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February 20, 2008

Mr. Greg Green, Director

USEPA Outreach and Information Division
109 T.W. Alexander Drive

Mail Drop C 304-01

Research Triangle Park, NC 27711

&
Dear Mr_Cuaen:

Enclosed please find six copies of a report prepared for the Masonry Heater Caucus of
the Hearth, Patio & Barbecue Association.

This report provides a chronological compilation of North American particulate emission
test data from masonry heaters from 1990 through 2007 as well as other information
relevant to masonry heaters as a product class. Much of the comparative data included in
this report is the result of the efforts and funding by the Masonry Heater Association of
North America (MHA). Other data, representing the results of certification testing, have
been provided by individual companies. To our knowledge. this is the first time that all
of this information has been gathered into a single document. We are confident that this
report will facilitate the analysis of masonry heater emission performance by EPA.

The report presents conclusions based on our analysis of the data and other referenced
documents as well as recommendations to EPA for acceptance of the defined class of
masonry heaters as clean-burning and turther, for EPA to provide appropriate guidance to
state, local and tribal air quality regulators that masonry heaters should be included as a
clean-burning Residential Wood Combustion option in PM-impacted areas.

Please let us know it you have any questions about the report or if you feel you need any
additional information.

We look forward to hearing back from you upon completion of your review.
Siacerely,

ck H. Goldman, President
HPBA

Ce: Ms. Debbie Stackhouse
Mr. Gil Wood



A REPORT ON THE PARTICULATE EMISSIONS
PERFORMANCE OF MASONRY HEATERS — DEFINTION,
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Prepared by: Robert Ferguson
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The scope of this report is to provide the U. S. Environmental Protection Agency with
chronologically organized information about the particulate emissions performance of
masonry heaters as a defined product class and to provide conclusions and

recommendations based on that information.
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Introduction

This White Paper is submitted by the Masonry Heater Caucus of the Hearth, Patio and
Barbecue Association to support its request that the Office of Air Quality Planning and
Standards (OAQPS) recognize that Masonry Heaters are a class of solid fuel heating
devices that are inherently clean-burning and can be a viable emissions control option in
PM-impacted areas. The White Paper has five parts:

¢ Background
o Provides relevant background information on regulatory status, numbers
installed annually, data sources, etc.
s Definition
o Defines what comprises a clean-burning masonry heater including a list of
critical features.
* Data
o Summarizes the available North American emissions performance data.
s Conclusions
¢ Summarizes our conclusions on emissions performance.
¢ Recommendations
o A section containing our recommendations that includes procedures that
can be used to provide assurances that masonry heaters built in the field
include the critical elements identified in the definition of clean-buming
masonry heater.

Background

Modern masonry heater designs originated in Europe and those designs have been in use
for many decades, if not centuries. While masonry heaters are installed in relatively large
numbers across Europe, they represent only a small niche in the solid-fuel burning market
in the United States. Masonry heaters are site-built, often by individual masons, making
it hard to provide a precise number of installed units. The Masonry Heater Caucus
estimates that between 600 and 1,000 masonry heaters are installed in North America
each year. This represents only a fractional percentage of all solid-fuel burning appliance
sales and 1nstallations.

EPA's wood stove New Source Performance Standard (NSPS), 40 CEFR Part 60, Subpart
AAA, specifically exempts masonry heaters because the Regulatory Negotiation
Committee recognized that they are inherently clean-burning due to their high burn rates
and air-rich characteristics. This is explained in the preamble to the proposed

regulations’ as follows: “The 800 kg cutoff was established as an easy means of excluding

! Federal Register/Vol. 53, No. 38/February 26, 1988/Rules and Regulations/Page 5864. See Attachment 1.
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A REPORT ON THE PARTICULATE EMISSIONS PERFORMANCE OF MASONRY
HEATERS _ February 13, 2008

high mass fast-burn wood-burning appliances known as “Russian stoves” or “European
tile stoves.” These devices typically operate at hot, fast burn rates and cannot be
damped. It is also likely that they are incapable of meeting the 5 kg/hr minimum burn
rate. The intent of the commitiee was to exempt from the standards these appliances
which rely on clean-burning air-rich conditions and which have high combustion
efficiencies.”

Notwithstanding EPA's clear determination in the NSPS rulemaking that masonry heaters
are inherently clean-burning, because of their high burn rates and air-rich characteristics,
masonry heaters have had a difficult time getting accepted by SIP planners as viable
control options for PM-impacted areas. In some jurisdictions, only NSPS-certified wood
stoves have been allowed. While the intent may have been to eliminate “loop-hole”
products as a means of improving air quality, the result for some product classes,
including masonry heaters, has been to effectively ban a clean-burning alternative. Other
areas have followed EPA's RACM/BACM guit:la.nce2 and allowed NSPS-certified
appliances, along with other appliances that have been shown to be “equivalent.” [See
also Renner memo-.] However, these equivalency provisions, although written with good
intent, are flawed in concept. The NSPS emission limits were based on Best
Demonstrated Technology (BDT) for traditional wood-burning stoves and inserts and
were supported with significant data from the Oregon woodstove certification program.
These levels do not translate to appliances employing different technologies and,
therefore, with different BDT. Masonry heaters are not designed nor do they operate like
NSPS certified stoves or inserts. Moreover, the very different operating profiles for
masonry heaters compared to woodstoves present difficult issues when attempting to
make "equivalency” findings. The fuel load in a masonry heater is fully-consumed ina
short period of time. This heats a large mass of refractory, which in turn discharges the
stored heat over many hours. Woodstoves are also batch loaded, but the heat is delivered
as the fuel load is consumed. The length of the burn depends on how the operator sets
the air controls. When comparing emissions performance on a gram/hr basis, the
masonry heater emissions must be averaged over the period of time that useful heat is
being provided to the home in order to compare them with woodstoves on an "apples to
apples" basis. Finally, the fact that air quality planning agencies frequently require costly
case-by-case showings of "equivalency" has been an additional, significant obstacle to
masonry heater builders.

We are presenting the results of masonry heater testing that has been conducted in North
America, but it is important to recognize that considerable testing has also been
conducted in Europe and that testing corroborates the clean-burning performance of
masonry heaters as a class of products.

2 Technical Information Document for Residential Wood Combustion Best Available Control Measures,
1. S. Environmental Protection Agency, Office of Air and Radiation, Office of Air Quality Planning and
Standards, Research Triangle Park, NC, September 1992. See Attachment 2.

3 Memo: F. H. Renner to Chief, Air Branch, Regions I — X, September 23, 1991, Interpretation of EPA’s
Guidance for Residential Wood Combustion Emission Control Measures. See Attachment 3.
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Definition

It is also necessary to establish a way to determine what masonry heater designs should
qualify for recognition in that class and for that the following definition is proposed.

“A masonry heater is a site-built or site-assembled, solid-fueled heating device
constructed mainly of masonry materials or soapstone in which the heat from intermittent
fires burned rapidly in its firebox is stored in its massive structure for slow release to the
building. It has an interior construction consisting of a firebox and heat exchange
channels built from refractory components.”

Specifically, a masonry heater has the following characteristics:

Site-built or site-assembled.

A mass of at least 800 kg. (1760 Ibs.).

Tight-fitting fuel loading doors that are closed during the burn cycle,

An overall average wall thickness not exceeding 250 mm (10 in.).

s Under normal operating conditions, the external surface of the masonry heater,
except immediately surrounding the fuel loading door(s), does not exceed 110 C.
(230 F.).

o The gas path through the internal heat exchange channels downstream of the
firebox includes at least one 180-degree change in flow direction, usually
downward, before entering the chimney.

s The length of the shortest single path from the firebox exit to the chimney
entrance is at least twice the largest firebox dimension.

A combustion air control that is designed to provide a high-fire burn rate only.
A combustion air introduction system that directs the majority of the combustion
air to the area in the firebox that is at or above the level of the fire.

e Construected or installed by qualified masonry heater builders.

ASTM E-1602 “Standard Guide for Construction of Solid Fuel Burning Masonry
Heaters” provides design and construction information for the range of masonry heaters
most commonly built in the United States and can be used as the basis for determining
whether a particular design qualifies for recognition as a masonry heater. A copy for
reference purposes only is included as Attachment 5.

Data

A table showing the reports from testing in North America that provides data relevant to
types of masonry heaters that meet the above definition is included as Attachment 6. The
table includes a brief description of the test parameters and the average emission results,
'The data comprises the results from research studies, test method development efforts,
and testing for certification to state masonry heater rules. The average particulate
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performance is presented as emission factors (grams of particulate per kilogram of fuel
burned). This format provides the best way to compare emissions from high-burn-rate,
high-combustion-efficiency, intermittently-fired appliances. Emission rates, when
available in the reports, have also been provided. However, as was briefly discussed in
the Background section, emission rates (grams of particulate per hour) can be deceiving
when evaluating intermittently fired high-mass appliances. One or two fires that last only
a few hours can provide heat for a full twenty-four hour period. Emission rates should
therefore be normalized over the period of time that heat is being provided by the
masonry heater if they are to be used to compare different appliance types. The emission
rates we are reporting here may not have been calculated using the same procedures in
each case. Some values have been normalized, some have not. These differences shoutd
be taken into consideration when comparing individual values. We have also included
ranges for data, as well as results from individual heaters when available in the reports.

The data that we are presenting represents all data from masonry heater testing in North
America that we have been able to obtain with the exception of data from a test series
conducted on four products from one manufacturer’, Please note that some additional
reports have been issued that address sub-sets of testing results from the reports we have
cited. Those reports have not been included if their data are contained within the cited
reports. The table also includes a reference to the AP-42 emission factor for masonry
heaters. Full references for each cited report are included in Attachment 7.

Report cover pages and extracted summaries or excerpts from the reports, when
available, are included in Attachments 8 - 21. Copies of the full reports can be made
available upon request.

Reference C (Attachment 10) is the report on the field testing of five heaters that
represent a cross-section of the masonry heater designs that were being built across the
country. This study from 1991-1992 was funded by Masonry Heater Association
members. Ultimately, EPA was approached and agreed to monitor and audit this test
program. In an EPA memorandum’, Dr. Robert C. McCrillis presents his evaluation of
the test results from the masonry heater test program. These results (which covered a
broad range of heater designs) were used by EPA to calculate the 2.8 g/kg emission factor
for masonry heaters that is listed in EPA’s AP-42 document “Emission Factors from
Residential Wood Combustion™.

4 These data were excluded because the tests were not conducted following a masonry heater test protocol
but were instead generated using a fueling and operating protocol for factory-built fireplaces.

5Memo: R. C. McCrillis to D. Mobley, May 8, 1992, Masonry Heater Field Performance Data. See
Attachment 4. :
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Ceonclusions

The test data support previous conclusions regarding the particulate emission
performance of masonry heaters as a class and further defined as those designs that meet
the criteria outlined earlier in this paper. Using a variety of test procedures, fueling
protocols and fuel types, emission measurement methodologies, laboratory and in-situ
measurements, the resultant average particulate emissions have ranged from 1.4 to 5.8
grams of particulate per kilogram of fuel burned. The average of the averages for this
data is 2.9 g/kg. Again, the current AP-42 emission factor for masonry heaters is 2.8
g/kg. Note: We have not included the emission results for the Russian Heater cited in
Reference B (Attachment 9). This heater was constructed by a mason inexperienced and
untrained in masonry heater construction and the emission performance is considered as
an outlier when compared to all other available data.

The low average particulate emissions from masonry heaters combined with the small
number of annual installations justifies allowing masonry heater installations to continue
without imposing undue burdens on the installers of these appliances. The cost
associated with testing individual masonry heaters is simply prohibitive and does not
represent a needed expenditure to protect air quality. Another means of satisfying air
quality regulators is appropriate in this case.

Recommendations

Masonry heaters as a class should be accepted by EPA as clean-burning and EPA should
give the appropriate guidance, in the form of a letter from the Office of Air Quality
Planning and Standards, to state, local and tribal air quality regulators. That letter should
recommend allowance of the installation and operation of qualified masonry heaters in
PM-impacted areas as a viable strategy for PM reduction from Residential Wood
Combustion (RWC). We suggest that the current AP-42 emission factor of 2.8 g/kg
continues to be representative of the expected performance of masonry heaters as a class.

Qualified masonry heaters are defined as those in conformance with the masonry heater
definition included in this paper.

Conformance with the specificd masonry heater design parameters should be confirmed
and documented by an independent third party laboratory for each masonry heater design.
This would be an engineering evaluation based on design drawings provided by the
masonry heater builder or manufacturer. The conformance report would be applicable to
each heater that is installed in accordance with the conforming design. Additional
affirmations by the masonry heater installer or builder that the design as built in the field
is in conformance with the design drawings could be considered if needed.
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Attachment 1: Reference 1 — Excerpt from Federal Register

5864

Fedml\Rugislel: / Vol. 53, No. 38 / Friday, February 26, 1988 / Rules and Regulations

firebox, EPA believes that it may atifl be
possible for circumvention o occur. In
such cases, howevaer, it wouid be the
cotisumer rather than the fireplace
manufacturer who would be held
accountable for making an afizcted
facility. For example, if 4 homeowner
instalts an enclosurs on his new
fireplace and if this enclosure reaults in
the facility meeting the four criteria that
define a “wood heater,” this homeowner
has “manufactured” an affected facility.
Ag nated betow, homemade or hand-
built wood heatars are not exempt from
this regulation.

Az explained on page 4958 of the
proposal preamble, the standards would
apply to homemade woodstoves. One -
commenter stated that homemade
woodstoves shouid be exempt from this
regutation because homemade -
wuoadstoves are ased primarily by the
poor to provide inexpensive heal.
Several other commenters favored the
regulation of thege appiiances because
of the reiatively large number of such
stoves, their impact on the environment,
the potential for future circumvention if
they are not controlled, and the
potential sales that will be lost by
manufacturers of wood healers who
have incurred the additional expense of
complying with the regulation.

In response to the comment that
homemade staves shouid be exempt
hecause they provide inexpensive heat
for the poor, EPA bLelieves that although -
the initial cost of a homemade stove
may be lesa than a mass-produced
manufactured woodstove, because it ix
assembled by the homeowner with some
homeowner-supplied parts, it may likely
be leas durable, less efficient, and lesa
safe—all of which may make it more
expensive in the long run. Even if
homemade stoves ware to have lower
life cycle costs, the lowered costs would
not outweigh the environmental costs of
exempting thern from the standards.
Fipally, it should he noted that for those
whao cannot afford the initial costs of a
naw certified wood hester, this
regulation does not restrict the sale of
second hand stoves. The second hand
stove market is a major source of
inexpensive wood heating appliances.

The EPA agreea with the commenters
affirming that kit stoves be regulated.
One estimale indicates thet homemade
waood heaters comprise § percent of the
market. Most of these are belleved to he
kit stoves. A kit siove {2 a type of woad
heater that someone other than the
commercial mamefacturer completas or
alters in a way as suggested by the
‘manufacturer. A kit stove may or may
net include all of the components
nenessary to construct the epplisnce,

but does include plans, designs, and
assorted hardware (e.g., door. legs, flue
pipe fittings}. Often, the consumer
supplias a steel drum which becomes
tha firebox for the stove.

The EPA believes that manufacturaes
of kit stoves should be subject to the
cerification requirements as are the
manufacturers of fully assembled wooed
heaters. Therefore, EPA is reguiring that
kit stove manufacturers have their
designs certified. For those designs that
are certified, the kit stove manufacturer
would include in the kit any necessary
hardware for assembling the emission
controls {e.g. a catalytic combustor and
azgociated equipment auch as flame
impingement shields and a temperaturs
monitaring port), appropriate iempotary
and permanent labels, and the owner's
manual.

Because some of the [abrication of the
wood heater occurs at the retail or
consumer fevel, EPA requires that kit
stove manufacturers submit a kil, rather
than a fully assembled wood heater, o
the aceredited laboratory for
certification testing. Ta approximate
more closely the guality of fabrication
that ogours among consumers,
labaratory technician, using only the
instructions and designa available in the
kit, wouid construct a wood heater uging
the materials in the kit and the type of
firehox (e.g., size and quality of steel
drum) specified in the instructions. if the
instructions allow the consumer to
subatitute different components {a.g.,
different sized ateel drumaj, each
variation that could affect emigsions

- would constitute a different medel and

require separate ceMification.

The EPA is aware of at least ane
manufacturer of wood heater kits who
sells catalytic combustors as an
accassory, This same manufacturer has
his stove designs sefety tested and -
provides labels indicating compliance
with the U.S, Consumer Product Safety
Commission safety testing requitements.
Therefore, the approach described
above would not represent a significant
departure from exigting practice. As
suggested in the proposal preambile, in
view of the emissions impact and the
potential for ¢ircumvention if kit stoves
are exempt from this reguletion, EPA
believes it is reasonable that kit stoves
ha covered by the regulation and that

" the manufacturers of the kits be

responsibie for having their designs
certified,

A, commenter asked for clarification
of the applicability of the standards to
sa-called "Rusgian stoves” or “Europea
tile stoves.™

The 800 kg cutoff was established as
an easy meuns of excluding the high-
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mass fast-burn wood-burning appliance$
known ag “Russian staeves™ or
“Eurcpean tile staves.” These devices
typically aperate at hol, fast burn rates
and cannof be damped. [ i3 aiso likely
that they are incapable of meeting the 5
kg/hr minimum burn rate. The intent of
the committee was to exempt from the
standards these appliances which rely
on clean-burning air-rich conditions and
which have kigh combustion
efficiencies. [t should be noted,

however, the exclusion does not apply
te appliances which exceed the 800 kg
threshold only because of masonry or
other materials which are not soid by
the manufagturer as integral parts of the
appliance.

Two manufacturers of wood-fired
cockstoves requested an exemption
from the standards for these apphanre
types because the design principies for
room heaters and cookstoves were
significantly different and because
cooksloves comprise a very smail
raction of the wood heatar market.

The EPA agrees with the commanters
whao recommend excluding cookstoves,
The operational characteristics of
cookstaves have not been shown to he
compatible with ths demonstrated
technologies analyzed in this
rulemaking. Also, the number of
dogkstoves is very small relative to ail
othar wood heaters. Therefore, the
promuigated standards exempt
coskstoves and include the defirition of
“cookstove” recammended by the
WHA. with one modification as noted
below. The design features necessary to
be defined as a cookstove include: {1]
An oven with an oven rack; {2) &
mechanism for measuring the
temperature in the oven; [3) a flame path
which is routed around the oven: (4} a
shaker grate: (5) an ash pan; (8} an ash
clean-out door below the aven: and {7}
the sbsence of a fan and/or heat
channels to dissipate heat from the
appliance, The finai standards include
one modification not recommeanded by
industry. To qualify, the appliance must
have a minimum oven size of 0.028 cubic
meters (1.0 cubic foot]. This is smaller
than the oven sizes of bona fide
cookstoves currently on the market, but
large enough to discourage
circumvention of the standards by
simply adding a small cavily and calling
it an oven.

One commenter asked whether a
cempany that produced fewer than 2,000
sioves per year conld purchase and
produce a stove design from a large
manufscturer and still be entitled to the
1-year exemption as a smail
manufacturer. This same commenter
asked whether & gualifying smail
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Attachment 2: Reference 2 — Cover page

Houck s

EPA-456/2-92-002

"TECHNICAL “INFORMATION DOCUMENT
FOR RESIDENTIAL WOOD COMBUSTION
BEST AVAILABLE CONTROL MEASURES

U.5. Environmental Protection Agency
Office of Aiy and Radiation
Office.of Air Quality Planning and Standards
Research Triangle Park, North Carolina 27711
( September 1852

U3 EPALERATY REom 10 paree

TR

RXDO0OD395y
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Attachment 2: Reference 2 — Excerpt

2.4 ALL NEW WOOD STCVE INSTALLATIONS3 EPA-CERTIFIED,

PEASE II STOVES OR EQUIVALENT (
This integral measure recommends that stoves not be
allowed to be installed which are (1) not certified by EPA to

Phase II enission 1limits or (2) cannot document (through
nin-home" field testing data) emissions equivalent to or less
than "in-home" field test emissions of EPA-certified Phase II
stoves.? The intent of this requirement is to prevent the
sale or resale and installation of non-EPh-certified stoves
and the resale and installation of used EPA-certified Phase I
stoves. The program should reguire that when homeowners
intend to install a new or used wood stove, they file a form
with the implementing or lead planning agency and swear in an
affidavit that the stove is EPA-certified to Phase II emission
limits. The implementing or lead planning agency should be
responsible for processing the forms and affidavits and
checking the brand name of the proposed stove installation
against a list of EPA-certified, Phase II stoves {and their
equivalents). Properly trained and qualified inspection (
personnel should conduct random surveys of stoves in homes to
confirm compliance.

The implementing or lead planning agency should make the
public aware of the requirement for stove certification, the

3New installations should include both "brand-new" stoves
and fireplaces and "mew-used" units (i.e., newly purchased
units that are not "brand-new").

45ee memorandum clarifying nature of RWC guidance and
describing procedure for entities seeking enission reduction
credit for RWC devices not certified by EPA but which can
denonstrate comparable or lower emissions through field
testing.  Process includes consultation with EPA’s Office of
"Research and Development on appropriate in-use testing methods
and procedures (Ref. 1). For example, EPA has recently
reviewed in-home field data for certain masonry stoves tested
during the 13%%1/92 heating season and has accepted the
resultant emissions data for use in SIP-related activities
(Ref. 2}.

2-10 September 1992 (
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Attachment 3: Reference 3 — Renner Memo

12-18-1931 12:53  OMI Enwironmental Sves, SE3 SZe 280 P82
senme MDEC 17 081 33123 MR JOAN CROUCH  208-278-3865 2 "“‘"“"“"‘“"“"———~¢’ 7 Rl
i o tIr.,& Post-lt™ trand fax tranamﬁtiﬂmtmé‘feh r
N UNITED STATES ENVIRONMEN 7
{ %, Office of Air Quality Plar ‘g‘éi” =
’i,. & Raesearch Triangle Park, b
a Dlagt.

’-[ pADIY

September 23, 1501

L _

' SUBJECT: Interpretation of EPA‘s Guidance for Rasidem al wci:ad"
combustion Emlgsion Control Measures

FROM: . ¥rad H, Renner, Jr., Acting Ch*efxaydzt'
: 502/!?&::‘1:5.::&1&1:3 Matier Prograns Bram,n, AQHMD -

- TOY chlef, Alr Branch
Regiong I-X

In Septenber 1989, the U.3. Environnental protecﬁion L cy
(EPA) issued guldanca for gontrolling wood smoke emimsions f on
rosidential wood oombustion (RHCY Iln a document antitled
Rocument. for Residential Weod Combustion Hmlssion Cohtrol
Measures (EPA=450/2-89-015). The document was issued as =z
recommendation to State and local agencies developing wood smoks -
control prograng and hnot to prevent such agencies from
consldering othar wood smoke control deviges or measurss not |-
discugsed in the document. Howavey, it.has bean brought to BPA’s
-attention that, despite its purposs, the guldance has in son
eages been construed as restrictive and exclusionari in mmtude, -
The purpese of this memorendun is to clarify DPA‘E intent baling ’
{zauing thie gquidance and explain what documentation EPA expants
in evaluating contrel measures disgussed and not diﬁuussad in the
quidmceo e o

: Tha nonexclusionary nsture of the guldance dbdﬂhﬁﬁk‘ié T
smbodied in EPA‘s policy ‘regarding RWC snmission reduction crddita
a8 s¥plained in Chapter 1.0 of the guidance document. To
relterate, the emimsion reductieon credits recowmended in

" Appendix ¥ of the docunent are only suggaated and shdula thug be
consldered atarting points in =sgessing the effectivensss of |RUC
sontrel programs and regulatlons. Any application for credit in
a State implementation plan ($XIP) must be accompanied by a
justification in the implementing agency’s specitic program g
regulaticon. For instance, for a mandatory curtallment progrdnm to
receive & 50 percent wood stove oredit, 1t should conbain
documentation in the sSIP that the implementinq agancy hag
addressed each of the elements degoribed in Table 3-9 of the
document. ALl gqredit applications in SIP’'s are, of couras,

Bubject to EPA review to ensure the credit level is juBtt!ia . -
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127488991 12:84  OMNI Environmsntal Sves. 83 Sz2e 2685 P.E3

In their SIP’s, State and local agengies can also reguaesk
oredit greater than that recommended in the document, as walll as
credit for measures not included in the document, Coptrary tp
how the RWC guidance document may, in some cases, ba interpreked,
EPA will consider well-supported reguests for credit for wood
burning deavices nhot listed in Table 3-1 and Appendix F of the
docunent. Merely becausé a wopdeburning device is not Epa-
certified does not nean it does not meris emission reduction
¢redit and, hence, status asz a device that burns more cleanly
than a conventlonal wood stove. To obtain credit, however,
proponants for such devices nust provide justification for cr
to be granted in the spame wanner as the davices currently listed
in the guidance dooument (e.g., EPA-cartified Phase IXI cordw
and pellet stovas), as described below. ‘

LI+ 198

The suggestaed gredite ourrently in the guidance dcoupent| for
the ¢onverslion of conventional wood estoves to EPA-cartified
catalytic, noncatalytic, and pellet stoves ars based o al
st data documenting the emissions reductions assoclated Wit
the different advanced wood-burning technologies. Therefora,
IP credit is sought for conversion to wood heaters hot lista
the guidance docunent [including wood heaters determined to
‘mot affected" by EPA’s wood leater new source perforsange
standard definition (mee 53 Federal Register February 26, 1988)
and hence exempt], the reguest ghould be accorpanied by a
justification based on emission reductions documented throug
Win=-home" field testing (versus laboratory tastin?). The EP.
recommends that tha field testing employ an emieslons sampli
and data-gathering technigue that is reviewed by EPA prior t
start of testing. . B

iz
in

- V-

1f EPA finds that field test data indicate 2 wood=burni
device not currently iisted in the guidance docunent is clea
purning relative te conventional stoves and, therefore, wary
eniosion reduction credit, depending on its emissions
perfornance, that stove may be afforded status similar to th
an EPA-certifiad stove with demonstrated emissions signific
lower than that of conventional atoves., That s, EFA will
approve contzol strategles undet SIP‘s to the extent of -
demonstrated emission reduction credits for such devidss,

In~use testing to sstablish emission reduction potential
should be conducted in accordance with valicd procedures
astablished in consultation with EPA’s Air and Energy Engina%ring
‘Raegwarch Laboratory within the Q9fflce of Research and
Developmant. Should you be contagted by an air peliution control
agency or by any other entity sesking credit for devices that
have not already been gubject to in-use testing, pleasa refer
them to Robert MeCriliis at 919/541-2733.
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" If you have mny questions regarding this clarification,]
please contact Chris Stonewan (PTS 629-0823). _ o

Attachment

co:  Bob Lebens, 83CD
Vickis Patton, 0OGC
Baob MeCriliis, ORD
Gwen Jacobs, AQMD
Chris Stonaman, AQMD
Eric Gingburg, AQMD
HM«1l¢ Contante, Regione I-X

EEI 1 MY
b}
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Attachment 4: Reference 4 — McCirillis Memo Excerpts

DH03/08 1E: 358 a6 541 2137 EPASAEERL-RTP,XC ) . @ocy

1 1 =
ST ol m b
o b UNITED STATES ENVIRCNMENTAL PROTECTION AGENGY t U E
F OFFICE OF RESEARCH AND DEVELOPMENT el 3 N ThE
g £ AR AND ENSRGY ENGINEERING AESEARCH LABORATORY ! RARCE 2
% c@' RESEARCH TRIANGLE RARK, NOATH CAROLINA 27741 I T
Qk RO ,2 L ‘S:u Lq\ .? E-Z
LY
Z
DATE: May =, 1982 > ol 1T

Eoip oz

: g E

SUBJECT: Masonry Woond Heater Fileld Performance Data

e
EROM: Robert €, MeCrillis|
Organics Contrel Bra

_ §
FAX TRANSMITTAL
?E f
)
~5 3
KOG i

i

& -
TO: Bavid Wokley 5 g.%m
Chief, Emission Inventoxy Branch (MD-14) 5l nls
~ = b
QROPS z alh =
- y i —
THRT: Wade Ponder z 0.0
Chief, Organics Control Branch (MD-51) T OILHE B8

This memo transmite to you my evaluation of tha test results
ohtaired during the 18%1-32 winter on masonry wood hsaters.
Masenry wWood heszters are exempt from EPAR regulation under the wood
heater NSPS beczuse their waight ewceeds 800 kg. Scme are alsc
grempt becanse thelr air to fuel ratio exceeds 35:1. EPR
established z precedurs’ wherein manufacturers of exsmpt wood
burning devicss ¢ould have theilr products tested in the Iiseld using
methods acceptable to EPA. EFA then would publish the results for
the state and local reguiztory agencis&s’ use in preparing 5IFs.

Four magonry heater manufacturers and one factory built
fireplace manufacturer decided to take advantage of this
opportunity and contracted to have their devices field tested this
past winter. I was asked by OAQPS teo review the test procedures
used and determine if they were, in my judgement, acceptable to
ZPA. The mascnry heaters were tested by OMNI Environmental :
Servieces, Tne. and the fireplace by Virginia Polytechnic Ingtitute
and 3tate University.

In my Judgement, the procedures used by OMNT were acceptable
to FFR. 7To provide an independent review of their procedures, I
asked Judy Ford te provide QA oversight az if this were an AZERL-
funged project. Three zudits were performed by Research Triangle
Institute (RTI:: Laboratory Technical Systems, Laboratory
Performance Evaluation, and Fieild Techniczl Systems and Performance
Evaluetion. 211 rhrese audits received the rating "acrceptable with
qualifications™. fhis rating 1s next to the highest (hest)

i, Memc, F.H. Renner To Chief, Air RBranch, Reglens I-X,
Septemtier 23, 1881,
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possible rating. This rating means®:

wMintmum criteria are satisfied and good data qualiiy seens
1ikely; qualifications on the possible Limitetions ¢ the dats
are notad and some cerreciive actions may be regommendsd. The
racommendatrisns may be implemented at the Projest Cificer’s
diseratiorn. ™

Several of the more significant recommendatlons were ilmplemantad
and are reflectsd in the results in the £oilowing table.

Masonry heater fisld tast data - 185%1-92 hsating seasoen,
FMIC HWood
Hestes MS5HE  Buwnrate o woe  Efficiency Species/
Bxand kg P T a/kg qrRg % % moisture
Grundafan 1.62 110 51,00 0.3% 59,70 DE/Z20%
Crawn Royal ZCDO 2.08 G.21 59,10 65.40 Aldex/20%
Bisflzre X3 2.39 o.a5 72,00 34,00 BF/18%
Teldikivi RKTUZ100 .39 0.41 107 .04 25.00 DR/ZD%

The PM10 wvalues have been convarted to EPA Mathod SH (M3E)
eguivalents. Under wood species, DF means douglas £

The procedures wsed by VPI were alsc acceptable to EXa, in my
judgement. RTL is in the process of reviewing ¥PT/s input. AEERL
performed edtwasive audits of VEI during the 1958-90 heating season
vests in Crested Butte and fsund their procedures acceptable.

Since VPI used hasicallv the same procedures and the same field
personnel this winter, I feel confident in their resulus. As far
as the fireplace results are pencerned, however, all this is mute
sinee the enission rates werxe much higher than hoped s¢ the
manufacturer (Majestic) has asked that they not be disclosed.
AEERL is currently testing one of Majsstic’s "low amission"
fireplaces in our laboratory. To date, results look quite good. T
do not know why the f£ield data came out high excepr that Majestic
teld me the homsowner operated it at 2 very low burnrate. This
fireplace incorpcrates the secondary combustion technoleogy in the
petter noncatalytic woodstoves; 1f not operated hot encugh,
however, they produce high enrissions. At the eppropriate burnrate,
the fireplace consumes wood at a rate in the range of 4-6 kg/hr.
Perhaps the homeowner did not want to use wood at that rate.

I am attachine copies of the individual masonry heatar Lest
raports. I racsived these from the manufacturers and there was no
mentiocn of the reports being gonfidantlal.

ce (with attachments): Chris Stonsman (MDR-15}
HMichasl Hamlin (MD-14)

2. BEERL Quality Assurance Procedures Manual for Preject
Officers.
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Attachment 5: ASTM E1602-03

Standard Guide for

i Arenzan Natonal Beidand

Construction of Solid Fuel Burning Masonry Heaters®

This stairdsnl v Bind wnder the fnsd decgnation £ 1602; e pumber mraeduteiy following te daagnition mdeabas the your of

g med adophort: of, I the oass of revisia, the year of last vt

£ peber w parentheses mdiewes e year of lustrespproanal &

aipereaript epsidon () mdicutas xn sditerial changs sines tie Jast r=uision o reapproval

1. Scope

1.1 This guide cavers the design and construction of solid
fuel burning masoney heaters. It provides dimensions for site
constructed masoiry heater components and clearances fhat
have leen detived by experience and found to be consistent
with the safe installation of these masonry heaters,

1.2 Vahes given in ST units are fa be regarded as standard.
Inch/pound urits may be rounded fee IBERASTM SI-100. All
dimensiens are nominal unless specificslly stated ciherwise,
All clearances listed in this zuide are actual dimensions.

1.3 This guide applies to the design and constuciton of
masonry heaters buill en-site with fhe components and mate-
rials specified herein. It does not apply lo the congtruction/
installation requirements for compomeni systems that have
been safety tested and listed The reguirements for listed
masonry heater systems are specified in the mamdachrer’s
installation instruclions

1.4 The design and consuction of solid fuel buming
muasonry heaters shall comply with applicable building codes.

2, Referenced Trocuments

2.1 ASTM Stodards: 2

C11 Terminology Relaiing to Gypsum and Relaied Buitd.
ing Materials and Systems

C 43 Teminotogzy of Stroetural Clay Produets

C 71 Termmnology Relating to Refractories

C2% Specification for Martar for Unit Masonry

C 401 Clagsification of Alumina and Alnmina.Silicate

Castabie Refractories

E 136 Test Method for Bawvior of Materials in a Vertical
Tube Furnace at 7304C

TEBE/ASTM SI-19 Standard for Use of the international
System of Units (S1): The Mbdemn Meiric System

2.2 UL Standeards:

P Thes guide 9 undar the jurisdiction of ASTM Commites T06 v Perfonmance
=f Eviidngs snd 13 the direet reapouah ity of Subommmetse Bow.54 @ Sokd Fual
Bummng Apphoatizag.

Crerent editvm approved D2 |, 2002 Iuvdiched Movember 2002 Ongiuadly
ubhéiad a5 B 1602 —24. Lagt previeus sdteon B bal

* et reforenced ARTM strdards, vist the ARTM mebate, www sstm g, or
wontzst A5TM Costater Servioe at servicedlashn. g For Spnunl Bovk o[ ASTHM
Rtandards volume informearin, refet #o the stapdard s Document Swwmary page oo
s ARTM websie

VL. 193 ChEnnevs, Factery Built Residertial Type and
Building Heating Appliances®

A, Terminology

3.1 Temas wsed in this guide are as defined in Terminology
C 11, Definitions C 43, Terminology € 71, and (assification
<461,

3.2 Derinitions of Termes Specific to This Standard:

32.1 approved—acceplable to the avthority having jurisdic-
tion

3272 outhority having furisdiction—ihe organiziation, of-
fice, individual, or agent thereof, who is reeponsible for
approving construction, materials, equipmery, instaliation, pro-
cedure, and so ferth. In most cases in which a building permit
i5 required, the authority i typieally the building official or his
agent. Where a building permit iz not required, the authority is
typically fhe owner or his ageni.

3.2.3 hypass domper—a valve or plate that provides a direct
path te the chimney flue for the flue gases or portion thereol

3.2.4 capping slab—s horizontal refrastory barrier coveling
the top of the masoury heater.

32.5 slemmow! opinting—an access epening in a flue pas-
sageway of the masonry heater or chimney that is designed to
allow access o fhe flue for purposes of inspecting for and
removal of ash, soof, and other exfranecns matter that may
become irapped.

3.2.6 domper—an adjustable valve or plate for controlling
deaft o the flow of gases, including air. :

327 firchox (firechamberi-thnt portlen of the masonry
heater that is designed for containing and bursing e fiel
charge. .

3.2.8 gas slof~-a small fived opening that provides a bvpass
for unburned fhue gases, and & & oritical safely festuwre in
certain masonry heater Jesigns (name ly those of ihe Grundofen
type with vertical flue rans) {gee Fig. 1, Fig. 2, Fig, 3, and Fig.
£).

3.2.% hiearth extension—ihe noncombustible smfacing ap-
plied to the floor ares exdending in front of and beyand each
side of the fuel loading door of the masonry heater; also applies

* ateatlabde from Urdeesarier e Labernanes, 23F Pnggten Foad, Forhlzack,
1L sz,

SRpTEN € AETH Enternabional 190 B Hahot Drivs, PG B CF0C, Wedt Canshonoidom, PA HFE-24E Uniles Stakes
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FiG. 1 Vertical Chanrel
Masanry Heater
{Russian)

1, Aatbox

2, Agh Drop

3. Capping Slab

4, Chimney

3, Claao-Oul

& Corbustion A¥

7. Downdraft Chanpe!
8. Exhaust Gas

4, Expansion Juint
105, Exferor Wall

41. Fiabox

12. Fughloading Qapr
13. Gas Skt

14, Higarth Exigrsion:
5. Healer Base

{6. logutafion

17, Shin-Oft Dampar
1%, Updralt Channe!

£ £ 1802-03
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4y 160203

FIG. 2 Horizontal Channe! Masonry
Heafer {Russian)

A
15)

6 Combiston A
7. Extausl Gae
8. Expansion ol

9. Exdefior Wak g ®" Lot t5D)

41, Faecariey oot ' -
2, s Skt \ ® 15
13, Heash Exlension ) ™

14, Healer Base
15, Htzatd Chared
18. nsulaficn

1. Wbmper' . @
&
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FiG. 3 Combination Vertical and Horizontal
Channel Masonry Heater (German)

1. Capping Stab

2. Clean-Om

3. Combustion Air

4, Downdraft Channgt
5, Exhaust Gas Quflst
6. Expansion Joint

7. Exterdar Wal

8. Firebox

8, Fuek-Luading Door
10, Gas Slot

11, Hearth Extension
12, Healer Base

13, Hovizondal Chanmst
14, Updrafl Channel

.

5

L

@ .

10 the figor beneath a masonry heater ar beneath an elevated
wverhanging masonry heater hearih.

3.2.10 masonry heater base-—that portien pf the support for
the masonry heter, between the masenry heater and the
foundation, that is Below fhe firebox or the heat exchange
areay,

3201 Beat-exdgnge flug ohannei—a chamber o1 passage-
way between the firebox and the chimney fiue in whick heat
resnlting divect]y from combustion of fuel is transferred to the
snrounding masolwy.

3212 kechel—a Fywopean ierm used to describe a masonry
hieater tile; a refractory ceramic tile sdended for the euter wall
of a masonry heater that is designed specifically to store and
rransder beaf.

3.2.13 fsted—equipment of materiale ncladed i a list
published by an erganization concemed with produst evalua-
sioh aceepiable to the avthority having jarisdiction 1o condust

periodic inspection of production of listed equipment or
materials and whole listing states zifher that the equipment ar
raaterialy meet appropriate standards or have been iested and
found switable for gse in a specified manner.

3214 nrasonry freotar—a vented heating svstem of pre-
Jominantly masenry constnwtion having a mass of ai keagt 8040
kg (1760 bs), excluding the shimney and masonry heater base.
In particular, a masonry heater b5 designed specifically to
capture and store 3 stbstantial portisn of the heat energy from
a solid fuel fire in the mass of the masonry heater through
internai heat exchange fine cliannels, enable a charge of selid
fue] mixed with an adequate amount of air to burn rapidly and
mare completely at high temperatwes it order to reduce
emission of unbuned hydrecarbons, and be constucted of
safficient mass and swface area such that under normal
operating conditiens, the external sarface temperate of the
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Bore—Clematsas form warbisible wadlls or framing may be 16dnoed with an soiinased protestion systemn, viler thay in Donrof Febleading dos

FIG. 4 Clearances o Combustibies

0 It (4 6 COMBLUSITE i SO TRasery TeR o

(2) 200 mm {8 ik e caling

133 200 ramm (5 Y mirisu extenl of sics walt hest shied above

firgta door

(43 30 M {12 M naann DEBOAT (iG]}
5} S0 mem (20 mi § Baanh atansion {irant
() 1204 M (4B i § e TonT of RaenioBinig 400 f0 COMBUSHe

framing

{73 et of mandaony e Shigdt i rost of mai-avy hedter Te

hegtar o
18} Futz
Ty (B4
120 mm (B! §

inasonry heater fexcept in the region krniediately surrounding
the fiel loading dooriz}y, does nict exceed LIIVC (23057

3215 mortar, mesonry—amishure of cementitions materi-
als {eonsisting of Portland or blended cement and lydrated
lime, masonry cetnenil, masonry cement and Portland cement,
or masgmey cement and blended vement}, fine aggregate, and
afficien water 1o produce a workable consistency {see Speci-
fication € 276

Uy Ahon alaarante Mo ComEARTIMG Miatngl om sl ket
33 + (Wi s o8 bt 1o i {43 n.)

FARL {4 ) IO pieanarton fTORT gide wat M inseonty
at shield $F Lssay of combustible framang

o fuet-doadng dpors 16 51k wal of mazonar haser
9) The sim of thase mus! be greaer han or aquaf to

3216 mariar, fire cloy-—mortar consisting of fne aggregate
and fire clay ay & binding agent.

3217 martar soapstore refractory—a mixiure of pow.
dered roapstone and sodium siticute.

3218 roncombustible materigl—a material that, in the
form in which it i wved and under the conditions anticipated,
does net immnite, e, support combustion, or release fam-
mable vapors when subjected to firs or heat, Materials reported
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FIG. 5 Contrafiow Masanry Heater

{Finnish}

7. Combushion A

8. Dowrsiratt Channgl
3. Exhaust Gas

10, Expansion Joiaf
1. Exterfor Wak

12, Fiebox

13, FuekLosding Door
14. Hearth Extansion
15, Heater Base

" 18, insidlation

as passing the requirements of Test Method E 136 are, for the
purpese of this guids, considered nongcombustible.
3.2.19 soopsiene—a variety of rafural stone (hydeated silica

17, Shut0F Damper
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3220 wing wall-—a noncombmstible lateral projection from
the extezior wall of a masorxy heater for use in bridging the
space between 4 masorry heater and a combustible part#ion

of magnesiin) fhat ¥ smitable for high-temperature applica-  wall,
tions in masonry heaters,

“h
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FiG.8 Five Channel Masonry Heater

{Swedish)

1. Capping Skb

2. CleanDut

3. Combushion A

4, Dowsedrafl Channel

§. Exhauct Gas Qutfat

§, Expansion Joil

7. Exterior Yol

8. Flhabox

9. FueMLoading Boor

0. Gas Slat or Bypass
Damper

11, Hearth Extension
12. Hoater Base
13. Incutation

14, Updraf Chanae!

4. Significance and Tise

4.1 This guide can be azed by code officials, architects, and
wher interested parties 1o evuduate the design and construciton

of masonry heaters. H is not resiricted to a specific method of -

construction, nor dees it provide all specific details of con-
structien of & masonry beater This gnide does provide fhe
principles o be follawed for the safe construction of masenry
heaters.

4.2 This guide & not intended as a complete set of ditections’

for constraction of maserry heaters.
4.3 Consiruction of masonry heaters is complex, and in
arder to ensure their safety and performance, construction shall

be done 1y or vnder the supervision of a skilled and experi-
enced masonry heater builder * -

5. Requirements

3.1 Foundation—Masonry heater fonndations and founda-
fien walls shali meet local building codes for standard masomy
fireplaces and shall be designed with consideration given ta the
mass and size of the magorny hentsr,

32 Clearqnee fromm Combustibies—{Neazances shall be in
conformance with thie section, as lasirated in Fig, 4,

*The Marorey Heater Avscoistion of Herd Amenan, 1257 Steck Favmn fosd,
Randelph, VT 25060, web cive: hitpifwrwsmha-netorg, 15 me aganabvon that
opreseans o bedy of Bjewladys on masdsy hmtsr emskachon and qualiied
nilders.

“The Magoury Produats (anens of the Heark Producs Asseaarton, (0L M. Kan
Strowt, Sutte 1001, Arimgten, VB 22309, wek amfe: btipedrore hearthassonarg, ¥
another orgagmation that seppssents both manufactarars and ouakified baddsrs of
mirory heaters
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3.2.1 Clegranee from Fawdation—All combustible strue-
ural framing members shall have a clearance of not less than
36 man €2 in) frem the masorry heater foundation

520 Clegrence from Fuel-Loading Daor-—Maitain a
minknant charaise of 200 mm (98 in) from combustible
maierials to fuel-boading doors, unless an engineered proteg-
tion systemn as specthed I 3221 ds provided, except for
clearance divectly in front of fel-leading doors. A muinimum
clearance of 1200 mm 48 in) shall be maintained in frordt of
fuel-foading doors, This dimension shall not be reduced for any
feaRcn.

5221 Clearance from fuelloading doors to combustible
materfals nsay be reduced, ofber than in front of fueldoading
doars, if the combustible material is protecied by an engineered
protection system acceptable fo the authority having jurisdic-
tion, Fngineered systems instalied for the protection of com-
bustible material shail Himit the temperatare of the combustible
material to 30°C ($0°F} above mmhient femperature, Systems
shall be designed opon applicable heal tiansfer principles,
iaking into acconnt the geometry of the system, the heat loss
characteristivs of the stmcture behind the combustible material,
and possibke abnormal operating conditions of the waseary
heater

52.2.1.1 When an enginesred protection sysfem s used to
mdee the perpendicalar clearanee from fuel-loading doors, it
mest extend a minimum of 204 mm 8 in} above the
fuel-toading doors or firebox opening. In addition, fhe sum of
the dimensions from the fiset-foading doozs, de dirtance fram
the heater o cowmbustivle material, and the length of the
protection system in front of e heater face shall be o less
than 1200 mm {48 in

523 Clewrance from Rear Side. und Front Walls—
Clearanice from 4 masomy heaier fo combostible structural
framing and other combustible maierials shall be not less than
100 mm (4 M), valess an engineered protection sysiem is
provided, or a protection svstem accepted by the antherity
having jprisdiction is provided.

52310 Clearance from a masonry beater to combustible
materisls may be reduced by the use of materisls or products
iisted for pretection purposes. Materials and products Hsted for
fhe puposs of 1edocing cleazance to combustibles shall be
installed in accordance with the conditipns of the fisting and
fhe mamilactrer's insmotions and shall meet the criteria of
Section 5.2.2.1.

3.2.4 Clarrance fom e Ceiling—The cleaance from the
mascnry heater capping slab to the ceiling shall be a mindmem
of 200 mm {¥ in}.

52.4.1 Extersions of Exterior Widhes ta Cailing—%hen
exterior maserey wythes of the masorry heater are canried 1o
the ceiling, inmlste and vent the top of the masonry heater
above the heat exchange channels to seduse posyible static heat
Ingibdup.

305 Wiy Wals—Wing walls may be added to 3 mascmry
heater and nsed as room partitions. Wing walls located at the
comers of & masanry heater for the purpose of ferming 2 room
divider shalf be a minimam of 100 mm (4 inj in length and a
maxinmm of 190 mm 4 n} in thickness and be constracted
with noncombustible malerials. Wing walls located miore than

200 mm (8 In.) from 2 comer of the masonry heater shall be a
mirtnum of 200 mm €8 i} in lengih and a maximom of 199
mm {4 in) in thickness and be constructed with nonecombusg-
tible materiaks.

3.3 Fhebor Flrar—The firshox foer shall be a mindmwan
thickness of 184 mm (4 in.) of noncomrbustible material and at
ieast the top 50 mm 2 in} shall be refactory material The
firebox floot or a portion thexeof may also contain a sast on
Zating.

5.4 Hewth Exionsion: .

5.4.1 Masonty heaters shall have heath extensions of brick,
concrete, stone, tile, or ofhet approved noncombustible mate-
rial properly supparted. Remove wooden forms used during the
conshuction of hearth and heasth extension once construction
is compleied

5.42 Closed Boor Fircbores—With a masonry heater Je-
sigred to be fiied with a closed deor of glass or metal, the
bearth extension shall be at Jeast S0 mm 20 in.} in front of the
facing matetials and at least 306 m (12 in bevond each side
of the masonry lieater opening. When a raised hearth of af Jeast
200 mm (8 in) i height i used and the hearth extension is
focaied at ihe base of the Juor the hearth extension can be
reduced to 400 oz 16 i) In fromt of ihe facing muaterialy,

343 Open Firebosas:

5.4.3.1 Where the firebox opening is less than 0.6 m® (6 i),
the hearth extension shall extend at least 400 mm {16 in) in
front of fhe facing malerials and at least 200 mn: (8 ) beyond
each side of the firebox opening.

5.43.2 Where the fisbon opening is 0.5 m° (6 £t} or lerger,
the hearth extension shall extend ai least 500 mo 20 in} in
fromt of the facing materials and at least 300 mm (12 )
bevond each side of ihe firebex ppening.

544 Where a firebox opening evethangs a fleor, the hearth
extension shall also cover the area beneafh the overhang and
extend bevend the firebox opening as specified in 5.4.2.

5.5 Cleanowt Openings:
ba:jl Chimney flues shall have a cleanow access at their

3.5.2 Hewt Exchange Chapnels— fhe desimn limits nataral
aceess, install cleanout openings or a means for cleaning all
chimrey flues and hieat exchange areas. 1fan ash dump or grate
iy provided in the firebox, provide a tight-fiting cover of
norvembusiible material, 3 wnn 45 in)) mingnaen thickness, a
thie base of the ash pit, Cleanout doors for the foundation shall
have a minitairn size af 200 by 200 mm (8 by 8 in). Simate
the opening te facililale inspestion, cleaning, and maintenanes
of the masory heater,

5.6 Ouside Combustion Air—When zequired by the local
building code, provide a duct with 4 minimum crpss-sectional
area of 7700 mw” {12 0.7} or equivalenl, When outside
combustion air iz required by the authenity having prisdiciion
the doet shall have a damper {hat can be folly closed when not
in nse. Materialy shall be non-combustivle and methods of
constiuetion shall comply with the requitements of the anthor-
ity having jurisdiction.

5.6.1 In applieations in which cutside air is introdwed
directly inte the firebox, the air Juct must enter the building at
a level below the firebox.
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5.62 Design ared position the air inlet to prevent live coals
from entering the air duct, To prevent rodents from entering fhe
air duet, cover the owiside entry opening of the duct with 4 6
mm (& in.} corrgsion resistant wire mesh,

N6.3 Ash Pit Facated in Foundgtion—When outside air is
introduced inte the firehox via the ash pit. introduce the air doct
through the upper region of the ash pit wail,

564 When outside air is introduced into the firébox,
constract the alf ducl from noncorbustitle matesials.

3.7 Head exchaitge chonnels:

5.7.1 Heat exchange channels shall be built with firebrick,
soapwone, o other refractery smaterisls [add in reffactory
maortar, fire olay momas of soapstone refractory mortar. Ma-
sonry nnits shall be laid with fall mortar joins.

57.2 Capping Slab—A capping «lab shalt be of at least 57
mm {24 i) in actual thickness above the uppermost heat
exchange shannels.

3.7.3 Gas Slor—When required, a gas slot shall have a
cross-sectional ares of at least %40 of the firebox floor area and
aheight of 3 mm {13 i) Refer te Fig 1, Fig 2, ¥ig. 3, and
Fig & for typical locations.

58 Shutoff Deamper(si—One or more shut-off dampers
may be installed near the juncture of the masonry heater and
chimney or i fe chimney. Bach damper shall have extemal
controle and be constructed of casi won or sieet of af keast 12
gaize, 25 mm (0304n) in thickness, To reduce the pessibitity
of toxic gases escaping into the room, the cross-sectional arex
of the damper’s apening shatl be not less than 3% of the
interior crosy sectional area of the fine.

3.9 Chirmney—Nent mastney heaters with a low-heat type
masoney chimney approved by the authority having jurisdie-
tioti or with a factory-butk residential type chimmey that meets
the requirements of 11, 103 H1L

5%.1 The chimmney shall not be supported by the nderior
walls of the maseney heater unless specifically desigied to do

" 0. The chimney can be built integrally with an exterior wythe

of the masonry heatex, provided the exterion wythe i vone
strocted of solid mazonry and has a minimum thickness of 164
mm (4 in.),

59.2 Flue sizes shall be in accordance with fhe design
speification of the builder or the designer of fhe masowmy
beater

5.10 Chimpey Connector—The chimney zonsector shall be
accessible for inspection and cleaning Chimpey connectors
shall be airtight and fited with aktiglt joints. Where differen-
tial movemaent can take place beinmen 4 masonry heater and
chimrey, make provision for this movement I such & way as
e mainiain the integrity of the connecior joints, Maierinls and
methods of canswuction shalf comply with the requitements of
the aughority having jursdistion.

&. Typical Masoary Heater Fypes

6.1 There are several different masonry heater types. Fig I,
Fig 2 Fig 3, Fig 5 and Fig 6 show the names and schematic
sections of typical masory heater designs.

7. Keywords

T1 brick; Contraflow; fiebrick: fire clay mortar; Grand-
ofery Kachelofen; Kakelugi masenry heater; mortsr; refic-
tory mortar; Russian; seapstone refractory mertar
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Environmental Services, Beaverton, OR, Report No. 020-S-06-3, April 29, 1999,

M. Tulikivi Oy: Model TU 2450 Emission Testing Report (Protocol Conformance with
Colorado Regulation No. 4), Tulikivi Oy, Juuka, Finland Prepared by: OMNI
Environmental Services, Beaverton, OR, Report No. 020-8-06-3, April 29, 1999

N. N1: Emissions Report, Swedish Kakelugn Style Masonry Heater, Built by Jerry
Frisch, Prepared by: OMNI-Test Laboratories, Inc., Beaverton, OR, 2006.

N2: Emissions Report, Swedish Kakelugn Style Masonry Heater, Built by Jerry
Frisch, Prepared by: OMNI-Test Laboratories, Inc., Beaverton, OR, 2006.
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and

Fireplace Emissions Research Coalition
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Curtis H. Stern and Dennis R, Jaasma

Department of Mechanical Engipeering
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and
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Santa Fe, M 87502

March, 1990
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EXECUTIVE SUMMARY

A standard test method for determining carbon monoxide (C0) ard
particulate matter (PM} emissions From masenry‘ heaters has been
developed. The method specifies the fueling protocol and taboratery
neasdrement procedures for determination af bﬁth emission rates (g/hr)
and facters {g/kg). The fuel load size and fug11ng intervals are
dependent upon the firebox vqumE'of the masoriry ‘heater,

The test starts with the heater at ambient teﬁﬁerature ;n& invoives
Five firings to -achieve -burn rates !m two rangé;j The -low burn rate
range, used for the first two firing;. {5 0.70-1.10 &ry kg/hr.  The high
burn rate range, used for the last three firings, is 2.10-3.30 dry
k9/br. Emission samples are extracted_from 3 d{1ut1an'tunne1 with a set
flow vate and configuration, ' PH' sampling is similar:to EPA Method 56
for wood stoves, (0 concentration {s measured by a nondispersive l
infrared (NOIR) gas -analyzer. The emissions vesults for each firing are
burn~rate weighted -accerding to EPA Method 28 to obtain the overall
emission totals for the test cycle.

The emissions were measured for a Grundofen and a Contrafiow type
masonry heater. The averages for tﬁe two heaters of the EPA weighted
average emission rates wers. 67 g/hr CO'and'l;é g/hr PH. . In a parallel
effort, 2 field sampler for masonry heaters was developed and tested in
the laboratory, The field sampler shows &ccéptable agreement with the
standard test method for O emissions, but the FM emissions results are

consistently high for reasons as yet unknown.
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In-Home Evaluation of Emissions
From Masonry Fireplaces and Heaters

Prepared for: Western States Clay Products Asseciation
3130 La Selva, Suite 302
San Mateo, California 94403

Prepared by: Stockton G. Barnett
OMNI Environmental Services, Inc.
10950 SW Fifth Street, Suite 160
Beaverton, Oregon 97005-3400
September &, 1991

‘80102-01

Page 33 of 72



A REPORT ON THE PARTICULATE EMISSIONS PERFORMANCE OF MASONRY
HEATERS February 13, 2008

Attachment 9: Reference B — Executive Summary

Executive Summary

White woodstoves have undergone extensive regulation for aimost ten years, fireplaces have only recently
begun to be reguiated, Capiualizing on the woodstove regulatory experience, this project was
commissioned by Western States Clay Products to be the first research project to obtain basic baseline
emissions data on masoary fireplaces and masonry heaters under real-worid conditiens in homes. Direct
comparison of resuits with previous fleld studies of woodstoves and pellet stoves can be made!

‘The main objective of the curTent project was to measure particutate and carbon monoxide emissions from
4 baseling of conventional fireplaces and a group of potentiafly cleaner-burpiog fireplace designs and
masenry heaters. Additionzl ohjectives were 1o evaluatz the effects of wood moisture urd ultitude on
conventional fireplace emissions.

To ensure widespread applicability for the Pacific Northwest and tight scientific control, the Portland,
Oregon area was chosen as the field area, Douglas 1ir was used as the fuel, and fuel moisture content wag
held constant at 20%.  All homeowners burned as they normally did and ro instructions on burniag
techniques were given. Five conventional fireplaces, two Rosin fireplaces, one modified Ramford design,
and wwo masonry heaters were avaluated.

The Automared Woodsiove Emissions Sampler {AWES), which kas been used extensively in fleld studies
of waodstoves and pellet stoves, was used to measure emissions. The samplers were operated for sevep
days in each home. Typleaily each bome burned their fireplace onge a day. Tests were conducted from
Decernber 1990 through March 1591, An additional test on one of the Rosins was conducted in June
199:.

The Lests provided information on how homepwners buen their fireptaces. For the conventional fireplaces,
the average burn ratz was 3.45 dry kg/he, the average burn cycls length was 4.3 hours, the average
number of wood lpads per burn cycle was 4.4, and the average wood load weight was 9.4 wet pounds.
Of these variables, the only one with 2 large amount of variation was the average wood lead weight,
which varied over a range of 3:1.

Masonry heater burn patterns were quite different. Average burn rate for the combustion period was 8.2
keg/hr for the Contraflow and 2.5 kg/br for the Jocaily built Russian unit.!  Average bucn lengths were
2.2 and 2.3 hours, respectively, and wood loads averaged 47 and 15 wet pounds, respectively. Both
heaters were burnad only once or twice per day as needed to heat the homes.

Particulate eniissions? from the qonventional fiveplaces averaged 24.9 g/kg, 82.7 g/hr, and 14.1 average
daily g/hr, These values are near the upper end of the range of results ip the literature, which comprises
mostly laboratory tests. CO emissions from the conventional fireplaces averaged 107 g/kg, 360 g/hr, and
64.5 average daily g/hr.

! This heater was built by a local mason who had oo prior experience in masonry heater design.

2 paricuiate emissions in this report are expressed in AWES units which are directly comparable o
all pravious field woodstove results. Values for EPA Method SH, the lab certification method, would

he 10-20% iower.

OMNI Environmente] Services. Inc. (B0OZBOL.OIT) it
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Emissions from the Rosin freplaces were generally less than 50% of those from the conventional
fireplaces. A wtest indicated that the g/ky difference was significant at the 98% probability level,
Particulate emissions averaged 10.4 g/kg, 33.2 g/hr, and 9.5 average daily g/hr, CO emissions averaged
52.5 gfkg, 158 g/hr, and 47.3 average daily g/hr.

Emissions from the Contraflow masonry heater were about half those of the jocally designed and built
Russian heater. Contraflow particulate emissions were 3.6 g/kg, 45.7 g/hr, and 5.6 normalized average
daily g/hr. CO emissions were 41.0 gfkg, 336.8 g/hr, and 31.0 normalized average daily gihr.
Emissions from the locaily designed Russian unit were about twice as high. :

The farmat in which emissions results are presented is of great importance. For example, use of different
formats can resull in as much as an &:1 difference in comparative emissions results. Grams per howr
{which is used for woodstoves) is considered the poorest representation of fireplace/masonry heatet
emissions because these types of devices are only burned for a few houss each day. Thus, use of g/hr
greatly exaggesates emissions contributions 10 airsheds. A new tern, average daity g/hr, s introduced
which appears to ba more appropriate.  This format pertrays the total amount of goilution that a givea
combustion devics contributes to an airshed on a daily basis. Average daity g/hr is used rather than
grams per day te facilitste & direct and easy comparison with the hody of wowdstove data which is
exprossed in grams per hour. Grams per kilogram produces somewhar similar rankings for fireplaces,
but is less appropriate 10 meet the objective of quantifying the amoumt of pollution per day. It is,
however, valuable in calculating the total emissions contribution per burning season for any residential
biomass combustion device.

To Facilitate direct comparison of musonry heater resulis with these of woodstoves, the term normalized
averags daily g/hr is used. ‘This term refers to average daily g/hir at a burn rate of 1.0 kgihr, the field
average for certified woodstoves. This term is equal to g/kg.

The effscts of wood moisture (range 15% to 24%) on emissions from a conventional fireplace were
significant above 20% moisture. Emissions ranged from 22.1 at 15% moistuse to 41.4 glka at 24%
moisture. The effect of altitade on enissions could not be measured becawse 2 second variable—long
bucns associated with the fireplace being burned only on weekends—was present.

The real-world data collected in this project can e used o negotiate with regulators o develop fair and
equitable regulations for all stakeholders. Efforts should be made to ensure that the relatively clean-
burning Rosin be acceptable for burning within any of the new regulations.

The data from this project should be used as the foundation for the development of a realistic emissions
laboratory standard for masonry firepiaces and heaters® and to evaluate candidate laboratory test methods.
Considering the large mass and lack of portabitity of masonry fireplaces and heaters, in-hume testing a5
conducted in this project} must be considered an accepuble certification pracedure.

"I'te Fireplace Fmissions Research Coalition (FERC) laboratory test procedure of Virginia Polytechnic
Institute (VPT) should be evaluated for applicability to masonry fireplaces by comparing the Brick Institute
of America (BIA) results with those of the curremt project. The VPI masonry heater Jaboratory procedure

3 ‘This development process would philosophicalty follow closely the system currenity being used to
develop the stress test protocol for woodstoves which will be used to evaluate potential product durability
preblems.

OMN! Environmental Services, lne. (80102801.017) i
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| | Summary Report of the
' In-Home Emissions and
1 : Efficiency Performance of Five
R Commercially Available
3 Masonry Heaters

Prepared for: The Masonry Heater Association

g Prepared by: Stockton G. Barnett

i , OMNI Environmental Services, Inc,
10074 SW Arctic Drive

l Beaverton, Oregon 97005

' May 22, 1992
(Revised June 1, 1993)

f ' - 80133-01
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Executive Summary
General.- ...

‘Emissions regulations for residentizl woodburning devices have become tighter in recent years, In 1986,
the EPA established a woodstove certification program that went into effect in two stages in 1988 and
1090, Masonry heaters, which essemtially function s high-mass, rapidly burning woodstoves with 2 large
beat storage capacity, wers exempted from this program by virtue of their large mass.

More recently, certain airsheds in the west, with extensive residential woodburning, have been declared
in nonattainment by the EPA for sirborne particulate matter of Jess than 19 microns in diameter (PM ).
State Implementation Plans (SIPs) bave been written to develop air pellution reduction strategies to bring
ihese areas into compliance. Unfortumnately, masoary heaters have not been included in this process
because they cannot gualify for EPA emissions certification due 1o their large mass. Hence, they have
not been placed on the EPA’s Reasonably Awvailable Control Measure (RACM) Emissions Reduction
«{Creditdist. Accordingly, state and Joca] governmenis have excluded masonry heaters from their owp Jists
oF emissions seduction control strategies. Recently the EPA, in recognition of this protlem, institated
an “inhome” emissions test option for “non-affected™ residential wood combustion RWC devices such
s masonry heaters. These tests provide more realistic emissions and efficiency information than lab tests
and their results can be used to obtain emissions reduction credits.

Objectives and Methodology

This project’s main ohjective hes been 10 sample a representative population of commercially available
masonry heaters in homes. The data will be used by EPA 10 produce a masonry heater AP-42 emissions
vzle which wifl be vsed 1o calcnlate an emissions reduction credit, An additional chjective has been to
explore these heaters as petentizily very clean hurning technologies that can quatify 2s low-eminting Best
Available Conrol Measures (BACM),

Particulate PM) and carbon monoxide {CO) emissions and net efficiancy were measured on five mesonry
heaters in western Oregon and Washington in 1991 and 1952 uvsing OMNI's Automated Woodstove

Emissions Sampler {AWES). Fach heater was operated by the homeowner i his normal fashion and was
fired seven 10 ten times during the week-long test. In four of the five houses the heater was the only

source of heat.

Results

PM emissions for the five hexters averaged 3.2 plkg, 1.8 average daily g/hr, and 3.2 normelized!
average daily g/fhr. These PM valves are higher than field values from centified pellet stoves ané lower

__ than from Phage Il EPA certified noncatalytic woodstoves.

! Ermissions values are “normalized” for easy comparison to I dry kg/hr burn rate, the average in-
home burza rate for cenified noncatalytic woodstoves.

OMN] Environments] Services, inc. (80133-01.001) i
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: CO emissions averaged 72 gikg, 50 average daily gfr, and 74 normalized daily g/hr. These values are
comparable to Phase I1 EPA certified noncatalytic woodstoves. . .

- — S S -

. The dverage net delivered efficiency wes 58%, which is midway bWwﬁ.Eonv?qtiQpaI and EPA ce_niﬁéii
- Phase 1T woodstoves. Average heat output was 7425 BTU/br and average daily burn rate was 0,68 dry
| - gfhr, :

Following EPA procedures and using the most recent figld data, the average masonty beater emissions

i redyction credit it 51% compared 1o $1% for certified pellet stoves and 64% for certifiad noncatalytic

1 woodstoves. Because the final version of the BACM gyidance documest is not yet available, masonty
‘heaters will have to be evaluated for BACM stams at 3 later date. '

OMNI Environmental Services, Inc. (80133.01.401) i
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Emissions Results

PM emissions for the five masonry heaters averaged 3.2-gfkg and 2.1-average dally-g/hr-(Fable 1). The -
average daily buxn rate was 0.69 dry kp/he. The 95% confidence limit for each test is penerally abont
+20% of the emissions value. The 95% confidence limit for the five heater average is +2.8 gikg.
Tables 1 through 7 in Appendix A contain the results from each heater’s emissions test.

Table 1. Summary of emissions and efficiency results for the five masonry heaters.

PM co BumnRate | Net Efficiency -
Heater Model ; ; s

| oike Avﬁady shke Aveg. !.Eaﬁy; Av;.gj]g:ﬂy Ave. %

Biofire {19 131712 | & 0.95 | 54
Gnmdofen 1 14 ] 15 {8 | 92 | 110 60
o Heat-kit i 58 ¢ 44 1 41 3 076 . - 54
§ Royal Crown 1.4 03 | 69 15 0.21 65
§ Tulikivi 5.7 2.3 | 107 44 0.41 59
{ Averages 3.2 21 | 74 50 0.69 ) 58

Average CO emissions were 74 g/kg with an average daify g/hr of 50.

Cormparatively, the average PM emissions (Figure 5) were somewhat higher than emissions from certified
pettet stoves (1.7 g/kg) as tested in homes (Barnett and Rokolt, 1990) and considerably lower than EPA
1990-certified Phase IT noncatalytic woodstoves {AP~42 vatue of 7.0 gfkg). The average masonry heater
emissicns are 79% lower than the EPA’s AP.42 emissions wvalue of 14.9 gkg for cooventional
woodstoves (Table 2),

CQ emissions are comparatively not as Iow as PM emissions. They are comparabie to Phase I certified

aoncatalytic woodstoves but significantly Iower than conventional stoves (McCrillis and Jaasmma, 1991 and
Reference 15).

Efficiency

‘The average net delivered efficiency of the five masonry heaters was 58%., This efficiency is about
midway between the 50-55% average for conventional woodstoves and the 65-70% average for Phase I
woodstoves as measured in homes (References 1,10,14,15). The average heat cutput was 7248 BTU/br,

The design of the hear transfer systems is generally not quite as effective as Phase II noncatalytic stoves
{Figure 6). Improvement could be made by reducing the excess air so that stack oxygen averages about
15-16% and aiming for an average stack temperaturs of 300 to 350°.

OMN] Environmeztal Services, Ing, (80133-01.0013 11

Page 40 of 72



A REPORT ON THE PARTICULATE EMISSIONS PERFORMAN CE OF MASONRY
HEATERS February 13, 2008

Attachment 11: Reference D — Cover Page

92-118.06

Evaluation of Emissions from
| Masonry Heaters and
Masonry Fireplaces in Homes
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i OMNT Environmental Services, Inc,
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! Robert C. McCrillis
U.S. Environmental Protection Agency
Air and Energy Engineering Research Laboratory
Research Triangle Park, North Carolina

Richard B. Crooks
Mutual Materials Company
Bellevue, Washington

[
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92-118.06

5 PM emissions from the conventional masonry fireplaces averaged 24.9 g/kg, 82.7 gihr, and 14.1
average daily g/hr (Table I and Figures 2,3,4 and 5). These values are near the upper end of the range of
i resulis in the literature,** which comprises mostly laboratory tests and some field tests with the fireplaces

? being operated by laboratory technicians, The EPA recently revised their fireplace AP-42™ downward from
14.0 4o 10.8 gfkg. CO emissions from the conventional masonry fireplaces averaged 10 g/kg, 36 gfhr, and
64.5 average daily g/hr (Figure 6), significantly higher than the EPA AP-42 value of 61.1 g/kg.

PM emissions from the Rosin masoury fireplaces were generally less than half of those from the
conventional masonry fireplaces (Figurs 2, 3, 4, and 3). A rtest indicated that the grams-per-kilogram
difference was significant at the 98% probabiiiiy level. Particolate emissions averaged 10.4 g/kg, 33.2 g/tr,

7 and 9.9 average daily g/br. CO emissions averaged 52.5 g/kg, 158 g/br, and 47.3 average daily g/hr (Figure
: 5). The retzafit Rosin reduced emissions by 47% compared to its conventional predecessor,

The effects of wood moisture (range, 15 to 24%) on emissions from a conventional masonry fireplace
were significant above 20% moisture. Particulate emissions ranged from 22.1 g/kg at 15% moisture to 41.4
eikg at 24% moisture Figure 7) and CO emissions ranged from 109 to 140 g/kg (Figure 8).

i
Masonry Heater Emissions

The uaderfire air Contrafiow masonty heater particulate emissions were 5.6 g/kg, 45.7 g/br, and 5.6
normalized zverage daily g/hr (Table 2 and Figures 2, 3, and 4). CO emissions were 41.0 g/kg, 336.8 g/hr,
and 31.0 normalized average daily g/br. Particulate emissions from the nen-underfire air Grundofen were
only 1.4 g’kg, 5.5 gihr, and 1.4 normalized average daily gfar, CO emissions were 83 g/fkg, 339 g/hr, and
23 normalized average daily g/hr. The Grundefen’s particulate emissions are among the lowest meagured for
an RWC device, about the same as the cleanest-burning pellet stoves.*

Three other potentially promising masonry heater designs are currently being evafuated in the field.
Improvements in masonry heater design, in particular the abandonment of underfire air, are currently being
undertaken. It appears that masonry heater technology holds promise for meeting the strictest of emissions

standards,

Field Versus Laboratory Resulis

1t is important 10 compare fSeld and laboratory results since the validity of laboratory tests hinges on
their ability to faithfolly reflect and predict field performance. Because laboratory certification tests for
| wocdstoves do not correlate well with field performance™® there is additional need o closely examine such
! relationships for each type of RWC device, There are now comparative data for masonry fireplaces, and
masonty heater data will be available soon.

A projeci was conducted by Virginia Polytechnic Institute’® (VPI) for the Hearth Products Association
(HPA) which used a newly developed laberatory test protocol for fireplaces to measure emissions from both
conventional and Rosin masonry fireptaces. The conventional baseline included one fireplace, and the same
:  Rosin models which were evaluated in the current project were tested at VPI. The results (Figures $ and 10}
j show that the conventional fireplace PM emissions were only zbout 20% of the field average and 30% of the
cleanest-burning feld fireplace in the correat stedy. The Rosins were about the same in the laboratory as in
the field. The pet result is that the relative ratking of the conventional and advanced-technology fireplaces is
reversed. As a result of this problem and the gross understatement of the conventional fireplace emissions, it

5
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In-Home Evaluation of
Emissions from a
Temp-Cast 2001
Masonry Heater

Prepared for: Temp-Cast 2000 Masonry Heater Manufacturing, Inc.

Prepared by: Roger Bighuuse
Stockton . Barnett
OMNI Environmental Services, Ine.
10074 SW Arxctic Drive
Beaverton, Oregon 97005

May 8, 1992

§013141
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Every three minutes it operated for ons minute. This causss the collected gases to be more dilute than
thuse emitted during just the combustion phase. Thus, in Table 1, the O, valoes are artificially high and
the CO and CO, values low. This method of gas collection does not affect the calenlated CO emissjons
values at all, however.

Emissions Results

PM cmissions averaged 2.96 glkg and 1.26 average daily g/hr.  Tabie 1 shows the results from each
emissions test. The $3% confidence limit for the g/kg value is 0.6 g/kg. Normalizing the grams per
hour emissions to & 1 kg/he burn rate as described in Barnett (1991) yiglds 2.96 normalized daily gfhr.
The average daily burn rate was 0.43 dry kpilur.

Average CO emissions were 82.7 p/kg, 35.2 average daily gihs, and 82.7 normalized average daily g/br.

Comparatively, the PM emissions (Figurs 47 were between the amissions of certified peliet stoves as
tasted in homes (Barnett and Roholt, 1990) and EPA 1990-certified Phase T noncatafytic woodstoves.
The Temp-Cast 2001 emissions are about 80% lower than the EPA’s AP-42 emissions value of 14.9 gikg
for conventional woodstoves.

CO emissions are comparatively sot as low as PM emissions, They are comparable to Phrase 1T certified
neneztalytic woodstoves but significantly lower than conventional stoves {McCrillis and Jaasma, 1991 and
Reference 11).

Efficiency

The average net delivered efficiency of the Temp-Cast 2001 was 61.8%. This efficiency is in berween
e 03-70% average for Phase I woodsioves and SU-55% average for conventional stoves as measurad
in bomes (References 1,6,10,11), The average heat output was 4915 BTU/br.

The net delivered efficiency is average for masonry hesters (Table 1 and Figure 3). The design of the
heat transfer system could perhaps be improved semewhat by reducing the gverage stack oxygen to 13-

16%.
* The woodstove values i this figirs e (mm the sununary paper by MeCrllis and Jarsma, 991, The Cextified pellct .,
stove vahics are from Bament and Roholt, 19940, aed the excompt pelicl sterve values am fom Barnedt and Ficlds, 1991,
OMNI Envitnmental Sorvices, Ing, (85131017 9
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MASONRY HEATER EMISSIONS REEBULTS

TIOUSE AND BUR: . TEWP-CAST

SAMPLE DATES: 4229192
HEATER TYPE: TEMP~CAST 2001
FUEL TYPE: POPLAR
TOTAL STOVE BURMING HOURS= 40.05 HOURS
% OF TIME HEATER BURNED = 23,84 FERCENT
AVE, STACK TEMP= 198.81 DEGREESF.
= KVE OXYGEN [STACK) = 18.66 PERCENT
* AVE. ONYGEN (BAG)= i
FTOTALWOOD USED, WETLES = 190.¢
WOGE MOISTURE {CRY 8ABIS %)= 285 bl
AWES FLOW RATEIL [MiM)= 408 dubtn
LENGTH DF BAMPLE CYCLE [MIN.)= 3 Rib
AVEBAGE GO % (BAG) = 0.0347 Hedkivk
AYERAGE COZ % (BAG)= .53 ik
VvQC, PPM (BAG)= bt
TOTAL PARTHDULATES IN MG,
RINSE= T fahit
WAD= f,G rars
FILTER= 2.0 KAk
MINUS AVE BLANK 3.8
TOTAL PARTICULATES = 0.055 GM.
TOTAL ORY WOOD USED= 7145 KG.
* BURN RT {CRY KG/R) OURING SURR = 1.78 KGIMHA
AVE DALY BURN AT ORY KG/H) = .43 KG/HP
AR TO FUEL RATO= 56,42
* PARTICULATE EMISSIONS: )
* GG 256
GMKS UINCEBTAINTY= 0,60
* GiMfHR= 529
Ave, daily gthr= 1.26

~ GO EMISHBIONS:

GMIKG= 8272
GM/HA= 147.57

Ave daily gitr= 3518

SFVOC EMISTIGNS:

CM/KG= .00
GhHA= 0.08
Ave, daily gihr= 0.0

ADDITIONAL ITEMS;

AVE WOQD LOAD (WETLBY= 24,65
AVE. WOOD USAGE/DAY (WETLBI= 28.43
# TIMES LOADED/DAY = 1.14
AVE. AMBIFNT TEMP= 70.89
NET EFFICIENCGY:

COMBUSTION EFFIG.= 4.4

MEAT TRANS. EFFIC= B854

NET EFFICIENDY= B1.8

NET CUTPUT (BTENHRI= 2915

Table 1
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In-Home Evaluation of
Emissions from a
Mastercraft
Swedish Heater
Kit Masonry Heater

Trepared for: Mastercraft Masonry
PO Box 73
Brush Prairie, WA 98606

Prepared by: Science Applications International Corporation
10074 SW Aretic Drive '
Beaverton, Oregon 97003

March 23, 1993
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Executive Summary

Particulate. (PM), carbon monoxide (CO), and volatile organic compounds {VOC) emissions were
measured using SAIC's Automated Woodstove Emissions Sampler (AWES) systems on a first-year
Mastereraft Swedish Heater Kit masoncy heater located nexr Battle Ground, ‘Washington in March 1593,
“The heater was operated by the homeowner in his normal fashion uging douglas fir cordwood with 13.5%
averzge moisture (dry basis). The unit was fired seven times during the week-long test. The AWES was
operated for the entire test and its results are reported herein.

PM emissions zveraged 1.90 gikg, 1.32 average daily g/hr, and 1.90 rormalized average daily g/he.
These PM valuds are between those obtained from certified pellet stoves and EPA certified Phase 10
woodstoves in the field.

CO emissions averaged 95.7 g/kg, 66.3 average daily g/hr, and 93.7 normalized daily gfhr. These values
are comparable to Phase 11 EPA cetified noncatalytic weodsioves.

VOC emissions averaged 9.57 gfkg, 6.63 average daily g/he, and 9.57 normatized daily g/hr.

The average net delivered efficiency was 62.5%, which is in between EPA certified Phase I woodstoves
and coaventional stoves. Averags heat output was 8105 BTU/r and dally buen rate averaged 0.60 dry

kgthr,

Science Applications Frlermiational Corporution i
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Table L. Masonry Heater Emissions Results: Mastercraft Swedish

Page 51 of 72

Heater Kit.
SAMPLE DATES: 2/12/93 — 31393
HEATER TYPE: MasterCraft — Swedish Heater Kit
FUEL TYPE: Beuglas Fir
Totel Burning Period = 15.08 hours
Percent of Time Heater Burned = 805 %
Average Stack Temp. during burn = 27014 °F
Average Oxygen duting burn {Stack) = 17.78 %
Averege Oxygen (Bag) = 2043 %
Teial Wood Used = 2608 wet b
Weood Moisture = 13,5 % dry basis
AWES Flow Flste = 08714 Ymin
Length of Sampls Cycle = 30 min
Avetaga GO {Sag) = 0ps2 %
Averzga COZ {Bag) = 059 %
Averaga VOO (Bag) = 51 ppm
TOTAL PARTICULATES: ’
Rinse + 450 mg
XAQ—2 = 6.3 mg
Filter = ~30.4 mg
Avarage Blank = -39 mg
Tetal Padiculates = omM7 g
Total Dry Wood Used = 11648 dry kg
Burn Rate during bumn = 7.72 ciy kgfhr
Avergge Daily Burn Rate = 0.6% ciy kg/hr
Alr to Fuel Ratls = 45.57 a1
PARTICULATE EMISSIONS:
g/kg 1.80 £ 0.61
amr 14.53 - AET
Ave, daily g/nr= 1,32 * 0.42
CO EMISSIONS:
akg 85.58
umr 738.51
Ave, daily gfhr= £8.83
YOO EMISSIONS:
gikg .57
gihr 73,85
Ave, daily gifhe= 6.63
ADDITIONAL ITEMS;
Average Wood Load = 41.54 wetlh
Average Wood Usage = 41.84 wet Ib/day
Numberof times [ oaded per Day = 1.00
Averaye Ambient Tamperajure = 75.42 *F
NET EFFICIENGY:
Combustion Efficiency = 94,13 %
Heat Transfer Efficienty = 65,42 %
NET EFACIENGY= B2.53 %
Net Heal Quiput = BI05 Bil/br
DRAKTNASTERCAMSTCA wE 2.
<+ Selence Apglications Intermational Corporation 10
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: Figure 3,. Average daily g/ar particalates for woodstoves, pellet stoves, and the Mastercraft Swedish
Heater Kit masonry heater.
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/4

Evaluation of Efficiency and
Emissions from a

| Moberg/Royal Crown

5 MRC-3036 Masonry Heater

SUMMARY REPORT. Complete report
with Appendices available by request to:
FireSpaces. Jne.
027 S W. Morrison St., Suite 430
Portland, Oregon 972035
tel. (503) 227-0547

Prepared for: Fire Spaces, In<.
Walter Moberg Design
921 SW Morrison, Suite 440
Portland, Oregon 97265
(503)227-0547

Prepared by: OMNI Environmental Services, Inc,
£465 SW Western Avenue, Suite M
Beaverton, Oregon 97005
{503)643-3788

May 28, 1994

OMNI REPORT
#0015-013
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Emissions Results

Table 1 shows the results of AES measurements and sampling over the test period. Total
particulate (TP) emissions averaged 3.9 g/kg and 3.4 g per hour. The 95% confidence limit for
the g/kg value is +0.90 g/kg. The average bumn rate was 0.88 dry kg/hr.

Average CO emissions were 20.3 g/kg, 17.8 g per hour.

Comiparatively, the particulate emissions (Figure 3) were between the emissions of certified peliet
| stoves as tested in homes’ and EPA 1990-certified Phase II noncatalytic woodstoves. The
Moberg/Royal Crown Model MRC-3036 Masonry Heater emissions are 30% of the EPA’s AP-42

emissions value of 14.9 g/kg for conventional woodstoves.

CO emissions are very low as compared to EPA certified catalytic and noncatalytic woodstoves as
well as other masonry heaters.

Efficiency Results

The average net delivered efficiency of the Moberg/Royal Crown Model MRC-3036 Masonry
Heater was 53.8%. The average heat output was 9372 BTU/hr.

OMNI] Environments! Services, Inc.
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Moberg 3042 Masonry Heater
Emissions Testing Report

(Compliance with Colorado Regulation No, 4)

FIRESPACES, INC.

Prepared for: 223 NW NINTH AVENUE
PORTLAND, OREGON 97209-3305

(503) 227-0547

Prepared by; OMMNI Environmental Services, Inc,
3465 SW Western Avenue, Suite M
Beaverton, Oregon 97005
(503)643-3788

Test Date; - November, 1995

January, 1996

OMNI REPORT
#001-5-02-3-B
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Masonry Heater EmissionsTesting Report
Moberg 3042

Demonstration of Compliance with Colorado Regulation 4 Standards

Summary of Testing:

Starting on November 16, 1995, OMNI Envircnmental Services, Inc. conducted a two-
day emissions test at a private residence in Portland, Oregon for the purpose of
obtaining “approved” designation from the Colorado Department of Health for the
MRC 3042 masonry heater design. Testing was conducted using an automated
sampling system (an OMNI ESS) to determine particulate and carbon monoxide
emission factors and to record flue temperature and oxygen concentration data.

Test Results and Discussion:

The test results show an average particulate emission factor of 1.95 grams per
kilogram (g/kg), at an emission rate of 4.70 grams per howr (g/hour). Carbon
Monoxide {CQ) emissions were measured at 14 g/kg and 33 g/howr. Testing was
conducted as an abbreviated test series in support of Section IV.B.3 of Regulation 4
of the Colorado Air Quality Control Commission (1994). The MRC 3042 fireplace
design has substantially the same core construction as the MRC 3036 fireplace
(Masonry Heater Approval letter from Gary Finiol; CAQCC,; dated Augnst 23, 1994)
with modifications only in propertional dimension. The MRC 3042 fireplace design
demonstrated particulate emissions that are within the Colorade Regulation 4

requirement of 6.0 g/kg.

Drawings providing dimensions for Regulation 4 Masonry-heater specifications are
contained in Appendix G to this report. The following provides a listing of Appendices
and their contents:
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Moberg 3042 Fireplace Heater
Emissions Testing Report

(Compliance with Washington State
UBC Section 31-2)

SUMMARY REPORT. Complete report
with Appendices available by request to:

FireSpaces, Inc,
223 NW Ninth Avenue
Portland, Oregon 97208-
(503) 2270547 tel or 227-0548 fax

www.firespaces.com

Prepared for: FireSpaces, Inc.
223 NW Ninth Avenue
Portland, Oregon 87209-

Prepared by: OMNI Environmental Services, Inc.
5465 SW Western Avenue, Suite M
Beaverton, Oregon 970035
(503)643-3788

Test Date: November, 1995

January, 1696
001-8-02-3-A
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Fireplace Heater EmissionsTesting Report
Moberg 3042

For Demonstrating Compliance with the Washington State Building Code Standard for
Fireplace Emissions Requirements (UBC Section 31-2)

Summary of Testing:

On November 30, 1995, OMNI Environmental Services, Inc. conducted emissions
testing on the MRC 3042 fireplace design in conformance with the Washington State
test and operating protocol. The testing reported here was conducted at the Moberg
R&D facility in Portland, Oregon. OMNI used the Washington emissions sampling
system (an OMNI ESS) to sample particulate emissions. OMNI technician Jacob Tiegs
conducted all testing inciuding set-up, take-down, and the laboratory analysis of ESS

samples.

Testing was conducted with the doors closed and a hearth grate in place. The fuel
loading schedule, load weight, and fuel moisture were determined in accordance with
the Washington required protocol. Three fuel charges were loaded during the test
period and the unburmed ashes were weighed and subtracted at the end of the test
period for a total “fuel burned™ weight.

Test Results and Discussion:

The test results show an average particulate emission factor of 1.79 grams per
kilogram (g/kg), at an average enussion rate of 5.53 grams per hour (g/hour). Carbon
Monoxide emissions were measured at 48 g/kg and 148 glhr. The MRC 3042 fireplace
design exhibited emissions that are within the Washington State requirement of 7.3

g/kg.
Table 1 presents a complete summary of test measurements and sample analyses.

Figure 1 presents a time-base graph of flue-gas temperatures and oxygen concentrations
and indications of when and how much fuel was added during the test period.
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REPORT ON REVISIONS TO
STH EDITION AP-42
Section 1.10

Residential Wood Stoves

Prepazed for

Contract Mo, 68-D2-0160, Work Assignment 50
EPA Work Assignment Officer: Roy Huntley
Office of Air Qnality Planning and Standards
Office of Air and Radiation
U. 8. Environmental Protection Agency
Research Triangle Park, Norh Carolina 27711

Prepared by:

Eastern Research Group
Post Office Box 2010
Morrisvilie, North Carolina 27560

July 29, 1996
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4.2.3 References 9 and 10 - Preliminary Dafa on Wood Stoves

During the winter of 1991-1992, two separate series of in-home emissions tests were
conducted on wood stoves in Crested Butte {iwo noncatalytic Phase I1 stoves, six catalytic Phase
I and two catalytic Phase I1 stoves) and Klamath Falls (four conventional stoves, three
nonecatalytic Phase II stoves and two catalytic Phase 11 stoves). The results of these tests are
important in that these stoves have been tested in prior years (excluding the Klamath Falls
conventional wood stoves) and the resnits should provide some insight into the effect of stove
degradation on emissions. Degradation mainly affects catalytic components. However, over
time, warpage of other intexnal parts can cause leaks which contribute fo increased emissions.
Results of these two tests are summarized in Table 4-2, even though the data cannot be inchaded
in emission factor development pending evaluation of the test reports. A preferred approach for
tracking degradation might be to extract from the existing data base any emissions data for stoves
with test reselts from nmltiple years, and add in the most recent year's data to form a sepsrate
"degradation” data base. In fact, work has alveady begun to develop this type of data base,

4.2.4 References 11,13, 13, 14, 15 - Masonry Heaters

References 11 through 15 reported emissions from five types of masonry heaters under
in-home barning conditions. All five references reported PM, CO and CO, emissions, These
data were rated "A." A swmunary of the test data from all five test series is shown in Table 4-3.

Reference 11 also reported emissions for a "Russian” style masonry heater which was
constructed by a mason from a plan that was later changed. Emissions from this unit were not
included in the emission factor development since this unit is not commercially available and is
probably not represeniative of the general masonry heater popolation in texms of construction or

enissions.

4-4
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TABLE4-3. SUMMARY OF NEW IN-HOME EMISSIONS DATA

FOR MASONRY HEATERS'¥

Sample Dates 1991 - 1992
Fuels Douglas Fir, Alder
Average Fuel Moisture 19%
Total Bun Time 135.1 hours
Total Bum Cyeles 41
Average Bumn Rate 4.73 dry kgf/hr
Average BEmissions:®
PM 28 gkg
Cco 74.5 g/kg
Co, 1,924.7 g'ke
a. These data were eollected using an AWES unit, and have been vonverted to M5H equivalent values, See

section 4.3.1.1 of this report for an explanation of the conversion calculations, and Appendix A for a

sample calculation.

4,3 EMISSION FACTOR METHODOLOGY

A Lotus1-2-3™ spreadsheet was used to compile PM and CO emissicns data and calculate

ermission factors as part of the 1991 revision to the AP-42 section on residential wood stoves.

The 1991 spreadsheets were updated during the current revision to include new correlation

squations used to caleulate equivalent EPA Method 5H values for PM from field-test data, (See

section 4.3,1.1 for details of these calculations). New spreadsheets were developed to calculate

PM, CO and speciated organic compound emission factors fromnew references. Also, new

spreadsheets were developed to calculate emission factors for noneriteria pollutants (i.e., CO,

and PAH),

431 Criteria Pollutant Envgsion Factor Development
Ermssion factors for NO, (rated "E"), SO, (rated "B"), were not changed from the 1991

emission factors, Emission factors for CO and PM were revised using existing etrission factors

(rated "B"} and new data (rated "A") resulting in new composite CO and PM emission factors,

4-7
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TABLE 1.10-2, (METRIC UNITS) EMISSION FACTORS FOR RESIDENTEAL

WOOD COMBUSTION!
Pollutant/ Emission Wood Stove Type® Peilet Stove Type® | Masonry
EPA Certification” Factor Heater
Rating ]
Conv, | Non-Cat Cat | Certtified | Exempt | Exempt’
ki gk 0 ke gkg /g

h-10%5

Pre-Phase I B 153 129 12.1

Phase I B 10.0 9.8

Phase II B 73 8.1 2.1

All B 153 938 102 2.1 44 28
Carbon Monoxide!

Pre-Phase I B 1154

Phase 1 B 522

Phase II B 70.4 53.5 197

Al B 1154 70.4 524 19.7 26.1 4.5
Nitrogen Qxides' 1.4 Lo 6.9
Sulfur Oxides® B 02 02 8.2 0.2
Carbon Dioxidd C 14758 1,835.6 1,924.7
Total Organic
Compounds®

Methane E 320 13.0

Non-Methane E 14.0 8.6

a. Unils are in (grams of pollutant’kg of dry wood burned).

b. Pre-Phase I = not certified to 1988 EPA emission standards; Phase I = certified to 1988 EPA
emission standards; Phase [1 = certified to 1990 EPA emission standards; All = average of
emission factors for all devices.

c. Conv = Conventional; Non-Cat = Noncatalytic; Cat= Catalytic.

d. Certified = Certified pursuant to 1988 NSPS; Exemnpt = Exempt from 1988 NSPS (i.e,, air:fuel
ratio >35:1}.

&, Exempt = Exempl from 1988 NSPS (i.e,, weight 800 kg).

f References 5-13, 22-26, 28.

£ Defined as equivalent to total catch by EPA methed 5H tram.

h. Rating= C.

i. Rating=E.

I References 12, 22-26, 28.

k. References 14, 15, 18. The data used to develop the emission factors showed a high degree of
vartability within the source population. The use of these emission factors on specific sources
may not be appropriate.

10/92 1.10-5
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Possession Record

.Gopy Number;

Name Date

Test Report: Masonry Heater
Particulate Emissions and
Overall Thermal Efficiency.

Tulikivi Oy Model KTU-2106
May 1997

' Prepared for: Tudikivi Oy
FIN-83800 Juuka
FINLAND

Prepared by: ONMNI-Test Laboratories, inc.
£465 SW Western Avenue, Suite G
Beavertan, Oregon 97005 USA
{503)643-3788

May 1997
Project # 020-5-01-3

All data and information contained in this report are confidential and proprietary to
Tulikivi Oy, The cantents of this report cannot be copled or quoted, except in full,
. without specific, written authorization from OMNI-Test Laboratories, Inc. or Tulikivi Oy.
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Tuikiv Oy, Model KTU-2160

February 13, 2008

FRNLAND Test Report
U20-5-01-3 Test Dates: May 20 and 21. 1997
SUMMARY

The Tulikivi Modsl KTU-2100 masonry heater was tested for particulate emissions ang
overal therme! efficiency by OMAI-Test Laboratories, inc. {OMNI) of Beaverion, Oregon,
USA. Twa tests were conducted in accordance with the emissions and thermal efficiency
sampling and analysis spegifications of the Mode/ Performance Standard for Fireplaces
and Masonry Heater Emissions: the first one was cehducied on May 20, 1997 and the
second on May 21, 1897,

Test-Burn Number 1 was conducted using three successive fusl ioads of the size and
weight stipulated by the Model Standard and the Washington State Method. Test-Burn
Number 2 howevear, was conducted using only one. large fuel load simulating Colorado
Regulaiion-4's in-home user defined fuel loading profocol. The ested masonry heater
cenfiguration and test results are presented in the following Summary Table:

Summary Table. Test Configuration and emissions results for the
Tulikivi KTU-2100 Masonry Heater.
Test o Qverall
Test-Burn . Particulate Emissions Therral:
Configuration Efficiency
25 _ 3.0
Door Closed, gramstkitogram gramsihour {per
Number 41 With Hearth {U.5. EPA Method kilogram/hour)
Three fuel Girate, 5H equivalents {U.8. EPASH 53.5%
g&f i‘; Ne Deaft Inducer, calcdaied in equivalents i
oad test) and accordance with calculated in
No Catalyst  Washington State UBC]accordance with The
Chapfer 31-2) _Model Standard}
31 38
Door Closed, gramsikilogram grams/hour {par
Number 2] Wih Hearth {U.5. EPA Methad kilogram/hour)

{Singie, Grate, 5H equivalenis {U.5. EPA BH €599
large fuel No Draft nducer, caleulated in equivalents e
fvad test) and accordance with calgulated in

No Catalyst  JWashington State UBClaccordance with The
i Chapter 31-2) 1 Model Standard}
OMNT-Test Laborstories [nc. 5=
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Tulikivi Oy; Model TV 1000
Emissions Testing Report

{Protocol Conformance with Colorade
Regulatian No. 4)

Prepared for: Tulikivi Oy
FIN-83500
Juuks, Fintand
Prepared by OMNT Envirohmental Senvices, Inc.

5443 SW Western Avenue, Suite G
Beaverton, Oregon 97605
{503) 643-378%8

April 29, 1999
£20-8-06-3

All dats prd informetion centainad i this report are confidential and propristary to Firespaces, Inc. The
contents of this report camnot be capied or quated without specific, written authorization from Firespaces, inc.
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Fireplace Heater Emissions Testing Report
Tulikivi TU 1000

For Bemonstrating Compliance with the Colorads Regulation 4 Standards

Summary of Testing:

Beginning on April 5 and ending on April 12, 1999, OMNI Environmental Services, Inc.
condneted “in field” emissions testing on the Tultkivi TU 1800 fireplace design in
conformance with the Colorado Regulation 4 Standards and operating protocol, All testing
reporied here was conducted at the Bullard residencs in the rural area east of Livingston,
Montana, OMNI used an EPA audited procedure which requires the use of an EPA
audited automated wood emissions sampler (an OMNI AWES) to sample parficulats
emissions. OMMNI technician Chuck Fisher conducted all testing including set-up, take-
down, data reduction, and the laboratory analysis of samples.

Testing was conducted with the doors clesed and a hearth grafe in place. The fuel
loading schedule for the testing was determined by the home owner . Fuel loading weight
was approximately 80% of the manufacturer’s recomrnendations and measured by an
OMNI technician, Fuel moisture content was measured by an OMNT technician, Cue
load of fusl was burned per day.

Test Besulis and Discussion:

The test results show an average particulate emission factor of 2,6 grams per kilogram
{a/kg). The Tultkivi; Model TU 1000 design exhibited emissions that meet the emission
standards set forth in Federal Regulations 40CFR Part 60, Subpart AAA, Subsection
60.532(b)(1) or (2). The resulting average particulate emission factor is below the
Colorado State requirement of 6.0 g/kg,

Table 1 presents a summary of test measurements and sample analyses for the test. Plot 1
presents a time-base graph of flue-gas temperatures, flue-gas oxygen concentrations, and
indications of when and how fuel was added during the test period.
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TFulikivi Oy; Meodel T1 2200
Emissions Testing Report

{Protocel Conformanee with Colorade
Regulation No. 4)

Prepared for, Talikivi Oy
FIN-83500
JBuauks, Finland
Prepared by: GMNI Environmental Services, ne.

5465 SW Westernr Averwe, Site 3
Beaverton, Oregon 97005
{503} 643-3788

April 29, 199
020-5-06-3

Al data and inferpuetion contained i this i i
i st are confidential and proprivtory to Firespoces, Inc, Th
contents of this repart canat be copied vr quoted withput specific, writter awbmzma:;;ﬁ“u:;w; Tnc,
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Tireplace Heater Ermissions Testing Report
Tulikivi TU 2260

For Demonstrating Compliance with the Colorads Regalation 4 Standards

Summary of Testing:

Beginning on April 5 and ending on April 12, 1999, OMNI Environmental Services, Inc,
conducted “in field” emissions testing on the Talikivi TU 2200 firgplace design in
conformancs with the Colorado Reguolation 4 Standards and operating protecol. All testing
reported here was conducted at the MeGee residence within the city limits of Livingston,
Montana, OMNI used an FPA audited procedure which requires the use of an EPA
andited automated wood emissions sampler (an OMNI AWES) to sample particulate
emissions. OMNI technician Chuck Fisher conducted all testing including set-up, take-
down, data reduction, and the laboratary analysis of samples.

Testing was conducted with the doors closed and a hearth grate in place. The fuel
Toading schedule for the testing was determined by the home owner . Fuel loading weight
was approximately 80% of the manufacturer’s recommendations and measured by an
OMNT technician, Fuel moisture content was measured by an OMNI technician. One
load of fuel was burned per day.

Test Results and Discussion:

The test results show an average particuiate emission factor of 3.5 grams per kilogram
(e/kg). The Tulikivi; Model TU 2200 design exhibited emissions that meet the emission
standards set forth in Federal Regulations 40CFR Part 69, Subpart AAA, Subsection
60,532(b)(1) or (2}. The resulting average particulate emission factor is below the
Colorado State requiremment of 6.0 gfke.

Table 1 presents a summary of test measurements and sample analyses for the fest, Plot
presents a time-base graph of flue-gas temperatures and the flue-gas oxygen
concentrations.
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Tutikivi Oy; Model TLU 24506
Emissions Testing Report

{Protocel Conformance with Colorado
Regulation No. 4)

Prepared for: Tulikivi Oy
PIN-B3900
Fouka, Finland
Prepared by: OMNI Environmental Services, Inc.

5465 SW Western Avenue, Suite G
Beaverton, Cregon 97005
{503) 643-3738

Aprit 29, 1995
020-8-06-3

Al date and i{zfoﬁﬁdiow contained in this report are confidential sl proprictiry fo Firespaces, ne, The
vortents of 1his report cannot be copied or quoted without specific, written authorization from Firespaces, Inc.
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Fireplace Heater Emissions Testing Report
Tulikivi TLU 24580

For Demonsirating Compliance with the Colorado Regulation 4 Standards

Summary of Testing;

Beginning on Aprii 5 and ending on April 12, 1999, OMNI Environmental Services, Inc.
conducted “in field” emissions testing on the Tulikivi TLYJ 2450 fireplace design in
conformance with the Colorado Regulation 4 Standards and operating protocol, All testing
reported here was condusted at the residence Dr. Sirr in the rural are north of Gardiner,
Montanz, OMNT used an EPA avdited procedure which requires the use of an EPA
audited automated wood emissions sampler (an OMNI AWES) to samnple particulate
emissions. OMMNI technician Chuck Fisher conducted all testing inchuding set-up, take-
down, data reduction, and the laboratory analysis of samples,

Testing was conducted with the doors closed and a hearth grate in place. The fuel
loading schedule for the testing was determined by the home owner . Fuel ioading weight
was approxinzately 80% of the manufacturer’s recommendations and measured by an
(OMNI technician. Fuel moisture content was measured by an OMNI technician, One
load of fusl was bumed per day.

Test Results and Discussion:

The test resulis show an average particulate emission factor of 2.0 grams per kilogram
{z/kg). The Tulikivi; Model TLU 2450 design exhibited emissions that meet the emission
standards set forth in Federal Regulations 40CFR Part 60, Subpart AAA, Subsection
60.532(bX 1) or (2). The resulting average particulate emission factor is below the
{Unlorado State requirement of 6.0 g/kg.

Table 1 presenis a summary of test measurements and sample analyses for the test. Plot 1

presents a time-base graph of flue-gas temperatures and the flue-gas oxygsn
concentrations,
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__/ J_ZJ

SIS

Emissions Report

Swedish Kakelugn Style
Masonry Heater

Built by: Jerry Frisch

OMNIi-Test Laboratories, Inc.
Product Testing & Gentification

Mailing: Post Office Box 743 Phone:  {5073) 843.-5788
Streat: 5455 SW Wastemn Avetiue » Suie G 4 Fax 1503) 843-379%
Bteaveron, Oregon 97075 USA
eV
ONNETey faboraiories, Inc. {ald
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February 13, 2008

OMNI-Test Laboratories, Inc has completed a serles of emissions tests on the
Swedish Kakelugn style masonry heater built by Jerry Frisch. The appiiance
cured for 20 days before testing was initiated.

OMNI performed a total of 8 tests on the masonry heater, 4 with dimensional
lumber and 4 with cordwood. Testing began on July 12, 2008 and conciuded on
August 14, 2006. The fusling pretocol used was the Colorado Masonry Heater
Standard using dimensional llimber. The emissions were sampled using 3
different sampiing systems:

1. The proposed ASTHM dilution tunnel sampling system that uses dual
47mm fitter trains. This system is very similar to the U.5. -
Environmental Protection Agency Method 5G-3.

Samples were also taken using the Emission Sampling System (ES3)
developed by OMN/ in the late 1980's for the U.S. EPA for performing
in sity, in-home testing of wood-fired firgplace and home heating
appliances. '

3. On tests 5 & 6, the Condar emissions sampling sysiem was alse used.

The results of all of the tesis performed are shown in Table 1.

st St dated Qveer T8 oty wiers Foadiig Maneany Heiet sen espars
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Tabie 1
- Fue ; Tost ) Emissions | Emissicns | Emissions
§rapnn e e BN U Gn Ga | e
1 20.9 163 [ 53 3.1 3.3 2.1 Nottested | Dimensional
L2 1.7 188 | 50 3.8 27 1.8 | Nottested | Cordweod
T3 230 170 | 52 33 5.0 23 | Notiested | Dimensional
4 10.9 19.0 47 4.1 27 2 2.5 Cordwood
5 20.8 18.0 6.0 3.0 27 2.5 Dimensional
& 22.3 167 | 53 3.1 2.3 1.7 | Nottested | Dimensional
7 11.9 215 | 53 4.0 24 2 Nottested | Cardwood
I8 10.9 193 | 5.0 2.8 2.9 Nottesied | Cordwood
G I-Test Laberatarics, o, ofd



