty voting members on the committemeteen are manufacturers, three are
from OWB testing companies, two are from state mmental 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 C#dJM on smaller OWBs
burning appropriately seasoned hardwood showedPldghsemissions, suggesting that
people living near OWBs may be affected by unhgdikiels of PMs. Because
manufacturers are selling OWBs primarily for usedsidential settings, NESCAUM
believes a single PM emission limit expressed angg 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 froSCAWd other wood burning
devices. In order to accurately quantify emissimn€OWBSs, the testing method must
have the capability to provide accurate resultemgithe likelihood of filter loading and
excessive moisture content. In addition, it isicad that any robust measurement of
OWB emissions be capable of measuring the condengaltion of PM because the
majority of wood smoke emissions are in the condblesfraction. Traditional “back-
end” techniques (such as method 202) are not desitpm wood smoke and may not
efficiently capture the condensable fraction. Kalpower plant stack aerosols, wood
smoke is not water soluble, and the small parsides generated in full fire mode are
difficult to collect using inertial techniques. @iefore, the use of alternative
technologies and test methods such as continuousi@ddurement may be more
appropriate for OWBs. Such alternatives alreadstend EPA has conditionally
approved them as alternatives to traditional Methoelsting. Continuous PM monitors
allow for PM measurement throughout the burn cyatker than averaging several runs
in a burn cycle. These methods would allow foruaate, continuous measurements in
both low and high firing modes throughout the entirel charge, resulting in an accurate
average emission rate for an entire burn cyclecoBd, these methods overcome many

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

moisture content and condensable losses.

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

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

Dataram measuring most of condensables;
filter is losing most (filter T is ~300t0 550 F)
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6. OWB CONTROL STRATEGIES

Policy makers often face challenges in determiimission control and exposure
reduction requirements with uncertain and ofterfledimg scientific and toxicological
opinions before them. However, there is mountivigence to support the need for
action to reduce emissions from OWBs in order tantain public health protections.
The options government agencies should considdpasdy 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 moreegfies to address emissions
from OWBs. These strategies include setting ewsstandards for OWBS, requiring
permits for OWB installation, requiring the remowélnon-certified appliances,
establishing no burn days, instituting and impletimgnnuisance rules and/or opacity
rules, and developing standards for fuels. ThieWiohg 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 remtwem. 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 OWBSs:

* 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’shbutput or actual
average thermal output (grams of PM/Btu/hr or mgiadtajoule), or

* alimit on the concentration of the PM in an OWBtack (grams/cubic
meter or grains/cubic foot of exhaust gas).

Although all three of these approaches could reRMe=missions 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 sizbe 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 Ph&iems from a relative
efficiency perspective (PM emissions per unit hpgatluced). The second approach
creates additional hurdles when developing andemphting a test protocol. First, it
requires a clear definition on how to define Btuftreat 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 additibesture. Another disadvantage to this
method is that measurement would allow for dilutiominimize emissions when OWBs
are tested in a laboratory setting. In additiors 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 agproBhe proposed Vermont standard
would limit OWB emissions to 0.20 grains per drgrstard cubic foot of exhaust gas
corrected to 12% C£O Calculations based on testing data estimatetleanass
emission limit for smaller OWBs would approxima@ 26 g/hr PM, assuming a 50%
duty cycle. Because the Vermont standard is aerdration-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
OWBSs and place the burden for reductions on matufais 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 s existing installations, but when
combined with another strategy to address exi<iivWgBs, 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 wollddvethe 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 conditioas)ing seasoned cordwood, OWBs
emit extremely high levels of particulate matted air toxics. Second, enforcement of
this rule would be a challenge. Finally, using @dbat is too dry, such as pallets, may
also cause excessive smoke and air emissions dhbe tocreased likelihood of explosive
incineration.
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6.1.4.Mandatory Removal

Mandatory removal requires removal of any wood mgrappliance that is not
certified by a certain date and/or rendered permiynanoperable by a certain date. This
strategy would reduce emissions from the oldetiediOWBs and significantly reduce
particulate emissions from these devices. Howetalso 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 woodrtg device during
episodes when the likelihood exists for high PMelsy New Mexico and municipalities
in Alaska, California, Colorado, Oregon, South DakdJtah, and Washington have
instituted a no burn day program. This strateguld@ddress high emission events but
would not address the day to day contribution dliiion 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 statsvho burn days.

6.1.6.Nuisance Rules

Nuisance rules would establish new regulations @enaggressively enforce
existing regulations that limit or prohibit actiolilem causing or contributing to a
nuisance condition. Many states have such regulsathowever, using these rules to
protect neighboring properties have proven dificl@onnecticut’s rule calls any visible
emission crossing the property line at ground leveliisance 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 otitheand 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 shuttovgndor limiting OWB operation are
the only viable remedies for nuisance and odoteissu

6.1.7.0pacity Rules

Many states, including Massachusetts, have reqemérestablishing smoke
opacity limits. There is mounting evidence thaigests that OWBs cannot meet current
opacity standard$. A strategy to ensure that OWB’s comply with opaocégulations
could require a permit to install and/or operat€aMB 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, bubtirden of proof would be placed on
the homeowner rather than the manufacturer. Fumibvies, testing could only commence
once the OWB owner had already invested in thehase and installation of a unit.
Experiences within the NESCAUM states have showhahce a unit is installed, it is
very difficult for the state to remove the unitpohibit operation. Therefore, even with

9 During NESCAUM'’s stack testing, a certified smoke readerrdszbopacity readings. Appendix E
includes a copy of the field report.
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opacity regulations in place, states still facegh hurdle to enforce against OWBs based
on opacity regulations.

The following lists are the opacity regulations fle NESCAUM states:

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

Maine’s regulations (ME DEP Chapter 101) limit bigi 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 ofiviroutes 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 cleg of fires.

New York’s air regulations (NYCRR Section 211.3juee that no
person shall cause or allow any air contaminateunrce to emit any
material having an opacity equal to or greater 2@#b (six minute
average) except for one continuous six minute pgver 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 thrgrites 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 hotlr a maximum of
60% opacity for any two minute average; howeveAteamont 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 certification piio 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 ftbehomeowner as would the
mandatory removal. This strategy relies on thengfth of the real estate market and the
thoroughness of the home inspector. Enforcemetiteoprogram could be implemented
via the building inspection process.
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6.1.9.Zoning Regulations

Another strategy would establish property line aekis for OWBs to protect
neighboring properties from nuisance smoke andsodgermont and Connecticut both
have such regulations. Connecticut’s rule requar20 foot setback and stack heights
greater than the roofline of the neighboring prapsr This rule was adopted in spring
2005 and therefore there is no experience to ewitha efficacy of this rule. Vermont
adopted a “zoning” type regulation in 1997 thas seinimum setbacks, stack heights,
and requires that purchasers of OWBs be notifiediathe 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 s&ltlie overall emissions from OWBs.
In August 2005, Vermont proposed a new regulatia would establish an OWB
emission standard.

6.2. Voluntary Programs

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

6.2.1.Change-out Programs

This strategy eliminates the use of old, dirty lmgrappliances by providing
incentives for the public to purchase new, cleamimg equipment. This strategy
addresses PM emissions generated by wood burning applianceslméhates older,
dirtier OWBs. Because the program is voluntargature, 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 thahdd meet specified standards for low
emissions.

6.2.2.Voluntary Industry Actions

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

6.3. Court Actions

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

In Connecticut, five civil suits have been broughtler Connecticut's General
Nuisance Laws. In every case, the outcome hasibhdgba complainant’s favor. In at
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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 operasndong as the complainant
resides in the neighborhood.

In Stamford, Vermont, a landscape company thatiingdoperly installed an
OWB filed suit against the distributor and manufiaet (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 OW®&mer claimed that he had not
been informed about the notification and setbagkirements. The unit was eventually
removed, and the details are not available bedhasease was settled out of court.

In Grafton, Massachusetts, a resident made numeauplaints to the
Massachusetts DEP about his neighbor's OWB. Thakerfrom 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
OWB nuisances. In addition, public health harm @ase from the collective impact of
emissions from many OWBSs even if no individual O\&4 by identified as causing
unique harm to a specific person, as may be redquineler nuisance law. Therefore, it
may not be an option available to all members efgthblic nor broadly covering OWBs.

6.4. Enforcement Actions

Several states have issued Notices of Violatior3\(s) for OWBs, however,
enforcement actions against residential OWBs terizktresource intensive and difficult
to resolve. The following provides an overviewtlod available data.

6.4.1.Connecticut

Connecticut has issued approximately fifteen NO\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
stack heights has not eliminated complaints butmaeased enforcement efforts and
resources to address improperly installed units.

6.4.2.Massachusetts
An overview of fourteen actions taken by Massactisisgainst OWBs:
» Arresidential property owner installed an OWB ie #pring of 2005 for heat

and hot water. The smoke from the unit impactedarest residential
neighbor. The neighbor complained of smoke ir#fltrg the house and
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resulting health issues. The complainant alsgetdhat 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 shhé tinit down for the
summer. Before the unit can be restarted, the omost change the air
mixture, increase the stack height, and change/tagl burning practices. If
these measures do not improve the excessive siiakanit will have to be
closed down.

* Massachusetts DEP staff observed large amountaakesfrom 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 ggnand removed the unit.

e A company in Auburn, MA uses an OWB to heat thadility. When the unit
was first put in operation, the fire departmentereed many complaints about
the unit. A trailer home park is located diredighind 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 theisstill 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. TiheBepartment worries
that the unit is burning large amounts of cardbodrde Fire Department will
continue to monitor the OWB and wait for furthengaaints.

» Aresidential property owner installed an OWB apraately 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 homesnwihave expressed
concern about the health effects, difficulty indifeng by the neighbor, the
inability of their daughter to visit them due teetemoke, 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.

» Avresidential property owner installed an OWB tathieir 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 yareégédly causing the
children to have increased asthma attacks. ThedBwaHealth required the
owner of the OWB to cease using the unit duringstin@mer.

* Avresidential property owner installed an OWB tatieir home and provide
hot water. Residents several miles downwind wetgrggy smoke coming into
their homes in the middle of the night, thus wakingm up and giving them
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headaches. The neighbors traced the source ofesarakodor to the OWB.
The Board of Health and the Groton Fire Departnmargstigated the matter
and have met with the owner of the OWB several dilm& 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 wathe process of
building a new home adjacent to the resident’s @@l installed an OWB.
The resident claimed that the owner of the OWB alas 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 thenewus song birds that no
longer come to his house. The resident was 84yadr and reported that he
had severe health issues. The resident has matgspbf the OWB smoking.
Visits by the Massachusetts DEP confirmed the piesef 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 geolbuilding heat. The Board
of Health and fire department made many visithefacility and witnessed
excessive smoke from the OWB. The town eventualiyiested that the
Massachusetts DEP provide some assistance inrghdttivn the unit. The
DEP conducted an unannounced inspection and fdwendrtit to be operating
with excessive smoke while burning pallets. ltuessa notice of
noncompliance to the company, which removed the uni

* In another municipality, residents contacted thesgdahusetts DEP and the
town’s Board of Health regarding smoke complainbsrf 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 el@mumented 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 isenily in the owner’'s
backyard and not hooked up. The town’s Board ddlthecontacted the
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 tat#e 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 seerrseep through into their
homes. The owner of the OWB was burning green ipirtlee unit. The
Board of Health and fire department worked with dler to improve the
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smoke from this unit. Massachusetts DEP worket thig¢ town in an
advisory capacity.

* While visiting a facility, a Massachusetts DEP iesjor observed large
amounts of smoke coming out of an OWB locatedlahd clearing company.
The company burns waste wood to heat their buildiégthe 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 congmanid not meet the
requirements in the NON and agreed to cease ube ainit.

» Aresidential property owner installed an OWB tathleis 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 notedl&t their zoning regulation in
Brandon, VT. In this instance, the Vermont Depamitrof Environmental Conservation
(VT DEC) determined that a nuisance condition exisind required the owner to not to
operate the OWB during the summer months and tease the OWB stack height.

Vermont has taken enforcement actions against ideatel 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 reachefblioa/ing conclusions:

» Sales of OWBSs continue to increase by 25-50 peraentally.
NESCAUM estimates that there are over 155,000 OWa®nally.
Recent manufacturer statements indicate that sal&305 increased by
200 to 350 percent. If sales trends continue etieethe possibility that
there will be almost 5,000 OWBs in Massachusetts59,000 OWBs
nationally by 2010.

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

* EPA is 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 resuh increase in
installation rates for OWBSs.

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

» Emissions from OWBSs 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 canee

» Existing state regulations are inadequate to addp®¥Bs and state
environmental agencies lack the tools to effecyiwlforce against
residential OWBs. Currently, the only viable routesome 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 OWBSraanto 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 establishssonigimits for OWBs,
similar to those of other residential woodburnimgts, because this is the
best strategy for addressing the elevated emissioinse particles (and
the cancer-causing substances associated witlelpajtirom OWBs.



Assessment of OQutdoor Wood-fired Boilers Page 7-2

* Because OWBs are most often used in residentidthgstand vary greatly
in size, states should base an emission standaadyoams per hour basis
to adequately protect public health.

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

* EPA should support additional testing to gain dadveinderstanding of the
overall emissions profile of OWBs, specifically piaunlate matter and
toxics.

* EPA should develop tools to assist states in adorg€OWBs. Tools
could include model regulations, outreach materalR credit, and
research data.
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Appendix A: Outdoor Wood-fired Boiler
Correspondence



m Connecticut Bureau of Air Management, Anne Gobin, Acting
Maine Bureau of Air Quality Control, James Brooks

Northeast States for ’ Massachusetts Bureau of Waste Prevention, Barbara Kwetz

Coordinated Air Use New Hampshire Air Resources Division, Robert Scott
Management New Jersey Division of Air Quality, William 0'Sullivan

New York Division of Air Resources, David Shaw

ﬁ’ Rhode Island Office of Air Resources, Stephen Majkut
Vermont Air Pollution Control Division, Richard Valentinetti

July 29, 2004

Jeffrey R. Holmstead

Assistant Administrator for Air and Radiation
U.S. Environmental Protection Agency

Ariel Rios Building

1200 Pennsylvania Avenue, N. W.
Washington, DC 20460

Re: Outdoor Wood Boilers

Dear Mr. Holmstead:

Over the past several years, a number of state air pollution control programs, as well as
municipalities, have experienced a marked increase in the number of complaints related
to Outdoor Wood Boilers (OWBs). The Northeast States for Coordinated Air Use
Management (NESCAUM) believe the growing use of OWBEs is a serious problem and
are therefore exploring ways to take immediate action to prevent the continued
proliferation of these sources until the units can be re-designed to ensure they meet
stringent emissions standards. Concurrently, we would like to work with EPA because
OWRBs are sold nationwide and numerous states are facing similar problems with them.
We believe a national regulatory approach is warranted, and we respectfully request that
your office consider adopting a national strategy to regulate OWBs. Inasmuch as we
have been collaborating with other states on this issue, you may receive similar
correspondence from them.

With recent increases in the price of heating fuels, the use of wood for residential and
commercial heating is on the rise and the number of OWBs has increased to the point that
they constitute a significant compliance issue. While the nuisance smoke and odor
problem associated with OWBs is well documented, limited emission testing
demonstrates that OWBs are also large generators of fine particulate matter. Exposure to
particles can lead to a variety of adverse respiratory and cardiac health effects, especially
among people with heart or lung diseases who comprise a substantial percentage of the
population. Moreover, testing for Hazardous Air Pollutants may demonstrate that OWBs
pose an additional threat to human health, suggesting a need to regulate these sources
under an area source MACT.

For a number of reasons, OWBs present problems not normally observed with indoor
wood stoves, wood furnaces, or fireplaces. An OWB has a very short stack which emits

Kenneth A. Colburn, Executive Director
101 Merrimac Street, 10th Floor
Boston, Massachusetts 02114

Phone (617) 367-8540

Fax (617) 742-9162

WWW.nescaum.org
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smoke near the ground and allows for little dispersion. The majority of units are
designed to provide long burn times and be loaded once a day, or less frequently. The
large fuel capacities and automatic damper controls, typically combined with primitive
combustion design, frequently result in poor combustion, heavy smoke, noxious odors,
and high concentrations of fine particulate and other air pollutants associated with low
temperature combustion of wood fuel. Because they are also used to provide hot water
for heating swimming pools, many OWBs are operated during summer months, when
windows in nearby residences are open.

Emission testing performed under the direction of the U.S. Environmental Protection
Agency in 1997 found particulate emissions from two common OWBs ranged from 1.5 —
3.1 pounds/mmBTU heat input. These tests were conducted on new units operating
under controlled conditions, at a fraction of rated capacity, while burning seasoned
firewood. In practical application, particulate emissions are likely to be much higher.
However, OWBs were exempted from compliance with the national “Standards of
Performance for New Residential Wood Heaters” (40 CFR Part 60, Subpart AAA) and
are currently regulated by only a few state and local governments. Therefore, we feel
that it is critical that EPA take immediate action to regulate these sources.

Thank you for your consideration of this timely and important concern.

Sincerely,

Kenneth A. Colburn
Executive Director

cc: John DuPree, EPA Headquarters
Fred Weeks, EPA Region 1
Denny Dart, EPA Region 1
Gil Wood, EPA OAQPS
Vinson Hellwig, Michigan DEQ



STATE OF NEW YORK

OFFICE OF THE ATTORNEY GENERAL
ELIOT SPITZER DIVISION OF PUBLIC ADVOCACY
Attorney General ENVIRONMENTAL PROTECTION BUREAU

August 11, 2005

VIA OVERNIGHT MAIL

The Honorable Stephen L. Johnson
Administrator, Environmental Protection Agency
Ariel Rios Building

1200 Pennsylvania Avenue, N.W.

Washington, DC 20460

Re:  Petition for rulemaking under 42 U.S.C. § 7411(b)(1)
Regarding Outdoor Wood Boilers

Dear Administrator Johnson:

The States of New York, Connecticut, Maryland, Massachusetts, Michigan, New Jersey
and Vermont, and the Northeast States for Coordinated Air Use Management (NESCAUM)
hereby petition the U.S. Environmental Protection Agency (EPA) to use its authority under
section 111(b)(1) of the Clean Air Act (the “Act”), 42 U.S.C. § 7411(b)(1), to list outdoor wood
boilers (OWBs) as a category of stationary sources under section 111(b)(1)(A) and to
promulgate standards of performance for OWBs under 42 U.S.C. § 7411(b)(1)(B). In the
alternative, after listing OWBs as a category of stationary sources under section 111(b)(1)(A),
EPA could revise the existing standards for residential wood heaters, at 40 CFR §§ 60.530-
60.539b, to include standards for OWBs.

As explained in the attached report of the New York Attorney General’s Office,
Environmental Protection Bureau, entitled, Smoke Gets in Your Lungs: Outdoor Wood Boilers in
New York State (the “New York Report”), OWBs are becoming increasingly common in rural
and suburban towns and villages throughout much of the nation. Emissions of fine particulate
matter (particulate matter with a diameter less than 2.5 microns [PM 2.5]) and toxic materials
from OWBs exceed those from indoor wood stoves (called wood heaters by EPA), both on a per-
device basis and in proportion to the energy created. Despite polluting at a significantly higher
rate than residential wood heaters, OWBs are exempt from the standard applicable to residential
wood heaters and are not required to meet any testing, performance, or emission standards.

The Capitol, Albany, NY 12224 @ (518) 474-8096 @ Fax (518) 473-2534
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Notable findings of the New York Report include:

. While advertised as a clean economical way to heat one’s house and water, OWBs may
be among the dirtiest and least economical modes of residential heating, especially when
improperly used;

. Even when used properly, OWBs emit, on an average per hour basis, about 4 times as
much PM 2.5 as conventional wood stoves, about 12 times as much PM 2.5 as EPA-
certified wood stoves, 1000 times more PM 2.5 than oil furnaces, and 1800 times more
PM 2.5 than gas furnaces;

. When OWBs are used improperly to burn wet or treated wood, scrap, or garbage, they
generate even more smoke and emit additional toxic chemicals;

. The pollutants emitted by OWBs can cause or contribute to short-term health harms such
as eye, nose, throat, and lung irritation, coughing and shortness of breath, and long-term
health effects such as asthma, heart and lung disease, and cancer;

. The generally short chimneys and reduced draft of OWBs fail to disperse emissions
adequately and can cause smoky conditions at or near ground level;

. OWRBs are generally more expensive to install than comparable heating sources using oil,
or gas, or indoor wood stoves, and may be more expensive to operate depending on the
availability and price of dry seasoned wood;

. OWBs do not currently have to meet federal or state performance emission standards;
. The absence of any federal regulations has led to various state and local efforts to
regulate OWBs.

Since the problems associated with OWBs are widespread and exist across much of the
northern U.S., it is sensible for the federal government to enact federal standards of
performance, as it has with respect to indoor wood heaters, so as to avoid the development of a
patchwork of state and local regulations.

Section 111(b)(1)(A) requires EPA to include in the listing of categories of stationary
sources under section 111 a category that “causes, or contributes significantly to, air pollution
which may reasonably be anticipated to endanger public health and welfare.” The findings in the
New York Report establish that OWBs should be listed. Accordingly, the EPA should
promulgate regulations for OWBs under section 111(b)(1)(B), establishing standards of
performance that reflect the degree of emission limitation achievable through the best system of
emission reduction that has been adequately demonstrated. 42 U.S.C. § 7411(a)(1). Consistent
with the general framework of the Act, such federal regulations should serve as a “floor,”
allowing states or municipalities to enact more stringent regulations as necessary to combat
particularized local air quality problems.
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The time has come for EPA to regulate emissions from OWBs in order to protect public
health and the environment. Therefore, please consider this letter to be a formal request pursuant
to the Administrative Procedure Act, 5 U.S.C. § 553(e), for a rulemaking to list OWBs as a
category of stationary sources and to establish standards for emissions from new OWBs.

Sincerely,

I+

ELIOT SPITZER
Attorney General
State of New York

On behalf of:
RICHARD BLUMENTHAL
Attorney General
State of Connecticut

THOMAS F. REILLY
Attorney General
Commonwealth of Massachusetts

STEVEN E. CHESTER
Director
Michigan Department of Environmental Quality

JOHN J. FARMER, JR.
Attorney General
State of New Jersey

WILLIAM H. SORRELL
Attorney General
State of Vermont

ARTHUR N. MARIN

Executive Director

Northeast States for Coordinated Air Use
Management (NESCAUM)



New York State Department of Environmental Conservation

Division of Alr Resources

Bureau of Stationary Sources, 2™ Fioor

625 Broadway, Albary, New York 12233-3254
Phone: (618) 402-8403 + FAX: (518) 402-8035 i 1 oty
Wabslite; www.dec.stale.ny,us ——

May 14, 2003

Mr, Dennis T. Brazier
Central Boiler, Inc.
20502 160th Street
Greenbush, MN 56726

.Dear Mr. Brazier:

The New York State Department of Ervironmental Conservation (Department) is
responsible for regponding to air pollution complaints in New York State and for ensuring
compliance with New York State air pollution laws and regulations. As such, this Ietter is to
notify you that the Department has received an increasing amount of complaints arising out of the
operation of wood fired outdoor furnaces, and to provide you with information regarding the
maanner in which New York State air pollution regulations apply to your customears® use of these

products,

New York Stata Regulation, at 6 NYCRR Part 211.2, prohibits any person (defined as an
mdmdual corporatlon. partmership, association, or other legal entity) from ¢gusing or allowing
emissions oy air contaminants that unreasomably interfere with the comfortable enjoyment of life
or property. The complamts the Department has received reflect that the quantity and nature of
smoke erzissions that result from the operation of outdoor wood furnaces have violated this
provision, by interfering with the enjoyment of neighboring properties and surrounding areas. In
addition, 6 NYCRR Part 227-1.3(a) limits opacity from stationary combustion installations to not
greatcr than 20 percent (six minuts average) except for one six minuts average per hour not to
exceed 27 percent. The Department has documented the violation of this standard in responding
to complaints in several cascs, and will continue to assess compliance with this standard when
addressing other nuisance complaints arising ont of emissions from outdeor furnaces. You
should also be aware that if any material other thap clean wood or fossil fusls is burned in the
stove, then the device is copsidered an illegally operating incinerstor.

The Department has sought and will continue to seek to prevent the operation of any
wood fired outdoor firnaces that violate Naw York State air pollution control laws and
reguletions. In cases to date where the Departrnent has issued tickets or notices of violation, the
furnece owner/operator has been cited for noncompliance with the law., The Department ig
concermed, however, that these products are not designed or manufactured in a mammer necessary
to operate them in compliance with New York State regulations. As such, the Department is
exploring whethex the sale and use of wood fired outdoor furnaces in New York also violates
New York State air pollution control laws and regulations.



In the interim, and in the interest of reaching an amicable resolutior to the potential for
bpuisance caused by wood fired outdoor furnaces, the Department would Jike to meet witk you
apd other manufacturers to evaluate your ability to mamufacture and sel outdoor furnace products
that coraply with the above laws, We are also interested in discussing technical solutions to the
problem that exists with the operation of devices that have already boen sold in this State. Please
contact our Director's office at 518-402-8452 at your earlicst convenience, to schedule 4 meeting
with Department staff. Thank you for your anticipated cooperation,

Sincerely,7 N

DeBL

Robert G. Shiwinski

Acting Director

Bureau of Stationary Sources
Division of Air Resources
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Mr. Dennis T. Brazier, President mumﬁi':mm
Central Boiler Company AMD STANDARDS

20502 160th Street
Greenbush, MN 56726

Dear Mr. Brazier:

The purpose of this letter is to invite you to discuss air pollution concerns resulting from
outdoor wood-fired hydronic heaters (OWHH) used to provide heat for residences and
businesses. My office has received several inquiries from the public, State and local
environmental protection agencies, and elected officials regarding the health and environmental
impacts of OWHH. Many of these stakeholders are urging the Environmental Protection Agency
(EPA) to take actions to limit the emissions from these units.

EPA is not at this time considering any specific regulatory actions. Instead, we want to
work cooperatively with your sector of the wood heating industry to develop cleaner burning
products. [ am very interested in learning more about specific short- and long-term actions you
may be considering to address the concerns raised by the general public and others. Members of
my staff have advised me of efforts by your indusiry to characterize the emissions of air
pollutants from OWHH through the American Society for Testing and Materials. I am
encouraged to know that consensus standards may eventually evolve from this work. In
addition, I am interested in characterizations of emissions from your company’s products, and
any plans you may have to build and sell OWHH with emissions lower than those exhibited by
currently available models.

I have asked Scott Mathias of my staff to follow up with you to discuss the issues above
and any others you might wish to raise.

Thank you in advance for considering the concerns raised in this letter. I look forward to
hearing from you or your representative as we address this important matter.

Sincerely,

W/ //-@w JC”

Stephen D. Page
Director
Office of Air Quality Planning
and Standards

Intamet Addrass (URL) » http:/fwww.epa.gov
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CONTROL No. OAR-05-000-6598

Identical Letters were sent to the Following:

Mr. Frank Moore, President
Hardy Manufacturing Co., Inc.
12345 Road #505
Philadelphia, MS 39350

Mr. Ron Taylor

Taylor Manufacturing Company

P.O. Box 518 :
Elizabethtown, NC 28337 :

Mr. John Kehrwald, General Mgr.
Heatmor Inc.

105 Industrial Park Court, NE

P. O. Box 787

Warroad, MN 56763

Mr. David Laursen, Pres.
Aqua-Therm

48301 State Highway 55
Brroten, MN 56316

Ms. Robin E. Weaver, Pres.
Mahoning Outdoor Furnaces, Inc.
208 Whiskey Run Road
Mahaffey, PA 15757

Mr. Trevor Guentor, President
Pro-Fab Industries Inc

Box 112

Arborg, Manitoba ROC 0A0Q
Canada

Mr. Chuck Gagner

Northwest Manufacturing

600 Polk Avenue, SW

Red Lake Falls, MN 56750 -0124

Mr. Martin Lunde
Dectra Corporation
3425 33" Avenue, NE
St. Anthony, MN 55418



United States Esvironmental Prolection Agency Funs 27, 2005
Research Triangle Park, North Canchxa 27711
OﬁwonnnﬁtyMndm .

Stephion Page, Directar

Dear Mr. Page:

We are I yeceipt of your letter af mvite concerning outdoor wood-fired hydroaic heaters,
(OWHH). Central Boiler Jooks fiswand to addvressing these concerns.

Jt is our understanding that the inquiries youn have received friom the state and local
dgencies are 2 result of their need to address muisance coumplaint issees. We have worked
"with smveral state and jocal agencies concerning the OWHEH aad have fownd thiat afl
cowplainty have been'a resuit of muisance issues cansed by improperdy instalted and/ot
opersted OWHEL Complsists from new instalistions heve bees dramaticaily reduced 38 2
mwmmdmmdmdmmum

Currently, ummmﬂmwmﬂymm
mmm:mhm
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OWHH., Upon completion of'an internationslly recogmized (ASTM) standw'd, Cemral -
hdnwﬂlbe:bk»nﬂommﬁaummhmgadmhnwom
levels for distribution 10 the consymer with confidence that there will be 2 messurable

mhhm

'wemwmnA’smmmmmmmmw
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' m,y //MIV p '
Rodney Tollefson - .
Vice President '
Central Boiler, Ina.
218-782-2575

:
. )
L <
. i,
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DEPARTMENT OF ECOLOGY -
PO Box 47600 * Olympia, WA 98504-7600 » 360-407-6000
TTY 717 or 800-833-6388 (For the Speech or Hearing Impaived)

STATE OF WASHINGTON @@ _ A
May 12, 2005

Central Boiler, Inc.
20502 160th Street
Greenbush, MN 56726-

Dear Wood Fumace Manufacturer/Distributor:

The parpose of this letter is to clarify Washington State's solid fuel buming device
regulations, as they pertaih to the sale of woed futnaces, and point aut the differences
between Washington's requirements and federal EPA requirements,

. Effective January 1, 1995, Washington regulations required that il solid fue] butning
devices offered for sale in Washington meet Emission Performance Standards described
 in Washington Administrative Code 173-433-100 (3). These standards Jimit particnlate

- matter emissions to: :

s two and one-half grams pcrhuurfnr catalytic woodstoves, and:
- fourand one-half grams per hour for all other solid fuel burning devices,

A solid fuel burning device is any device that burns wood, coal, or any other non-gaseous
. or non-liquid solid fuels for aesthetic or space-heating purposes in a private residence or

commercial establishment, which bas a heat input less than one million British thermal
units (Btu) per honr. Therefore, by state definition, 2 wood firriace is a solid fiel
burning device, and therefore mnst meet the particulate roatter emission stamdard of four
~and one-half grams per hour before it may be offered for sale in Washington.

The Washington state standards differ from EPA New Somrce Performance Standards
(NSPS) for Wood Heaters in the following ways: _ :

*  Washington's particulate emission limits are more stringent than those specified in
the federal NSPS, and :

» Washington's particulate emission limits apply to all solid fuel burning devices,
meluding wood furnaces.

Winle EPA regulations still exempt certain devices from testing and/or certification
requirements, Washington regulations require that ali devices be tested and certified to.
comply with the more stringent Washington particulate emission limits,



Therefore; woed fumaces with heat inputs of less than one million Btu may not be sold
anywhere within the state of Washington unless the Department of Ecology has
detepmined that the farnace meets state emission standards, Any retailer, wholesaler or |
distributor offering for sale or selling a non-compliant device may be subject to foriual

enforcemnent action.

Wood furnaces with heat inputs of ane mnillion Btn per honr or more, while not subject

to solid foel burning device standards, upon operation, must not exceed the visible :
emission standavd of 20% opacity for more than three minutes in any one hour, contained -

in WAC 173-400-040(1). In addition, some local air authorities may require a

demonstration that the units meet specific grain loading standards, as measured by EPA .

. method 5 test in Appendix A to 40 CFR Part 60. - '

Complete text of the Washington state solid fuel burning device rule. can be found at
bitp://www.ecy.wa. gov/pubs/wac173433 pdf. S

If you have any questions, please call Tom Todd at (360) 407-7528.

Sincerely,

. Sarah Rees-
Program' Development Section Manager

Air Quality Program



June 8, 2005

Serah Rees

. Progrmam Development Sﬁcnnn Magager
Ailr Quality Program

Department of Ecology
State of Washingtor

PO Box 47600

. Dlymma, WA 93£D¢~Tﬁﬂl}

DearMs Rcﬁs

We are in reeeipt of you letter, dated May 12, 2005, staring that outdoor famaces cannot
be sald in the state of Washington. We have cnmmummted in the past and provided
informetion ta the Washington Department of Ecology (DOE}) that showed the emission
leveis of Central Boiler outdoor wood fumaces comply with Washington emission
standards and should be approved for sale in the State of Washington.

Central Boiler is well aware, as is the DOE, there is no test standard or protocol for
testing outdoor wood futnaces, Your letier refers 1o an emission standard determined by
the DOE as being more stringent than those contained in the EPA New Source
Performanes Standard (NSP8).'

To quote: Washington Administrative Code 173-433-100 (3), [WAC IT'!-‘H% 034}
Defipitions. (2) “Certificd” means that a woodstove mests emission performance
standards when tested by an acoredited independent laboratory and labeled acéording to
procedures specified by the EPA in “40 CFR. 60 Subpart AAA — Standards of
Performance for Residential Wood Heaters™ as amended thtough Faly 1, 1990.] A “wood -
stove” is vexy specifically defined by size, bum rate, weight, etc. in the NSPS, The.
‘USFFa. does not allow applisnees that fall outside of the definition of “wood stoves” to

be certified to the NSPS. Attermpts to fest other solid fiel brning devices to this

staindard would not pl‘n-‘lifldf: m:anmg{ul cmission data that conld be vsed for Iatmg such
devices. :

You are suggesting a 4.5'g;'h leve] that must be wet by an appliance that does not bave a
standard (fasting protocol) that allows the fumace to be tested and rated. As we are
aware, the NSPS certification process consists of four test burns. The EPA certification
rating that is determined by this testing process 18 a weighted average of those four test
burmns, The certificaton rating (hang-tag) is not equivalent to the emissions level
produced when the wood stove is heing operated.

_ 20502 *60th Street Greenbush, MN 56726 Central B ﬂller Phone; 218-782-25756  Fax: 218-782- 2580

www.centralbofler.com



The d.5 g/h WAC “emission number” is merely a aumber without a standard (test
protocal). The spphances that fall outside of-the definition of “wood stoves” can easily
meet a4.5 g/h emission level by operating within paramsters that would generete such
emission levels. - Without test protocol that determm&e burn rates, fue} crib and other
crucial criteria, 2 4.5 number is meaningless.

' We have previously provided information to M. Tapas K. Das P.E., Quality Air Program
of the Washingfon Department of Ecology on July 18, 2003. We are also aware of

communications between Spokane County and the State of Washington conceming
emissions data provided by Central Boiler, Neither office could determine that Central
Boiler outdoor wood furnaces do not meet a 4.5 p/h emission level. Central Boiler

* believes the data provided illustrates Central Boiler outdoor wood burning furnaces do

comply with the 4.5 g/lh Washington Emission Performancc “Standard”, WAC Code 173-
433

Cenu‘a.l Boiler undcrstands by state and fcdcral laws when a regulation does not prowde
criteria to determine compliance or noncompliance such a regulation is not enforceable.

. Central Boiler has requested, from the DOE; the criteria needed to determine compliance

and the DOE has not provided an established test standard or a statistically reliable
copversion factor.

Sincerely,

5=

Rodney Tollefson
Vice President

Ce: John Adtian — CB Sales, LLC
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Appendix B: Outdoor Wood-fired Boiler
Manufacturers
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Alternate Heating Systems, Inc

2395 Little Egypt Road

Harrisonville, PA 17228
http://www.alternateheatingsystems.com/

Aqua-Therm LLC
48301 State Hwy 55
Brooten, MN 56316
www.aqua-therm.com

Alpha American

10 Industrial Blvd

Palisade, MN 56469
http://www.yukon-eagle.com

Central Boiler, Inc.
20502 168 Street
Greenbush, MN 56726
www.centralboiler.com

Charmaster Products, Inc.
2307 Highway 2 West
Grand Rapids, MN 55744
www.charmaster.com

Dectra Corporation
3425 3% Ave NE

St Anthony, MN 55418
www.dectra.net/garn

Freedom Outdoor Furnace

7958 Curwensville Tyrone Hwy
Olanta, PA 16863
www.freedomoutdoorfurnace.com

Global Hydronics

Box 717

Winkler, Manitoba, CANADA R6W 4A1
www.globalhydronics.com

Hardy Manufacturing
12345 Road 505
Philadelphia, MS 39350
www.hardyheater.com

Heatmor Inc.

105 Industrial Park Court NE
Warroad, MN 56763
www.heatmor.com

Heat Innovations

499 Manitoba Road

PO Box 989

Winkler, Manitoba, R6W 4B1
CANADA

Heatsourcel

2201 Ridgeview Drive
Beatrice, NE 68310
www.heatsourcel.com

Hicks Waterstoves and Solar Systems
2541 South Main Street
Mount Airy, NC 27030

Horstmann Industries, Inc.
301 Second Street

Elroy, WI 53929
www.royalfurnace.com

Innotech Developments

2015 James Street South
Thunder Bay, Ontario P7J1G6
CANADA
www.outdoorfurnaces.com

Johnson Manufacturing

PO Box 345, 8187 State Rte 12
Barneveld, NY 13304
www.hud-son.com/woodfurnaces.htm
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Mahoning Outdoor Furnace Taylor Manufacturing, Inc.
RD #1 Box 250 1585 US HWY 701 South
Mahaffey, PA 15754 Elizabethtown, NC 28337
www.shol.com/mahoning www.taylormfg.com
Noonan’s Welding and Heating Timber Ridge, Inc.

105 £ Street South 2020 Highway 11-E
Keewatin, MN 55753 Jonesborough, TN 37659
www.northlandoutdoorwoodfurnace.com  www.freeheatmachine.com
Northwest Manufacturing Turbo Burn, Inc.

600 Polk Ave SW 4225 E Joseph

Red Lake Falls, MN 56750 Spokane, WA 99217
www.woodmaster.com www.turboburn.net

Outside Heating Systems — Wood Doctor
Box 567

Stewiacke, Nova Scotia BON2J0O
CANADA

www.wooddoctorfurnace.com

Pacific Western
Box 267
Atikokan, Ontario POT 1C0O CANADA

Pro-Fab Industries Inc./Empyre/Cozeburn
Box 112

Arborg, Manitoba ROC 0A0 CANADA
http://www.burnsbest.coror
www.profab.org

SFC Industries
2219 County Highway G
Rhinelander, WI 54501

TARM USA, Inc.

Main Street Box 285
Lyme, NH 03768
www.woodboilers.com
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Appendix C: Estimated National Sales of OWBs
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State Estimated number of OWBs
sold since 1990

Alabama 74
Alaska 185
Arizona 24
Arkansas 574
California 182
Colorado 271
Connecticut 1,538
Delaware 77
District of Columbia 13
Florida 32
Georgia 50
Hawaii 0
Idaho 401
Illinois 4,798
Indiana 7,518
lowa 2,762
Kansas 515
Kentucky 1,148
Louisiana 3
Maine 1,968
Maryland 872
Massachusetts 1,308
Michigan 29,568
Minnesota 13,936
Mississippi 0
Missouri 4041
Montana 350
Nebraska 190
Nevada 1
New Hampshire 1,981
New Jersey 215
New Mexico 12
New York 13,182
North Carolina 2,561
North Dakota 87
Ohio 13,605
Oklahoma 76
Oregon 555
Pennsylvania 11,836
Rhode Island 206
South Carolina 124
South Dakota 40
Tennessee 573
Texas 16
Utah 38
Vermont 2.033
Virginia 4.658
Washington 393
West Virginia 3,725
Wisconsin 27,452
Wyoming 66
US Total 155,834
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Appendix D: Michigan DEQ Modeling



Residential Wood Boiler Study
MAXIMUM PREDICTED 1-HR AVG CONCENTRATIONS

Four contour plots of the max 1-hr concentration at an emission rate of 1Ib/hr. Since its 1 stack, the impacts can be scaled
(linear relationship) to a different emission rate. Modeling is based on the following:

stack height = 8'

temperature = 250F

vel=1.5 m/s

diameter = 6"

50' x 100' bldg 22" high

Ran 25', 50', 75', and 100' set back distances from the bldg due north using 1983 KIS met data.
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Appendix E: Field Report on Moisture Readings
and Opacity
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Vermont Department of Environmental Conservation
Air Pollution Control Division

AIR POLLUTION TRIP REPORT

PROPERTY: Confidential DATES OF SITE VISIT: June 21 & 22, 2005
PURPOSE OF VISIT: To observe/assist with testing of an outdoor wooiter.
LOCATION OF SITE: Vermont

PEOPLE PRESENT: Lisa Rector, NESCAUM
George Allen, NESCAUM
John Jasko, Air Quality Technical Services
Chris Jones, Vermont DEC (6/21/05)
Philip Etter, Vermont DEC

WEATHER: Temperature: Highs generally 8Bs
Wind: 0-15 mph, Direction variable
Cloud Cover: Clear to Partly Cloudy
Precipitation: None

INVESTIGATOR: Philip L. Etter, Environmental Analyst

We attended the emissions testing of an outdoodvibmiler (OWB) to assist with the
testing and observe the operation of the OWB Wwhihile on site | made some
measurements of the moisture content of the woeldofeing used during the test using a
Delmhorst moisture meter and conducted some visiflissions observations for general
informational purposes. | also took numerous digihotos during the testing on
6/22/05.

Wood Moisture Measurements

All wood moisture measurements were done on 6/2210fe wood supply
consisted of mixed hardwoods but mainly maple &udaak in two to three foot lengths.
Most of the wood had been split, but some of thedwsas in the round. The wood was
uncovered and stacked in a semi sunny locatiametked the moisture content of three
pieces of maple and two of red oak. One of thelenpieces was round but all the others
had been split. |tried to choose pieces of lasiygs from various places in the small pile
that had been designated as the fuel for the tésing wedges and a sledge hammer, |



Assessment of OQutdoor Wood-fired Boilers

Page E-3

split each piece roughly in the center just betakeng measurements. | then took three
measurements on the inside split surface, onesicehter and one on either side of
center roughly halfway from the center to the ewidbe piece. The upper moisture
content limit of the meter is 40%. Moisture reagimbove this limit were recorded as
greater than 40%, but were treated as 40% whenlatiltg averages. Readings are
documented in the following table.

PERCENT MOISTURE IN WOOD FUEL
Species ungh Size| Readingl | Reading2 | Reading 3 Average
(inches) % % % %M
Maple 5"  split 26.8 29.3 24.3 26.8
Maple 5" round 28.5 28.5 25.6 27.5
Maple 7" x 4”7 split 30.5 27.7 32.6 30.3
Red Oak 5" split >40 37.5 >40 >39.2
Red Oak 8" x 3" split >40 >40 >40 >40

Note that the moisture content measurements were fbo general information
only. No attempt was made to weigh the fuel chatgethe unit or to count the chunks
of various species of wood being charged. Sontkeoivood charged on the second day
was taken from another part of the pile that haghlrecently rained on. Overall, the
moisture content appeared to be fairly high. Oakegally takes longer to dry than many
other hardwood species but the history of particpieces of wood is unknown so it may
be that the oak was cut later than the maple.

Visible Emissions

In an attempt to determine how the visible emissioary over time and the burn
mode cycling of the OWB, | evaluated visible envss for 24 minutes on 6/21/05 and
for nearly two hours on 6/22/05 (see attached V&uation forms). These observations
were purely informational. Currently, OWBs are ¢ from Vermont's visible
emissions standards due to their small size. Téengfoliage of the woods behind the
OWB provided a good contrasting background forligjfe colored smoke. The sun was
always well within appropriate angles for Methodi&servations. | ceased making
observations on 6/22/05 at about 1140 hours asuih's vertical angle was becoming
potentially inappropriate. During midday hourdate June, the vertical angle of the sun
is inappropriate for observations in most situatio@bservations were made difficult by
the highly variable wind speed and direction, theme often down washing, looping or
blowing away from the observer making proper regslimpossible.

The nature of the plumes also made VE evaluatioremifficult. Much of the
time, especially during the open damper mode, lina@ appeared to be largely
condensed organics; with the densest part of thaela few to several feet beyond the
top of the stack. On 6/21 | tended to read thenpla couple feet above the stack before
the densest smoke formed. On 6/22/05 | was reabangpacity in the densest part of
the plume, a few to several feet above the stadkd not notice any indications of a
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condensed water vapor component in the plume aitinbgan’t rule-out with absolute
certainty that some moisture condensation was aogur Meteorological conditions
would have caused any condensed water vapor ipltinge to rapidly dissipate leaving a
less dense trailing particulate plume. This wasapparent during the test burns as the
dense plumes carried for a considerable distamaduglly dispersing.

| also found evaluating the opacity during the idlede to be difficult due to the
very low gas flows emanating from the stack. Oftenplume seemed to narrow beyond
the top of the stack perhaps causing the plumppear denser than if it were spread
over the full width of the stack. The idle modempks appeared to be fully condensed as
they exited the stack, which isn’t surprising gitba very low stack gas temperatures
recorded during the idle mode.

The observations on the morning of 6/22/05 reprethenworst case, as they were
made during the beginning of the burn cycle. ThéBDwas loaded before the beginning
of the test in the morning but not later. Althodughdn’t conduct formal observations
later in the day during the charcoal stage of th& lzycle, informal observations
indicated that visible emissions were greatly reduwith opacities more in the 40-50%
range during the charcoal stage operating modksrrétan the 90-100% opacities near
the beginning of the burn cycle. The observatwmse on 6/21/05 were later in the day
but I am uncertain how long it had been since tiéBOvas charged.

Summary

These visible emissions observations indicatettfesmoke from this OWB was
densest during the first hours of the burn cyclk lass dense during the latter charcoal
phase burning. The opacities and total volumeisobke smoke (i.e. the overall size or
volume of the plumes) were also heaviest followtimg opening of the damper.
Opacities and total smoke volume were much reddceithg the idle mode and were
greatly reduced as the duration of the idle modee@msed probably due to the cooling of
the fire greatly reducing combustion gas producti@pacities also seemed to decrease
somewhat as the stack temperatures increasedheitlerigth of the open damper
operating mode.
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Appendix F: Outdoor Wood-fired Boiler
Regulations
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AGENCY OF NATURAL RESOURCES
Wat er bury, Ver nont

ENVI RONVENTAL PROTECTI ON REGULATI ONS
CHAPTER 5
Al R POLLUTI ON CONTROL

Subchapter 11. Prohibitions

5-204 SI TI NG AND STACK HEI GHT STANDARDS FOR OUTDOOR WATERSTOVES WOOD FI RED
BAO LERS; NOTI FI CATI ON TO PURCHASERS

(@ Applicability.

This section shall apply to each outdoor wood-fired boiler installed
after October 1, 1997, except those outdoor wood-fi red boilers that are

subject to and compliant with Section 5-205 herein.

(b) Definitions. For the purpose of this section and Section 5-205 herein
the following definitions apply, in addition to tho se of Section 5-101
of this chapter.

“ Outdoor Wood-Fired Boiler " means a fuel burning device designed: (1)

to burn primarily wood by hand-firing; (2) notto b e located inside
structures ordinarily occupied by humans; and, (3) to heat spaces or
water by the distribution through pipes of a fluid heated in the
device, typically water. Examples of common uses of outdoor wood-fired
boilers include: residential or commercial space he ating, heating of
domestic hot water, and heating of water for swimmi ng pools, hot tubs

or whirlpool baths.

(c) Prohibition.

No person shall install or allow the installation of an outdoor
waterstove— wood-fired boiler subject to the requirements of this
section unless the outdoor watersteve—— wood-fired boiler
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(1) Is located more than 200 feet from any residenc e other than a
residence served by the outdoor waterstove—— wood-fired boiler or
owned by the owner or lessee of the outdoor waterstove—— wood-fired
boiler ;

(2) Has an attached permanent stack extending higher than the roof—
line—peak of the roof of the structure(s) being served by the
outdoor waterstove—— wood-fired boiler, if any residence is located
more than 200 but less than 500 feet from the outdoor waterstove——
wood-fired boiler other than a residence owned by the owner or
lessee of such outdoor watersteve—— wood-fired boiler ; and,

(3) Complies with all applicable laws, including bu t not limited to
local ordinances, but excluding Section 5-205 of th is chapter
and its operation does not create a public nuisance.

(d)  Notice to Buyers

(1) No outdoor  waterstove——  wood-fired boiler subject to the
requirements of this section shall be sold or offer ed for retail
sale or lease within the State unless prior to any sales or lease
agreement, the seller or dealer provides the prospe ctive buyer or

lessee with written notice stating that:

(i) Only untreated natural wood may be burned in an outdoor
waterstove— wood-fired boiler ;

(ii) Installation of the outdoor waterstove— wood-fired boiler is
subject to the distance and stack  height requirements
provided in this section. [Each notice shall expres sly

disclose each such requirement];

(i) Use of an outdoor  watersteve— wood-fired boiler that meets
the distance and stack height requirements provided in this
section is not appropriate in some areas due to ter rain
that could render the operation of an outdoor  waterstove—
wood-fired boiler to be a nuisance or a public health
hazard.

(2) The written notice specified above shall be sig ned by the

prospective buyer or lessee to indicate receipt of notification

of the requirements of this section. Prior to makin g delivery of

an outdoor waterstove— wood-fired boiler into the possession of

any buyer or lessee, the seller or dealer shall mai | or otherwise

provide a copy of the signed notice specified above to the:

Air Pollution Control Division
103 South Main Street
Building 3 South
Waterbury, Vermont 05671-0402.

Said notice shall contain the name, address and tel ephone number
of both the seller or dealer and the buyer or lesse e, the

location where the outdoor waterstove— wood-fired boiler will be
installed and the make and model of the outdoor waterstove—— wood-

fired boiler .
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CONTROL COF PARTI CULATE MATTER FROM NEW OUTDOOR WOOD- FI RED BO LERS

(@)

(b)

(©)

Applicability

This section shall apply to any outdoor wood-fired

boiler that is

distributed or sold in Vermont or for installation

in Vermont on or

after January 1, 2006, except that this section doe

s not apply to any

outdoor wood-fired boiler that: (1) is or has been

owned by an

individual for his or her own personal use and is d

istributed or sold

to another for his or her own personal use; or (2)

was purchased and

received by any person other than the manufacturer

before January 1,

2006.

Definitions. For the purposes of this section, the

following

definitions apply, in addition to those of Sections

5-101 and 5-204 of

this chapter.

“ Distribute or Sell

" means to distribute, sell, advertise for sale,

offer for sale, hold for sale, ship, deliver for sh

ipment, release for

shipment, or receive and (having so received) deliv

er or offer to

deliver. This term also includes conditional sales

and long-term

leases. This term does not include the distributio

n or sale by a

manufacturer of an outdoor wood-fired boiler that i

s installed outside

Vermont.

“ Manufacturer”

means any person who constructs or imports an outd oor

wood-fired boiler.

“ Model line

” means all outdoor wood-fired boilers offered for

distribution or sale by a single manufacturer that,

in the judgment of

the Air Pollution Control Officer, are similar in a Il material

respects.

Standard for Particulate Matter; Certification

(2) No person shall distribute or sell an outdoor wood- fired boiler
in Vermont or for installation in Vermont unless th e Air
Pollution Control Officer has issued a certificatio n to the
manufacturer that the boiler, or the boiler model | ine to which
it belongs, complies with the following particulate matter
emission limit: An outdoor wood-fired boiler shall not emit, or
cause or allow to be emitted, any gases that contai n particulate
matter in excess of 0.20 grains per dry standard cu bic foot of

exhaust gas corrected to 12% CO

». as determined in accordance with

the test methods and procedures in subsection (d) o f this
section.

(2) Unless revoked sooner by the Air Pollution Control Officer, a
certification issued under this subsection shall be valid for
five years from the date of issuance.

3) The distribution or sale of each outdoor wood-fired boiler
subject to this section that has not been certified by the Air
Pollution Control Officer as meeting the particulat e matter
emission limit in this subsection shall constitute a separate
violation and be subject to civil or criminal penal ties as
provided in 10 V.S.A. Chapters 201 and 211, or 10 V .S.A. 8§568.
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(d)

()

Emission Test Methods and Procedures

(1)

(2)

3)

(4)

In order to obtain certification of an outdoor wood

Page 4

-fired boiler

under subsection (c) of this section, the

manufacturer of any

such boiler shall have emission test(s) conducted t 0 determine
compliance with the particulate matter emission lim it under
subsection (c) of this section and furnish the Air Pollution
Control Officer a written report of the results of such tests,
including a detailed description of the operating c onditions of
the boiler during the tests. Said written report s hall contain
such documentation and other information and follow such format
as may be specified by the Air Pollution Control Of ficer. Inthe
discretion of the Air Pollution Control Officer, a manufacturer
of an outdoor wood-fired boiler subject to this sec tion may have
emission testing conducted of a representative boil er within a
model line of outdoor wood-fired boilers and may us e those tests
to demonstrate compliance of all units manufactured in that model
line.

All emission testing required under this section sh all be

conducted by independent testing consultants who ha

ve no conflict

of interest and receive no financial benefit from t

he outcome of

the testing. Manufacturers of outdoor wood-fired bo

ilers shall

not involve themselves in the conduct of any emissi

on testing

under this section nor in the operation of the unit

being tested,

once actual sampling has begun.

Emission tests shall be conducted and data reduc

ed in accordance

with 40 CFR Part 60, Appendix A, Test Methods 1 thr

ough 5, and 40

CFR Part 51, Appendix M, Test Method 202, or altern

ative methods

approved by the Air Pollution Control Officer. All tests shall

be conducted in accordance with Vermont's “Source E mission
Testing Guidelines” (January 2002 revision, as amen ded) and under
a test protocol which has received the prior approv al of the Air
Pollution Control Officer. Emission tests shall be conducted
under such conditions as the Air Pollution Control Officer shall

specify, based on representative performance of the

outdoor wood-

fired boiler under actual field operating condition

S.

The manufacturer of the outdoor wood-fired boiler s hall provide
the Air Pollution Control Officer with at least 30 days prior
notice of any emission test to afford the Air Pollu tion Control
Officer the opportunity to have an observer present . The

manufacturer of an outdoor wood-fired boiler(s) bei

ng tested as

required by this section shall reimburse the state

of Vermont for

the reasonable expenses incurred by any such Agency

observer for

out-of-state travel to observe such testing, includ

ing among

other items the costs of transportation, lodging an

d meals.

Notification by Manufacturers

1)

By March 1 of each year and as necessary when an outdoor wood -

fired boiler is certified, each outdoor wood-fired boiler

manufacturer shall provide the following informatio n in writing
to any person to whom the manufacturer has distribu ted or sold,
intends to distribute or sell, or actually distribu tes or sells
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outdoor wood-fired boilers in Vermont or for instal lation in
Vermont:

0] A list of all the models of outdoor wood-fired boil ers it
manufactures; and

(i) An identification of which, if any, of said mo dels or
boilers has received a certification of compliance under
subsection (c) of this section and thus may be dist ributed
or sold in Vermont or for installation in Vermont.

(2) By March 15 ™ of each year, a copy of all written information
provided to comply with paragraph (1) of this subse ction and a

list of persons to whom it was provided shall be su

bmitted to the

Air Pollution Control Officer.






