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

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 (QAQPS) 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:

e Background
o Provides relevant background information on regulatory status, numbers
installed annually, data sources, etc.
e Definition .
o Defines what comprises a clean-burning masonry heater including a list of
critical features.
s Data
o Summarizes the available North American emissions performance data.
+ Conclusions
o 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-burning
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 masonty heaters are installed in North America

each year, This represents only a fractional percentage of all solid-fuel burning appliance
sales and installations.

EPA's wood stove New Source Performance Standard (NSPS), 40 CFR 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 Regnlations/Page 5864. See Attachment 1.
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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 commitice 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-hote”
products as a means of improving air quality, the result for some product classes,
including masonry heatets, has been to effectively ban a clean-burning alternative. Other
areas have followed EPA's RACM/BACM guidance? 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 "appies 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,
U. 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.

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

Page 4 of 72.
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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 siructure 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 lbs.).

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

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

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.).

s The gas path through the internal heat exchange channeis downstream of the
firebox includes at least ong 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 ar above the level of the fire.

» Construeted or installed by qualificd 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
masonty 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 should
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 manufacture: 4. 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 cach 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. Inan 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.

3 Memo: R. C. MeCriilis to D. Mobley, May 8, 1992, Masonry Heater Field Performance Data. See
Attachment 4.
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Conclusions

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 cumrent 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 Atr 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 specified 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
io—

Federal Register / Vol. 8, No. 38 / Friday, Februaty 26 1888 [ Rules and Regulations

flrgbox, FPA bellaves that it may still bs
possible for circumvention to acour. In
auch cases, howavar, it woul the
consumer rather than the fireplece
manufacturer who would be held
accountable for making an affacted
facillty. For exampls, if a homeowner
instaila an enclosure-dn his new :
Breplace and 1f this anclosure reaults in
tha facility maeting the four criteria that
define a “wood heater,” Lhis homeowner
has “manufactured” an affected facility,
As nated balow, homemade or hand-
built wood heaters are not exempt from
thia regulation, .

As explainad on page 4989 of the
proposal preamble, the standards would
apply fo homemade woodsioves, One
comrenter atated that homemada
waodsioves should be exemp! from this
regulation because homemade-
woodstoves sre aasd primarily by the
pave t¢ pravide inexpensive heat.
Several other commenters favared the
regulation of thesa appliances because
of the relatively [argd number of such
steves, their impect on the eavitonmenl,
the porential for futura ciccumvention il
they arg not controtled, and the
potentlal sales that will be fost by
menufacturers of wood heaters who
have inmured the edditional expense of
complying willr the regulation,

In response o the commant that
homemade stoves should be axempt
bgcause they provide inexpensive heat
for the poor, EPA Helleves that although -
the initial cost of a homemade stova
may ba lesa than a mags-praduced
munufactured wondatove, baoause itis
assambled by the homeowner with some
homeowner-suppliad parts, it may ITkely
ba less durahle, less officient, and lesa
sufe—all of which may make it more
expenaive in the long ran. Even i
homemeade stoves ware to have lower
life cycte costs, the lowered coata would
not outweigh the environmental costs of
exempting Lhem from the standards.
Finally, it should be noted that for those
who cannot afford the initist costs of a
new conlified wood hester, this
regulation dogs not restriot the sale of
second hard atoves. The eecond hand
stove market is a major sourge of
inexpensive wood heating applianges.

The EPA agreea with the compmenters
aflirming tial kit stoves be cegulaiad
Ore eslimate indicates that homemade
wood haaters gomprise 5 percant of the
market. Most of thess are belleved ta be
kit stoves. A kil siova is & type of waod
heater that spmeone other than the
commerci¢] manufaciurer complates or
aliery in a way as suggesied by the
‘manufasturer. A kit stove may or may
nut include all.of the compenents
neneagary to construct the applinnce.

but does include plans. deaigns, and
assorted hordware (a.g., door: legs, flue
pipa fttinga}, Often, the consumer
suppilaa a steal drum which becomes
the firebox for the stove.

The EPA belfeves that manufasiuraea
of kit stoves should be subject to the
certification requirements aw ara the
manufacturers of fully ussembled wood
heaters. Therefore, EPA js raquiring that
kit atove manufacturers have thair
desigus certified. Por those desti'gm that
are cartifted, the kit slove manufacturer
would faclude in the Xit any necessary
hardware for assembling the emisaion

" controls (e.g- 4 catalytio combustor and

asgociated equipment such as fame
impingetneat shields snd & lemperanrs
maonitoring port), appropriate lemporary
and parmanent labels, and ithe owner's
mmanuak

Because tome of the [abricalion of the
wugd heater occurs ail the retail or
consumer level, EPA requires that kit
stove manufacturers submit e kil, rather
theo e fully assemblad wood heates, to
the accredited taboratory for
certificalion tasling. ‘Ta approximaie
more closely the guality of [abrication
that occurs among consumers, a
laboratoty techrician, using oply the
instruclions and designs available in the
¥it. would construat 2 wood healer using
the materials in the kit agd the type of
firebox {£.9., size and quality of stes]
drum) specifiad in the instrections. If the
lustructions allow the copsumer o
substitute diffaront components {a.g.,
different sized steel drums), each
variation that could aifeet emissions

. would conslitute.a differeat mode! and

require separate cerifleaton.

The EPA {» awart of at least one
marufactuver of wood heater kits whe
sells eatalytic combustors as an
accessory. This same manufacwrer has
his atove designs aafaty tusted and .
provides labels Indicating compllance
with the 1.3, Consumer Eroduct Safely
Commisaion sufety testing requirements.
Therefore, the approach described
above would not represent a significant
departure from existing practice. An
suggesied i the proposal preamble, in
vigw of the emissions impact and the
potential for clroumventign if kit staves
are axempt from this regutation. ERA
believos it is reasonable thet kit atovas
ha coverad by the ragulation and that

" the manufacturars of the kita be

responsible for having thelr designs
certifled.

A gommentar asked for ¢larification
of the applizebility of the standarda 1o
s¢-called “Russian staves™ or “Eurapea
tile atyves.”

The 800 ky cutofl was sstablished as
an easy meuns of axcluding the high-
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mags fast-birn wood-burning appiiance$
known as “Russian stoves"” or
“Burapean tile stavey.” These devices
typleaily aperats at hot, fast busn rates
and cannat be damped, [t is aleo likely
that they are incapable of meeting the 5
kg/hr minértum bumn rate. The inteat of
1he comrmites was to exempt from the
standarda these appliancas which rely
on clean-burning air-rick tonditions and
whieh have kigh combuation
giffuiencies. [t should be nated,

however, the exclusion does net apply
tg appliances which exgeed the 800 kg
thresbold only because of magansy or
other matetials which are ant quld by
tha manufesturer as integral pacts of the
eppliance.

Two manulacturers of wood-fired
cookatoves requested an exemption
from the standards for these appliance
types because the design principles for
room heaters and cookslaves were
significantly diffevent and because
cookslirves comprise a very simall
fraction of the wood heater market.

The BPA agrses with the commenters
who recommend exeluding cookstoves.
The uperalional charasteristics of
cookstovas have not beon shown to ba
sompatible with the demonstrated
technologles analyzed in this
rulemaking. Also, the number of
coukstoves iz very amalil relative tn all
othar wood haaters, Thetefore, the
promauigated standards exempt
cookstovesand include the definition of
“cookstove™ racommended by the
WHA. with are madifleation as noted
Lielow. The design features necessary ta
be defined g3 a eogketove include: [1}
An oven with an aven vack; (2] a
mechaniam for measuring the
temperature in the oven: (3) a lame path
which is rouled around the oven: {4) a
shaker grata: (5) an ash pan; {6) an ash
clagn-out deor helaw the oven and (7}
1he abisence of a fan and/ar hext
channels th dissipate heat Erom the
appliance, The inal standards Include
one modificetion not recommended by
industry. To qualify, the appliance must
have a minimum oven aize of 0.028 cubic
melers (1.0 cubic faot] This is smaller
than the oven sizes of bona fide
cookstoves curtenlly on the markel, but
{arge encugh 10 discourage
cincumvention of the standards by
simply adding a small cavily snd salling
it an aven.

One commenter asked whether a
company that produced fewer than 2.000

. stoves per year could purchasge and

praduce a gtove design from a Jarge
manufacturer and atil] be entitled to the
1-year exemption ag a small
manufacturen This same commenler
askad whether a qualifylng smail
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Attachment 2: Reference 2 — Cover page
Hou i/

EPA=450/2~92-002

TECHNICAL “¥NEORMAYTION DOCUMENT
FOR R¥ESIDENTIAY. WOOD COMBUSTION
BEST AVATLABLE CONTROL MEASURES

U.5. Environnental Protection Agency
Office of Aix and Radiatilon
Office.of Alr Quality Planning and Standards
Research Triangle Park, North Carolina 27711
( Beptember 1852

W

RXODODGIY 54
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Attachment 2;: Reference 2 — Excerpt

2.4 ALL NEW WOOD STOVE INSTALLATIONSS EFA-CERTIFIED,

PHASE IY STOVES OR EQUIVALENT (

This integral measure recommends that gtoves not be
allowed to be installed which axe (1) not certified by EPA to
Phase II emissgion limits or (2) cannot decument (through
Mjin~-home" field testing data) emissions equivalent to or less
than "in~home! field test emissions of EPA-cvertified Phase II
stoves.? The intent of this requirement is to prevent tha
sale or resale and installation of non-EPA-vartified 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 stova, they file a form
with the implementing or lead plamning agency and swear in an
affidavit that the stove is EPA-certified to Phase IT emission
limits. The implementing or lead planning agency should be
responsible for processing the forms and affidavits and
checking the brand nane of the proposed stove installation
against a list of EPA-certified, Phase IT stoves (and their
eguivalents). Properly trained and gualified 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 reguirement for stove certification, the

3%ew installations should include both Mbrand-new" stoves
and fireplaces and "new-used" units (i.e., newly purchased
units that are not Yhrand-newh).

4gge memorandum clarifying nature of RWC guidance and
describing procedure for entities seeking emission reduction
credit for RWC devices not certified by EPA but which can
demonstrate comparable or lower emissions through field
tasting. Process= includes consultation with EPA’s Office of
‘mresearch and Development on appropriate in-use testing methods
and procedutres {Ref. 1). Por example, EPA has recently
reviewed in-home field data for certain masonry stoves tested
during the 1591/92 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

12-18-1991 12:83 Ol Envirormental Sees. 53 526 2065 P92 ]
PR SO St b b+ ¢ 4, ALy VT
wae UDEC 17 r81 29123 WHA JOMN CROUCH  20S-Z78-3865 B ————— el R:1-2
Tiar e R Rl - T SR S YY)
AR o1 B3 & PR
e 0T Postit™ trand 18 trans ﬁch pr

UNITED STATES ENVIRONMEN

e .
% Oifice of Air Quality Plar = Y
; Ragearch Triangle Park, b -
) hll_'m\v‘ = .
: A
) Septeqber 23, 1501 i
rHORANE ¥

' BUBJECT: Interprotation of EPA‘s Guldance for Reslddntisl Heod
coppustien Enmlssion Control Measuraep o

FROM: . Vrad H. Rennar, 3., Acting cniefw -
: 5:12/Purticulate Matter Programs Branéh, _h

FEREY 1 chief, Alr Branch w

n - ' mgi‘nns z“x :

L EEET
In Septsnber 396%, kthe U.3. Bnvironnental ProtetEToR Agdy

(EPA) issued guidanoa for controlling woed smoke emimsions £
residential wood ootibustion (RWC) ln a document entitled g

Memsnres {EPA=450/2-89-015). The document was lasued as a
recommendation to Btate and local agencizs develaping wopd B
control prograps ‘and not to prevent such agencias from
considering other wood smoks contral devices or measurss not
discussed 1ln the deocument, Howevey, it . has bsan brought to
-attention thet, despite its purposs, the guldance has in som
cases been construed as restrictive and exclusicnary -4n matw
The purpese of this namopendum la to clarify BPATS INtGhE b
{esuing this quidance and explain what dooupentation EPA sup
in evaluating control measures diesussed and not diocussgd iy
v . duddanca, ; s e

T T IR T

Rl : The nonexclusionsry nature of the guldsnce asdbbERE~(E
anbadied in BPA‘s policy regarding RWC emissicn reduction o
a3 avplained in Chapter 1.0 of the guidance doounsnt. TO
reiterate, the emimnion wreduction oredits recommanded in

" Appendix F of the dogument are only suggasted and sHOuld thu
congidaxed starting points in assessing the effectivénhons of
control programs and ragulations. Ahy application for creai
s State implementation plan (SXP) must be accompanisd by &
fuptification in the implementing ngency’s specific prograw
regulsation. For instance, for a mandatory curtailwent proge
vagaiva a 50 perosnt wood stove oredit, it should aontmin
dotumentation i the 2IF that the implementing aganvy has
addressed each of the elementa degeribed in Tabla 5-9 of the
dscunment. All eredit applications in SIP'Z are, of Oourda,
subject to EPA review to ensure the credit level ls justitied.

g i
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1271871991 12i54 00N Environmental Svos. 503 S26 2885 P.@3

oy e

2

. L A

In thelr S1k/s, state and locsl agancies can also requesk
oredit greater than that recommended in the document, as wall as
oredit for moaBures not included in the degunent, Coptrary tp
how the RWC guidance doocument may, in soms cases, be interpreked,
EPA will conslder wellesupported reguests for credit for wood
burning devices not listed in Table 3-1 and Appendix P of the
document. Merely besgauss a wocdnhurnin? davige is not EPA~
certified doas not redn it dees not merit emission redvoction
oradit and, hence, status az a device that burps mors olaknly
than a conventional wood stove. To obtain oradit, however,
proponents for such devices must provide justification for cr
to be granted in the sawe mannar as the davices currently listad
in the ynidanve document {e.y., EPA-certifisd Phase IT cord
snd yellet stovad), as describad below. ’

3.

The suggemted oredite currently in the guidance dooument| for

the convergion of conventional wood stoves to BEPA-certified
catalytic, noncatalytie, and pellet stoves ed o
togt data documenting the emiesions reductions asséclated @
the different advanoed wood«burning technelogies. Thersfaors,
SIP credit 13 meught for conversion to wood heaters not listeld in
the guidance dooument {ipcluding wead heaters determined to
ot affscted’ by EPA’E wood lieater new source performange
standard definition (mee 53 Fegdersl Reuister February 24, 1988)
and hence exemgt], the request shonld he aasgonpanied by a
justification bDased on amismion reductions documehted Lhrough)
Hn-home” fieéld testing {varsue laboratory tasting). The EpA
racommends that the field testing employ an emleslons sampling
and data~gathering technique that is reviewed by EPA prior tol the
atart of testing. ) e ”‘_uﬁ;$_

' If EPA findd that field test data indicate & wood=busnink
device not currently listed in the guidance dooument is cle.
burning rslative te conventlonal stoves and, therefore, warrsnte
enission weduction oredit, depending on ite emissions
pexformance, that stove may be afforded status similar €o that of
an EPA-ocrtifiad stova with demonstrated emissions sighificantly
lowey thap that of oconventional stoves. Thet is, BPA wlll
approve control strategles under SIP‘s to the extent of
depenstrated emisaion reduction oredits for such devicss,

In-use testing to establish emission reduction potential A
should be conducted in accordance with valld procedures
astablished in gQonsultation with EPA‘e alr and Energy Engineering
‘Raagparch Laboratory wlthin the gffice of Researsh and
Development. Should you be contacted by an air poliuticn control
agency or by any other entity seeking credit for devicea that
have not already been subject to in-usa testing, please refer
then to Rebert MeCrillis at 919/541-2733,
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If you have any questlons regarding this clarification
please sontackt Chris Stoneman (FLS £29-0823). .

‘Attachment

ot  Bob Lebens, 83¢D
vickia Patton, OGC
Bob Kecrillis, ORD
Swen JdJagobs, AQMD
Chrig Stonaman, AQMD

’/gﬁic Ginghurg, AQMD
=10 Contacty, Hagionz I-X
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Attachment 4: Reference 4 — McCrillis Memo Excerpts
WRe0570%  1E:33 9L T4 21a7 ‘EPA-AEERL-RTP, NG : @ooL

! M

EREL
2 A Y;. UNMITED STATES ENVIRONMENTAL PROTECTION AGENCY i “;‘:( r‘%ig
£ ) OFFICE OF REGEARCH AND DEVELOPMENT Y N
3 3 AR AND ENERGY ENGINFERING AESEARCH LABOHATORY ) N E =
ke RESEARCH TRIANGLE FARK, NONTH GAROLINA 77711 . ;j; i o
A pr® I s
TEIEE O kg

L] Bl

] $ NS

DATE: May &, 1992 Sk |

ik &

SUBJECT: Masonry Wecd Heater Fleld Performance Data = '
FROM: Robert €, MeCrillis WM = ';g;%
Organiecs Control Bra MD-&1} ot j'I

Z Wl

TO: ' David toplay e ctlg
Chief, Emiszsion Inventory Branch (MD-14} B p

OROPS 3 S
. 2% iz

E I

THRU: Wade Fonder %E ';;1,::
Chief, Organics Contral Branch (Mbh-&1) 5 FAe ]

This mems cransmits to you my evalustion of tha test results
cbhtained during rthe 15%1-42 wintexr on masonry wood heators.
Masonry wood hearvaers are exempt fwom BRA regulacion under the wood
hegber NSPS because their weight ezceeds 800 kg. Some are also
exempt because thelr air to fuel ratio exceeds 25::. EPR
established a precedurs’ wherein manufacturers of axempt wood
burning devices could have their products tested in the field using
methods acceptable to EPA. EPA then would publish the results for
the statae and local regulatory agencies’ use in preparing S5IPs.

Four masonyy heacver nanuefacturers and one fTactory built
fireplace manufacturer decided to take advantage of this
opportunity and conuracted to have their devices fisld tested this
past winter. I was asked by OAQES to review the test procedures
nsed and determine if thsy were, in my judgement, accepiable to
EPA., The magonry heaters were tested by OMNI Environmental -
Servises, Tnc. and the fireplace by Virginia Polytechnie Ingtitute
and State University.

In my Sudgement, the procedures used hy OMNI were acceptabla
to BELR. To provide an independent revigew of theipr procedures, I
asked Judy Ford to provide QA oversight as if this were an AEERL-
funded project. Threa audits wers performed by Research Triangle
Instliuce (RPI!: Labora=ory Technical Systems, Laboratory
Performance Evaiuation, and Field Techniczl Systems and Performance
Evaluwetion, &4ll thrse zudits received the rating "acceptable with
qualificabions", fhis rating is next to the highest {kest)

1. Memo, ©.H. Reaner =o Chief, Air 3ranch, Reglens I-X%,
Septexber 23, 1991,
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- P IL R R Rg L2348 Ui 41 2L3T . REAABRERL-HLF M s =

possible ratiny. This raving mesns’:

tdinimum criteria are satisfied and good data quality seanc
likely: qualificarions on the possible limitations of the darsa
are notad and =ome cerrective actions may be recommended. The
racommendations may be implemented at the Project Officer’s
digeration. ™

Savaral of the more significant  recommendationg were implemented
and are reflected in the results in the following table.

Masonry heater field tast data - 1551-82 haating aeason. .
H1G Wend
Heates M8H  Burnrate ) vog Efficiency Species/
Brand g/ kg ky/hr arky g’kg 3 ¢ moisture
Grundafen 1.62 1.10 83,00 0.37 59,70 DEF/20%
Szown Reyal 2000 2.06 0.2} 59,10 65.40 hlider/20%
Blofira 423 2,29 0.85 12.00 54.00 BF/19%
Tulikivi ETD2100 €.3% 0.43 107.00 £9.00 DE/20%

The PMiI0 valuss have been converted to EPA Method 5H (M58)
equivalents. Undsr wood speciss, DF means douglas fir.

The procedurss used oy VPI were alsc acceptablie to EPA, in my
judgement, RTI i5 in the process of reviewing VPL's input. ABRRL
porformed extensive audits of VPI duzing the 1983~490 heating season
sasts in Crested Butie and fosuhd their procedures acceptable,

Since VPI used hisically the samé procedures and the same field
parsonnel thig winter, I feel confident in {heir sesnlis. As far
ng the fiyeplase resulfs are concerned, however, all this is mute
since the smission rates were much higher than hoped so the
manufacturer (Majestic) has asked that they not be dlseclosed.
AEERL is currently testing one af Majsstic’s "low emission”
firsplaces in our lzboratoery. To date, regultes look quite geed. 1
do nobt know why the field data came out high except that Majestic
teld me the homeowner cparsted it at a2 very low burnrate. This
firepiage incorpoxares the secondary combustion technology in the
petter noncatalytic woodstoves; i€ not operated hot enough,
howaver, they praduce high emissions. At the appropriate burnrata,
the fireplace consumes wood at a rate in the range cf 4-& kg/hr.
Perhaps the homeowner did not want to use wood at that rate.

I am attaching copies of the individual masenry heatar best
raports. I received these from the manufagturers and there was no
mention of the reporis being confidentlal.

ce {(with attachments): Chris Stoneman (MD-15)
Wichael Hanlin (MD-14)

2, REERL Quality Assurance Procedures Manual Jor Proiject
Officars.

2
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Attachment 5: ASTM E1602-03

‘QQIP) Designation: E 1602 - 03
L

HTRRMATIONAL

Standard Guide for

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

1 Amenoan Nawna Sherdad

Construction of Solid Fuel Burning Masonry Heaters®

This st dwd w iszutd ender the fred Jengaation B 1602 the oumber Enyaedurely fsdesng the dengrscion ndwstas the yaur of
gt idophot &, b thecatd of revewa, Bie year of hast reision. A ewneber m parantheses mdemaees 92 pear of lstreapprorad A
Arpeteaizt spaiba 1) dieans «n oditonial change sinoe the last rosicn of reapprovel

1. Scepr

L1 This guide vovers the design and censtustion of solid
foel burning masenry healters, Jt provides dimensions for site
constzticted masonty heater comparents and clearances that
fave Teen derived by experience and foumd to be consistent
with ths safe installation of these masorry heatess.

1.2 Vahws given I 57 units are 1o be regarded as standard.
Tnchpound nnits may be rmnded (see IREEASTM SI-105. All
Aimengens are nominal unbess specifically stated otherwise,
All clearances listed in this guide are zctaal dimensions.

1.3 This guide applics to the design and oonstweiion of
masonyy heaters built on-site wilh the components and maie-
riaks wecified herein It does oot apply to ik conglsuction
installation requivements for component svstems fhat have
been safety tested and listed. The requirements for listed
mazonry heter systems are specificd in the manufzchirer’s
instatiation instructions

i4 The design and construction of solid fuel huming
raasanry heaters shall comply with apphicable building cudes.

2, Referenced Docomente

L1 ASTM Stamderds: ®
C U Terminotogy Relating to Gypsum and Related Build-
ing Materials and Systems
C 43 Temrinology of Strostural Clay Products
C 71 Temamology Relating 1o Refractories
C 20 Specification dor Mottar for Unii Masorry
C 481 Classifieation of Alumina and Al ina-Silicate
Casiable Refracforics
L 136 Tewt Method for Bduvior of Maferials in o Vertical
Tube Furnace at 750°C
IEBE/ASTM 51-10 Standard for Use of the Intemational
System af Units (ST The Nodem Meiric Systen
2.2 UL Standards:

¥ Thar guide is undwr the purisdiction oI ASTM Commites 766 vo Perfonnwees
of Puddings sud 8 the direct resronaibitey of Subsomnuie 554 i Sclid tua)
Bumag Appleddiicn.

Crtmt editvn apored Oab 1. 202, Prcliched Yewember 2002.0ngioslly
ablshied a5 B 1602 - %4 Lag previcns sdtion B In(C - 94,

FEt rolecenced ARTM ctavdurds, vint Ge ARTM nfaiby, s a2mecsg, o
coabesk A5 TM Cuplstoer Servior at evicn@actm, eap. B Axnus ] Bk < ASTRY
Standards volra inforeatian, tefet v B standud s Document Suranary page 2o
e ASTM weaie. .

UL 103 Chimnews, Factory Built Residertial Type and
Building Heating Appliances’

3. Terminnlogy

3.1 Terms used in this guide are as defined in Terminology
C 11, Definitions C 43, Terinology € 71, and Classification
C 4L

3.2 Definltions of Ternes Speciffe to This Standand:

32,1 mproved—acceptable fo the authority having jurisdic-
tion.

322 quthority Raving fusdiction—the tiganization, of.
fice, mdividual, or Agent thereof, who is wsponvills for
approving constuction, materials, equipmerd, installation, pro-
cedure, snd 5o foth In most cases in which a building permit
ig Teduired, the authoeity is tvpially the building official or his
szent, Where n building permit is not required, the authority is
typically itie owner or his agoend.

3.2.3 Bypass donpar—a valve or plate ihat provides a divect
path fo the chimney foe for the floe gases or portion thereol

324 capping slab—a boiizontal refractory barnee coveting
the top of the maspury heater.

32.5 cleanont apming—an actess opening in 4 fue pas-
sageway of the masonry heater or chiinney that s designed to
allow acoess te (he flue Tor puapeses of inspecting for ardd
removal of ash, soot, and other exteanesus matler that may
become trapped .

32.6 domper—an adjustable valve or plate for controlling
deaft ot the flow of gwes, Inclading air

327 jirsbox (frechamberi—that portion of the masency
heater that ix designed for containing and burning die fuel
charge, .
32.8 gas siop—~a gnall fixed opening fat provides 3 bypass
for unbomed fue gaes, and B a oriticsl safety festive in
certainmpsonny hester designs (namety those of the Grundofen
type with vertical flus rons) (zee Fig. 1, Fig. 2, Fig. 3, and Fig.
).

3.9 tearth extenslon-—ihe noncambustible smfacing ap-
plied ta she floor area esending in front of and beyand each
side af the fusl loading door 6f the masonry heater; alzo appliey

2 jasilibds from Urdorapier = Liberinones, 33% Phngster Boad, Homhlirack,
1L 0043,

Spghe e ASTRS Intemana sl 190 Bxi Hamet Ove, PO Box G708, §9¢0t Dantahoton, PA BMZE-25ES 1hied Sules
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FIG. 1 Vertical Channel
Masonry Heater

{Russian}
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FiG.2 Horizontal Channe! Masonry
Hestet {Russlan)
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A & 180203

FIG.3 Combination Verticat and Horizontal
Channel Masonry Healer (German)

1. Cappixg Slab

2 Cean-0m

3. Combustion Air 2
4, Doygndeaft Channgd

5. Exhaust Gas Quiiel

6. Expansion Joil

7. Exterior Wl )
B. Firgbost

9, Fusbloadng Doy
10, Gag St

11, Hearth Extension
12, Heater Base

13, Hotizomtal Charmal
44. Updraf Channe!

e

2
741
T

@
O

| U

=

1o the floor beneath a masonry heater or beneath an elevated
vverhanging masgnry haster hearth,

3.2.19 nrwonyy frenler bare—that poriion of e snppor! for
the masonry heater, between the masenry heater and
fotndation, thar is telow fhe firchox or the heat sxchange
ateag,

3211 Festexchange fue channel—s chanber OF passage-
way betweet the faebox and e chimney flue in which heat
resnlting divectly from combustion of foel is transfered 1o the
sreunding maspiny.

3.2.17 Jechel —a Duropeat teym used t9 describe a masonry
heater tife; a refrectory oerarsic tile Ttended for the auter wall
of a masonry heater that is designed specifically to sore and
twansder heal.

3213 Bsled—equipment of materials nohuded in a list
published by an erganizdon concemed with produst evalua-
tioh a¢oepieble to the avthority having jidsdiction (o conduct

periedic inspection of produstion of listed equipment ot
materials and whobe lishing states sither that the equipment or
miaterials mest appropriale standards or have been tested and
found switahle for wre i a specified manner

3214 mesoanry heater—a vented heating systern of pre-
dominantiy masenry constniclion having a maszs of at keast 80¢
kg (1760 bs), excluding the chimney and masonry heater base.
In padicnlar, a masenry healer is designed specifically to
captuee and sore 2 substantiaf poriion of the heat epecgy fram
a solid Tuel fice in ther mass of the masonry heater tlrough
mremal hast excling: fine chagnels, enable 4 charge of salid
fiel mixed with an adequsle amommt of air to buen mpidly and
more completely at high tempetalvmes W oxder to redce
e¢misgion of wbirned hydrocarbons, and be constiuctad of
saifficlent mase and nofawe area soch that under mowmal
operating conditions., the external surfsce temperatme of the
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Mor=—heanaress form eorchsiibls walls o tasng ey be tslused with 2n sopineasd protesticn sysakn, vher thau in fon of aeldesding door
FIG. & Clesrances to Combustibtes
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inasonry heater fexcep! in the region immediately s\wmounking
the foel loading daorfx}), does not exceed 110°C 3.

315 mortar. masonyy—a mixtare of comentitions materi-
aly {consisting of Portlmd or blenided sement and Tovdmted
lime, masonsy eelgent, tnasanry gentent and Povtiand cement,
or maspory cemend and blendsd cement), fine aggregate, and
suffielert water to produce a workable consisteney feee Spaci-
fication C 270).

3216 mortar fire clay.-juonar sonsisting of fine agmegale
#d fire clay as a binding sgent.

3217 mortar. soapstone rgfrectory—a mixtre of pows
dered soaprione and sodivm sificate,

32.18 noncombusiible nuerinl—a waterigl that, in the
fotm in which it i uved and under the conditions anfiolpated,
doey not igpite, b, support combystion, or rekase fam-
mable vapors when sabjected to fire or beal. Materials reporied
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as passing the requicements of Test Method E 136 are, for the
purpose of this gutde, censidered nonconbustible.
3219 sogpstano—a variety of natual stone thydrated silica

FIG. 5 Contraflow Masanry Heater

(Finnish)

{4 £ 1602- 03

of mamesiumn) that i suddable for high-temperatoee applica-  wall,
tions in magonry heaters,

Page 24 of 72

February 13, 2008

3.2.2% wing wali—-a noncontbrastibrk lateral projection from
the exterior wall of a masonry heater for use in bridging 1he
space between 4 masoriry heater and a combustible paition
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FIG. 6 Five Channel Masonry Healer

{Swedish)

1. Cappleg Shals

2 Clean-Out

3. Combuslion A

4. Downratl Chamnel
§. Exhaus! Gas Dutlet
6, Expansion Joind

T. Exlstior Vial

& Firebo

9. FugtLoading Door

W, Gas 5l or Bpass

- Damper

11, Hearth Extension
12. Hagler Base
13. Instigfion

14, Updra Chranne)

4. Significance and Tise

4.1 This guide can be ured by code officials, architects, and
other interested pasties to evatuae the design and constivelion

of masonry heaters. It is not testristed to & specific method of -

constrixctian, hor Jdoes & provide all specific detnils of con-
siruclion of & mosorry heater. This gnide doev provide the
prineiples to be Tolfawed for the safe constouction of Inaserry
heplera

4.2 This guide is not tended a5 a somplete set of dizections

for consteaction of maserry twaters.
4.3 Consttuetion of masorry heaters iz complox, and
ceder to ensure fheir safely and performanes, constnuction shall

be dene by or under the supesvision of a skilled and expen.
enced masonry heater builder? -

5. Requivements

5.1 Foundation—Nesonry heaier fumdations and founda-
tien walls shali meet loeal buiiding cades for standard masoncy
freplaces and shall be dexigned with consideration given ta the
rwss and size of the magorwy heater.

32 Cleargnes from Combustibles—learances shall be in
conformarce with this gection, as illastrated in Fig 4.

A The. Moty Headr Azscosatson of Herth Ansstiag [ 352 S1ck Fum gead,
Randelph, VT 63060, wob ste hupSrowwmba-ne o1, 19 08 afanzioeg ba
erpreeen 3 budy of bnsahdse op marctsy bmisr comstoshon and quilSed
fuike

The Maonry Pradoaz Caupno of fie Higth Produssz Aesecunon, 1540k M. Xent
Stroet, Suite 190L Aringten, Vi, 22539, weh ate htipeifrvehsrhaseor org, ¥
wnther o ion that eey both mamdfackarey end qualifisd bulders of
mirony heawrs

Page 25 of 72



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

&b & 160203

5.2.1 Clacrance from Foudation—All combustible sttoe-
fural framing members shall have a clearance of not less than
50 man {2 in} from e masoury heater fonndation

522 Clewrance from Fuel-Loading Door—Maintain a
miotnam clesrance of E260 mm {48 in) from combustible
matedals to faekloading doors, unloss ean enginesred protec-
fion system as specified in 32.2.1 & provided, exespt for
clearace directly in front of foel-leading doars. A mhizum
¢lesrance of 1200 pun (48 in) shalf be muintzited in frond of
foel-loading deors. This dimension shali pot be reduced for any
TeAs 0N

5221 Clearmwe fom fuel-loading doors to combustible
materials iy be redoced, othar thart = frant of foel-loadiug
Joors, if the sombustible malerial is prolected by an engincered
protection system accepuable 1o the authorty having jurisdic-
don. Bnginesred svstems instalied for the protestion of voim-
bastible materizl shall lintit fhe lempeatee of e combustible
material to 50°C ($0°F; above amblent tempesatwe, Systems
shall be desigred upon applicable heal transfer principles,
aking into aecoun) the peometry of the system, the heat loss
characteristivs of the stroctoe behind the combustible malerial,
end possible abnormal operating condittons of the masouy
heater )

52211 When an enginesred protzction system is used to
reduce the perpendicolar okaranee frow fuel-loading doors, it
most extend 3 midmum of 200 am (8 in) shove ihe
Fael-toading doors or firchax opening. Tiv addition, the sum of
the dimensicis fromw the fiel-foading doors, e Sirlance from
the heater to combusiible material, and the fength of the
protection system in front of e heater face dall be no Jess
than 1200 mm (4% in )

523 Cleorance fiow Rean Sido, und Fromt Walir—
Clearance from 4 masomy healer to combusible smuciueal
framing and sther combustible materials shall be not Jess than
100 mm {4 i}, wless an engineered protection systém is
provided, or s- piotestion system accepted by the athority
having juisdiction is provided.

52.3.1 Clearance from s masonuy heaker ro combusible
matetials may be reduced by the use of matertals o1 products
listed for protection panoses. Materials and produots listed for
fhe punpose of redacing cleasance to combuwibles shall be
installed in aceordance with the conditibns of the fsting and
fie marnfasiper's instructions and shall meet e criteria of
Section 5.2.2.1.

5.2.4 Clawanee fron: the Ceiling—The clemance fiom the
masonry heater capping skab to the cailing shall be & minimenn
of 200 m {5 in}.

5.2.4.1 Erieusions of Exteriar Wathes to Coiling—When
exterior masoy wythes of the masonry heater are eanied o
the ceiling, inwilate and vent the top of the masonry heater
above the heat exvlange channels to tedave posvible datic heal
tuildup.

R25 Wing Walls—Wing walls nuay be added to 2 mastany
Tieater and wsed as Yoom partitions. Wing walls Tocated at the
uonzys of & wazancy heater for the purpese of forming a reom
divider #all be 3 mininun of 100 mm (4 in) in lenglh and a
maximam of 100 mm (4 ) in thidawss and be constrosted
with noncombustible materiats. Wing walls located more than

200 mm (8 i) from 2 comer of tre masoncy heater shall be 2
minimum of 20 mm (§ i} in length and 4 meximum of 100
mm {4 n} m Mickness and be constracled with nopeambos-
fible materials.

5.3 Fiwdox Flar—The fircbox Boor shalt be 2 mirnimum
thiclknugs of 100 ann (3 in) of noncombostible material and at
least the top 50 mm {2 in) shall be refiactory material. The
ficsbox floor or 2 portion fheeeefl ntay alsa contain a cast jron
pating,

5.4 Hewth Exlension: B

5.4.1 Musonry heaters shall have hearth extensions of brick,
corkrete, stone, tile, of oftet approved noncombusilsle mate-
rial properly supported. Remove wooden forms vsed during the
consdnaction of heaith @1d beatth extension pnes construction
is complesed.

5.42 Closed Door Flreboxes—With a masonry heater dfe-
sigred to be flied with & clesed door of glass or meta, the
hearlk extenaton shall be at least 508 mm 20 in.) in front of the
facing materials and at least 300 mm {12 in,) bevord each side
of the masonry Ikatsr opening. When a raised hearth of af Jeast
200 mm {8 ) in Ieight is used and 1he hesrth extension is
located at the hase of the Joon, e hearth ¢xlension can be
reduced to 400 mm €16 in} In Fronit of e foping muaterials,

54.3 Gpen Fireboxas:

5.4.3.1 Whegehe firebox opening is kss than 0.6 m” (6 ¥°)
the Rearth extension shall exfend a1 least 400 am {16 in.j
front of the: Bacig materials and at Teast 200 om (8 i) bevond
each shbe of the firebox apening.

5.4.32 Where the ficbox opening is 0.6 167 (§ BI%) o1 larger,
the hearth extension shall sxtend al least 300 mo {20 jn.} in
front of the facing materialy and at teast 500 mm (12 in)
bevend each side of the firehox opening.

54,4 Where a firsbox opening overhangs a floor, the hearth
extenaion sholl also cover the area bensath the everhang #1d
extend bevend The firebox opening as spectfied in 5.4.2.

5.5 Chonet Dpenings:

55,1 Chimney floes shall have 2 cleanow zccess at their
base.
5.5.2 Heat Excliange Channelr—4f the design limits naturaf
access, install cleanowt openings or a means for cleaning all
chimney flues and hest exchange areas. Ifan ash dump o pare
i provided in the firebox, provide a tight-fiting cover of
nongambustible material, 3 mtn (5 in) minimum thickness, ac
the hase of e ash pit. Cleanout doors for the foundation shall
have 2 mininun slze of 269 by 209 mm (8 by 8 i) Simate
tlie opening to facilitate inspeotion, cleaning, md mabtenance
of the masoury healer.

5.6 Qusside {ombustion Air—When sequind by the Jocal
building code, provide & dust with & minimum cross-sectional
area of 7700 mm* {12 1) or equivaknt, When outside
combustion alr is required by the autherify having jurisdiclion
the doet shall have a dapipey that ean be fully closed wlen not
i nse. Materialy shall be noncombustivle and methods of
cahstkction shall somply with the requbements of the author.
ity having jonisdiction

5.6.1 In applications in which owtside air i infroduesd
diractly inte the firebost. the air duct mist enter the building at
a level betow (he firebax.
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5.6 Design and position the ai indet to prevent Yive coale
from entering the air dnet. Te prevent rodsnits fom entering fhe
air dust, cover the aisside entry opening of the duct with 2 &
M (% in} comgsion resistant wire mesh

3.8.3 Ash Pt Tocated in Foundation—When owsida air is
intraduced into the firehax via the ash pit, introduce the air duot
throogh the upper wogion of the ash pit wall.

5.4.4 When onimide air i intraduced inta the firebox,
sonstruct the aiy ducl frem nonsoxrbustible materials.

3.7 Heat exchange shumels:

5.7.1 Heat exchange charmels shall be built with frehiick,
soapstong, or other refroctory materizle laid in refractory
maortar, fire ekay mrouter, or spapstone reGagtgry mortar, Ma-
sovry nnits shall be lald with faB mortar jeinta,

5372 Cupping 3lob—A capping slab shall be of at kast 57
mm 3% i) i actual fhickness aliove the uppenmost heat
exchange channefs.

5.1.3 Gas Slot—When required, a gas slor shall have a
cross-sectional area of af least Ko of the fimbox Boor area and
aheight of 30 mm (1% ). Refer ta Fig 1, Fig 2, Fig 3, and
Fig. & for typical lovations.

58 Shuroff Danper(g—One or more sht-off darapers
may be ingaliod near ithe jomcture of the masoncy heater and
chimnay or i &he chinney. Exch damper shinft have extepial
controls and be constructed of cast on or steel of af Jeast 32
gangs, 1.5 mm (010 in} In thickness, To reducs the possibility
of tonio gases escaping info ihe raom, the tross-sectional area
of the damper’s cpening shatl be not kss than 5% of the
iterior cross ssctional area of the floe.

3% Chimney—Nan masorcy heaters with a tow-hent typs
masenry chimney approved by the authority having jurisdio-
tion of with 2 factorybutl rezidentfal tvpe chiinney that nieets
fhe requirements of UL, 103 HI,

591 The chimpey shalt not be supporied by the interior
walls of the masonry heater unless specifieally desipned to do

" s0. The chimney can be built Ftegyaily with anexterfor wythe

of the wasonry heater, provided the extenior wyihe is cons
Hrxted of solid mazorey and has a minimum thicknwess of 1040
mm {4 in.),

592 Plwe sizes shall e in accordanos with the design
specification of the hrilder or the designer of fhe masmny
beater

5.19 Chintney Comrector-—The chimmey connecior shall be
aoessiblz for inspection and eleaniy, Clémoey connoctors
shall be aitight and fited with airtigly jnime, Wikere differen.
tial mowvement can take place beineen & masonry heatee and
chimrey, make provision for this moverent i such & way as
ta mainiain e mtegrity of the connector joints, Malerials and
methods of consmustion shall comply with d# equircments of
the authority having furisdistion.

&. Typical Masorry Heater Types

&1 There ate sevetal different masonry heater types, Fig. 1,
Fig 2, Fig 3.Fig. 5, and Fig. 6 show the tiames and schum atic
acotiony of typical masenry heater designs,

T- Keyworids

7.1 brick; Contraflow; firsbrick; fire cluy mortar; Grand-
ofen; Kachelofen; Kakelagi: mrasoney hester; morta; reftac-
tory mortar; Russian; soapsrone refractory morter
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Attachment 6: Summary of Emission Test Reports for Masonry Heaters
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EXECUTIVE SUMHARY

A standard test mathod for determining carbon monoxide {CO) and
particulate wmatter (PN} emissions Fron masonry' heaters nas been
developed,  The method specifies the fueling protocol and laboratory
mpasurement pracedures for determination of hath emission rates {g/hr}
and factors {g/%g). The fuel load size and 'fu‘gling {atervals are
dependent upon the ‘Firgbox volume of the masdriry ‘heater,

The test starts with the heatar At -ambient teﬁserature §né ifvoives
five 'firings' to -achieve ‘burn rates o twe rangégj “The -law burn rate
range, used for the FIFSt tuo Firfngs, {s 0,70-1.10 dry kg/br. The high
burn rate range, used for Lthe last threa firings, is 2.10-3.30 dry
kgfhr.  Emission samplas are extrac;ed_from ] d{1ut1an'tunne} with a set
flow vate and configuration. - PM- sampiing 1s similar:to EPA Method 56
for woad stoves. CQ concentration s measured by a nondispersive :
infraved {NDIR) gas-analyzer. The emissions vesults for sach firing are
burn-rate weighted -sccording to EPA Mathed 28 to” obtain the overall
emission totals for the test cycle.

The emissions were measured for a Grundofen and a Contraflow type
masonry heatar. The averages for fne two heaters of the EPA weighted
average emission rates wére. &7 g/hr CO.and-l;ﬁ g/hr. B, In 2 paralled
effort, a field sampler for masonry heaters was devaloped and tested in
the laboratory. The flald sampler shows accéptab1a agreement with the
stendard test method for €O emissions, but the PH emissfons results are

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

Prepared for: Western States Clay Products Association
3130 La Selva, Suite 302
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Prepared by: Stockion G. Barnett
OMNI Environmental Services, Inc.
10950 SW Fifth Street, Suite 160
Beaverton, Oregon 97005-3404
September &, 1991
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Executive Summary

While woodstoves have undergone extenslve regulaion for almost ten years, fireplaces have only recently
begun to be raguigted. Caplmlizing on the woodstove regulatery experience, this projoct was
cormissioned by Western States Cley Products to be tho first research project to obtain basic baseline
emissions data on masonry fireplaces and masonry heatérs under real-worid conditions in bomes. Direct
comparison of results with previous fleld studies of woodstoves and peflet s1oves can be made.

‘The main objective of the current projest was w measure particutate and carbon monoxide emissions from
a baseline of conventional fireplaces and a group of potentiaily cleanar-burning fireplace designs and
masoucy heaters. Additional objectives were 10 evaluate the effects of wood moisture and aliitude on
conventional fireplace emissions.

To ensure widespread applicability for the Pacific Northwest and tight scientific conpl, the Porland,
Oregon area was chosen as the fleld area, Douglas fir was used a5 the fuel, and fuel moisture content wag
held constant at 20%. Al homeowners buried as they normally did and ro instructions on burniog
techniques were given. Five conventional firepfaces, two Rasin fireplaces, one medified Rumford design,
and two masonry heaters were avaluated.

The Automated Woodstove Emissions Sampler (AWES}, which has been vsed extensively in fisld studies
of wordstoves and pellar stoves, was used to measure emissions. The samplers were operated for seven
days in each home. Typivally each home burned their firepluce once a day. Tests were conducted from
December 1990 throngh March 1991, An additional 125t on one of the Rosins was conducted o Jung
1991

The tests provided inforsnation on how homeowners burn theix fiveplaces. For the conventional fireplaces,
the average bumn ratz was 3.45 dry kg/hx, the average burm cycle length was 4.3 hours, the averape
pumber of wood loads per burn cycle was 4.4, and the average wood load weight was 9.4 wet pounds,
Of these varigbles, the only one with 2 large amount of variation was the average woud ioad weight,
which varied over z rangs of 3:1.

Magonry heater burn patterns were quite different. Average bura rate for the combustion period was 8.2
ke/hr for the Contraflow and 2.5 kgfor for the locatly built Russian unit. Average burn leagths were
2.2 and 2.3 houts, respectively, and wood leads averaged 47 and 15 wet pounds, respectively. Both
heaters were burnad only once or twice per day as needed to heat the homes.

Particulate emissions® front the conventions! fireplaces averaged 24.9 g/kg, 82.7 g/hr, ard 14.1 averags
daily gfhr, These values are near the upper end of the range of results In the lheratuce, which comprises
mos{ly Yahoratory tests. CUO esigsions from the conventional firepluces averaged 107 gfkg, 360 g/hr, and
64.5 average daily g/hr. )

1 This heates was built by a local mason who had 1o prior experience in masonry heater design.

2 Ppasticuiate emissions in this report ave expressed in AWES nits which are directly comparable to
all previous field woodstove results. Values for EPA Method SH, the lab certification method, would
be 10-20% lower.

OMMI Environmenial Services, [nc (£0102B01 917} it
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Emissions from the Rosin fireplaces were penerally less than 50% of those from the convendonal
fireplces. A retest mdicated that the p/kg differeuce was significant 2t the 98% probability level,
Particatlate smissions averaged 10.4 glkg, 33.2 gihr, and 9.0 average daily gfbr, CO emissions averaged
52.5 gikg. 158 afbr, and 47.3 average daily gihr,

Emissions from the Contraflow masonry heater were sbout half those of the locally designed and built
Russion hearer. Comtraflow particulate emissions were 5.6 g/kg, 45,7 gihz, and 5.6 normalized average
deily g/hr. CO emissioms were 41.0 g/kp, 336.3 g/hr, and 31.0 normalized average daily gftr.
Emissions from the locally designed Russian unit were about twice as high. .
The format in which emissions resnits are presented i of grezt impormncs, For example, use of different
formats can result in as much as an §:1 difference in comparative emissions resufts. CGrams por howr
{which is used for woodstoves) is considered the poorest representation of fireplace/masonry heater
smissions -because these types of devices are opby burned for a few houts sach day. Thus, use of g/hr
greatly exaggerates emissions contribuions 1o airsheds. A new term. average datly w/hr, s introduced
which appears t ba more appropriate. This format portrays the 1otal amount of poliution tha a given
combustion device contributes to an abrshed on a daily basis. Average daily g/hr is used cather thun
grams per day to facilitace @ direct and easy vomparison with the hody of wondstuve data which is
expressed in grams per hour, Grams per kilogram produces somewhat similar rankings for fireplaces,
but is Jess appropriatc 10 meer che objective of quantifying the amoun of pullution per day. Itis,
fiowever, valuable in caloulating the total emissinns contribution per burning season for any residential
biomass combustion device.

To facilitate direct comparizon of musenry heates results with those of woodstovas, the term normalized
average daily g/hr is used. This term refers to average daily e/hr at 2 bum rate of 1.0 kgfhr, the field
average for certtfied woodstoves. This term: is equal to g/kg.

The effects of wood moisturs (range 15% to 24%) on cmissions from 4 conventional fireplace were
signifieant ahove 20% rooisture. Emissions ranged from 22.1 at 15% moisture to 41,4 gikg at 24%
moistore. The effect of altimde on emissions could not be measured béczuse a second variable—long
burns associated with the fireplace being burned only on weekends—-was present.

The reat-world dara collected in this projeet van be nsed to negotiate with regulators w devetop fair and
equitable regulations for all stakeholdars. Efforts should be made t ansure that the relatively clean-
buming Rosin be acceptable for burning within any of the new regulations.

The ¢ara from this project should be used as the foundatlon for the development of a realistic emissions
Jaboratory standard for masonry fireplaces and heatess” and o avaluate candidate laboratary test methods.
Considering the large mass and lack of portabitity of masonry fireplaces and heaters, in-home testing {as
conductad in this project} must be considered zn acceptable certitication procedure,

“rhe Fireplace Emissfons Research Coalition (FERC) laboratory test procedure of Virginia Pelytechnic
Tostitute (VPT) should be evaluatad for applicabHity to masonry tireplaces by compariag the Brick Institute
of America (BIA) results with those of the current project. ‘The VPL masgary hearer Jaboratory procedure

5 This development process would philosephically follow closely the system currently being used to
develap the siress test protovo] for woudstoves which will be used 1o evaluzte potential product durabitity
problems.,

CMNI Environmental Services, Ine. (B0102B01.017) iii
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Summary Report of the
In-Home Emissions and

Efficiency Performance of Five
Commercially Available
! Masonry Heaters

——

Prepared for: The Masonry Heater Association

B Prepared by: Stockton G. Barnett

[ . OMNI Environmental Services, Tnc.
10074 SW Arctic Drive

' Beaverton, Oregon 97008

! I May 22, 1992
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Executive Summary S
.General. ... e e

; ‘Emisslons 7agularions far resldentizl woodburning devices have become tighter in recent years, In 1985,

the EPA established a wondstove certification program that went into effect in two stages in 1988 and

1000, Masonry beaters, which essentially funciion as high-mass, rapidly burning woodstoves with 2 large
“heat storage capacity, were exempted from his program by virtwe of their large mass,

R

i

! More racently, tertain airsheds in the west, with extensive residential woodburning, have been declared
. in nonatiainment by the EPA for airborne particelate mater of less than 10 mierens in diameter (F3;p).
l Stae Implementation Plans {SIPs) have betn wrirten ta develop air pollution reduction strategies tu bring
fhese zareas Into compliance, Unfortunately, masonry heaters have not been intJuded in this process
2 ecanse they cannot qualify for EPA emissions certification due to their large mass. Heace, they have
i 1 mot been placed on The EPA's Reasonzbly Available Contrdl Measure (RACM) Emissions Reduction
Lreditdist, Accordingly, state and local governments have exeluded masonry heaters froms teir own Jists
oF aniissions seducifon control strategies. Recently the EPA, in recognition of this problem, instituted
! an “ihome” emissions test option for “pon-affected™ residential wood combustlon RWC devicesy such
p 25 masanry heaters. These fests provide more realistic emissions and efficiency information than Jab tests

4 and their results can be used to obtaie emigstons reduction credits.

Objectives and Methodology

Thig projent’s wnain ohjective has been to sample a representative population of commerclally svaifable
masoary heaters in homes, The data will be used by EPA to produce a masonry heater AP-42 emissions
value which will be used 1o calenlate an emissions reduction credit. An additional objective has been to

! sxplore thesa heaters as potantsily very clem burning technologies that can qualify as jow-emiiting Best
Avallable Contral Mezsures (BACM).

: Particulate (PM) snd carbon monoside {CO) emissions and net efficisncy were measured on fivemaspmry
o heaters in western Oregon and Washington ia 3901 and 1902 using OMNI's Automated Woodstove
Emjssions Sampler (AWES). Each heater was opetated by the bomeowner i his normal feshion and was
fired seven 1o ten times during the week-long test. In four of the five houses the heater was the only

: sourcs of heat,
Results

PM emissions for the five beaters averaged 3.2 g/kg, 1.8 average daily g/hr, and 3.2 normalized?
average daily glhr. These PM values are higher than field values from certlfied peltst stoves and lower !
' ... ..Yoan fom Phase 1 EPA certified noncatalytic woodstoves. . i

! 1 Emissions valuss zre *normalized™ for easy comparison to 1 dry kg/ht bumn vate, the average In-
N home burn rate for certified noncatalytic woodstoves.

OMNF Enviromeniad Sepvices, tne, (80133-01,001) i
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b

T,

o

CO emisslons averaged 74 gikg, 50 average daily gihr, and 74 normalized daily gfbr. These valties are
comparable to Phase I EPA periified noncatalytic woodstoves. . .

S - .
5 " The avemage met deliverad efficiency was 58%, which Is midway betweet conventional and EPA certified
) | Phase [ woodstoves. Average'heat output was 7425 BT /by and average dally burn rate was 068 dry
. Igfor, . ’
Following EPA procsdures and using the most zecent field data, the averags masonry beater £miFsions
_I Tedustion rredit 3t 81% compared 1o $1% for corified peliet stoves and 64% for certified noncatalytic
swoodstoves. Beeause the final wersion of the BACM guidance document i not yet availsble, mesanty
‘esters will have 10 be evaluateq for BACM stams at a Tater date. '

OMNI Ervirorantatal Servives, Ine. ($0333.01.001) H]
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Emissions Results

PM emissions for fhe five masonry heatets averaged 3.2-glkg and 2.1-average dafly g/hr-(Teble 1), The -
averzge.daily buin st was 0.69 dry kg, The 95% coxfidence Iimit for each dest is generally abont
420% of the emissions value. The 95% confidence limit for the five heater average is £2.8 gfkg.
Tables 1 through 7 in Appendix A contain the results from each heatec’s emissions test.

Table 1. Summary of emissions angd efficiency resutts for the five masonry heaters,

FM <o Bum Rate | Net Efficlency |
Heater Model ; 3 i
ke A'v;.’ﬁax!y o Av;}ﬁaﬂy. Av;‘.g];raﬁy Ave. %
Biofire i 19 18 i1 & | 0.95 54
Gnmdofen 1 14 ] 15 18 | ® oy L] 50
Heat kit 58 3 44 1 4 31 076 . ‘54
Royal Crown 14 03 | 69 15 0.23 5
Tulikivi 5.7 23 |17 44 0.41 59
Averages az 21 | 74 50 0.69 . 58

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

Comparatively, tae average PM smissions (Figure 5) were somewhat higher than emissions from cerdfied
pellet stoves (1.7 g/kg) as tested in homes (Bamett and Roboit, 1990) snd considexsbly lower than EPA
1990-certified Phase Il noncaalytic wondstoves {AP-42 value of 7.0 gfkg). The average masonry heater
emissions are 79% lower than the EPA"s AP-42 emissions value of 14.9 gfig for cooventional
woodsweves (Table 2),

CO emissions are comparatively not s 1ow as PM emissions. They are comparable to Phase I certified

noncatalyric woodstoves but slgnificantly lower thar conventional stoves (McCrillis and Jagsma, 1991 and
Refereqce 15),

Efficiency

The average nct delivered efficiency of the five masoary heaters was 58%. This efficlency is about
miduay between the 50-55% average for corventional woodstoves and the 65-70% average for Phase I
woodstoves as measured in homss (References 1,10,14,15). The average heat output was 7248 B{'Ufbr,

The design of the heat wansfer systems is gensrally not quite as effective as Phase II noncatalytic stoves
{Figure 6). Improvement could be mede by reducing the excess air so that stack oxygen avezages abowt
15-16% and abming for an average stack femperatore of 300 to 350°.

OMMNI Environmental Sarviess, Ino. (B0133-01.601) 11
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Evaluation of Emissions from
-i - Masonry Heaters and
Masonry Fireplaces in Homes

Stockton G. Barnett
i OMNI Environmental Services, Inc.
Beavertgn, Oregon

' ‘ Robert C. McCrillis
U.S. Environmental Protection Agency
Air and Enexgy Engineering Research Laboratory
Research Trangle Park, North Carolina

Richard B. Crooks
Mutual Materials Company
Bellevue, Washington

B S
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]. PM emissions from the eonventional masonry fireplaces averaged 249 g/ky, 82.7 gihr, and 14.1 i
i average daily g/fir (Teble 1 and Figures 2,3,4 and 5), These values are near the upper end of the 1ange of
i ragulis in the Jitaratore, ™ which comprises mostly laboratory tests and some field tests with the fireplaces

| beng operated by laboratory technivians, The EPA vecently revised their fireplace AP-427 downward from

14.0 1o 10.8 glkg. CO emissions from the conventional masonry fireplaces averaged 10 g/kg, 36 g/hr, and

64.5 average daily gihr (Figure 6), significantly higher than the EPA AP-42 value of 61.1 g/kg.

PM emissions from the Rosin masonry firepiaces were genecally Jess than half of those from the
! conventional masonry fireplaces (Figure 2, 3, 4, and 5). A r-test indicated drat the-grams-per-kilogram
- difference wus sigoificant at the 98% probabiiity level, Particelate emisslons averaged 10.4 gikg, 33.2 g/hr,
) and 9.9 average daily g/br, CO emissions averaged 52.5 g/kg, 158 gler, and 47.3 average daily g/ (Figare
'-] 6). The retrafit Rosin reduced emissions by 47% compared to its conventional predecessor.

The effects of wood moisture (muge, 1510 24%) on ¢missions from a conventional masonry fireplace
were significant above 20% molsture, Particulate smissions ranged from 22,1 g/kg at 15% moistuze to 41.4
glkg ot 24% moisture {Figure 7) and CO emissions ranged from 109 1o 140 g/kg (Figure 8).

Masonry Heater Emissions
The underfire air Comtraflow masonty heater particulate emissions were 5.6 g/kg, 45.7 p/ir, and 5.6
' nommalized averags daity g/r (Table 2 and Figures 2, 3, and 4), CO emissions were 41.0 g/kg, 336.8 g/hr,
aed 31.0 normalized average daily g/br. Particulats smissions from the non-underfire air Grundofen were
only 1.4 gfkp, 5.5 g, and 1.4 normalized everage daily gfhr, CO emfissions were 83 glkg, 339 g/hr, and
83 normalized average daily g/hr. The Grundofen’s particulate emijssions are among the lowest Taeagused for
an RWC device, about the same as the cleanest-burning petlet stoves.

Three other potentially promising masonry Leater desigus are currently being evafuated in the field.
Trmprovements fn masonry hegter design, in particular the shandonment of underfire air, are currently being
undertaken, It appears that masonry heater technology Holds promise for mesting the strletest of emissions
standards.

Fiel@ Versus Labroratory Results

It is important to compare Held and laboratocy results since the validky of laboratory tests hinges on
their apility to faithfully raflect and predict field performance. Becanse Jaboratory certification tests for
woadstoves do not correlate well with field performance™'" these is additional need to closely examine such
! relationships for each type of RWC device, There are pow comparative data for masonry fireplaces, and
masonry heater dutn will be available soon.

: A project was condueted by Virginiz Polytechnic Instituie!® (VPI) for the Hearth Products Association
. (HPA} which used a newly developed Iaboratory test protoco! for fiveplaces {0 measure emissions from both
’ conventional and Rosin masonry fireplaces. The conventional baseline included one fireplace, and the same
: _ Rosin mode]s which were evafuated in the curvent project were tested at VPI. The rasults {Figures 9 and 10}
- show that the conventipnal fireplace PM emissions were only about 20% of the field average and 30% of the
. cleanest-hurning field fireplace in the corrent stedy, The Rosins were about the same in the laboratory as ie
! the fiald, The net result is that the relative ranking of the conventional and advanced-tochnology firéplaces is
: revarsed. As a result of this problem and the gross understatement of the conventional fireplace ernissions, it

, 5
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Figure 2, Compdtison of PM grams Figure 3, Comparison of FM grams
pez hour for woodstoves, per Kilogram for wood-
fireptaces and stoves, fireplaces and
masonry heaters. masonry heaters,
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Figure 4. Comparison of PM zverage daily grams per hour for woodstoves, <
fireplaces and masonty heaters.
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In-Home Evaluntion of
Emissions from a
Temp-Cast 2001 -
Masonry Heater

Prepared for: Temp-Cast 2000 Masonry Heater Mannfacturing, Inc,

Prepared hy: Roper Bighouse
Stockton G, Barnett
OMNI Enviropmental Services, Inc.
10074 SW Arctic Drive
Beaverten, Oregon 37005

May &, 1992
5013301
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Every three minutes it operated for ons minute. This causes the collected gases to be more dilute thaa
these emitted during just the combuastion phase. Thus, in Tabls I, the O, values ace artificially high and
the CO and €O, values low. This method of gas collectinn does not affect the calenlated CO emissions
values at all, however,

Emissions Results

Pyt emissions averaged 2.96 g/kg and 1.26 average daily g/hr, Table { shows the results from each
emissions test, The 95% confidence limit for the gfig value 15 £0.6 g/kg. Normalizing the grams per
hour ernissions to & | kg/r buch rate a5 described in Barnett (1991) yields 2.96 normalized daily gibr.
The average daily burn rate wss 0,43 dry kg/ur.

Average CO emissions were 82.7 gfkg, 35.2 sverage daily gnir, and 82.7 normalized average daily gfbr.

Comparatively, the PM emissions (Figure 47 were between the enissions of cartified pellet stoves as
tasted I homes (Barnett and Roholt, 1990) and EPA 1990-centified Phase T noncatalvtic woodstoves,
The Temp-Cast 2001 emissivus are aboul 30% {ower than the EPA*s AP-42 emissions value of 14.9 glkg
for conventional wondstoves.

€0 emissions are comparatively not as low a3 PM emissions. They are comparable to Phase T certified
noncatalytic woodstoves but sipnificantly lower than conventlotal stoves (MeCrillis and Jaasma, 1991 and
Reference 11).

Efficiency

The average net delivered efficiency of tha Temp-Cast 2001 was 61.8%. ‘This afficienty s in between
the 65-70% average for Phase I woodstoves and 50-55% average for sonventionsl stoves as measured
in homes (References. 1,6,10,11), The average heat outpur was 4915 BTU/hr,

The net delivered efficlency §s average for masonry heaters (Table 1 and Figure 5). The design of the

Teat transfer systain coulé perhaps be improved somewhat by reducing the gverage stack oxygen to 15
16%.

The woadstors velues in this Tigurs am (mm the summary papey by MeCrilliy eod Joasma, 1391, The Centified pellct .
#ove valucs ase frony Barmen und Ruholt, 1990, aad lhe sacmpt paliol stove valied e fom Bamedt and Fislds, 1991,

OMNI Bavirocmental Servicen, lop. (80131.01) g
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MASOMRY HEATER EMISSIONS RESULTS
FAOUBE AND BUN:  TEMP~CAST
SAMPLE DATES: 4f2z-29/92
HEATER TYPE: TEMP = CAST 200
FUEL TYPE; PLOFLAR
.
TOTAL STOVE BURMING HOURS = 40.05 HOURS
% OF TIME HEATER BURNED= 23,84 PEACENY
AVE. STACK TEMP= 189.81 DEGHEES F,
* AVE DXYSEN [2TACK = 16.60 PERCENT
& AVE. OXYEEN (BAG)= aatrn
TOTAL WOOD USED, WETLBS = 190.0
WOOD MOISTURE (DAY BASIS 5)= 266 A an
AWES FLOW RATEIL MiN)= 1.08 suban
LENGTH DE SBAMPLE CYCLE IMIN )= 3 anwee
AVERAGE ©0 % (BAG) = o.534T Feand
, AVERAGE COR % [BAG)= 0.83 Hewwr
VOG, PPM (BAG)= Rkl
TOTAL PARTICULATES IN NG,
RAINGE= gy
XAD= Q.6 #AH
FILTER> 12,9 veur
MINUS AVE BLANK 3.9
TOTAL PARTICULATES= 0055 GM.
TOTAL DRY WOOD USED s 71.45 KG.
* BUAN RT {DRY KG/M) QURING BUAN= 1.78 KGHA
AVEDAILY BURN AT [DRY KG/H) = .43 KGHR
‘ AR TO FUEL RARO= 56,42
) *PARTICULATE ENISSIONS!
* GME G 706
GMKGE UNCERTAINTY = 1313
* GMfHAD 5,29
Ave, defly gfhr= 1,26
* O EMISGIONS:
GM/KG= 82,72
GMHA = 147.57
Axo. dally gitr= 2518
VYOG EMISSIONS:
GM/KG= 0.00
GMHR= .00
Avo, daily gite= o.00
ADDITIONAL 1TEMS:
AVEWOOD LOAD (WETLB)= 24.80
AVE. WOOD USASE/DAY (WETLE)= 28,43
# TIMES LOADED/DAY = 194
AVE. AMBIENT TEMP= 70,89
- NET EFFICIEAGT:
COMEUSTION EFFIC.= 04,4
HEAT TRANS. EFFIG= 654
NET EFFICIENGY= 51.8
NET QUTPUT (BTUMHRI= 015
Tahle 1 10
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In-Home Evaluation of
Emissions from a
Mastercraft
Swedish Heater
Kit Masonry Heater

TPrepared for; Mastercraft Masonry
PO Box 73 _
Brosh Prairie, WA 98606

Prepared by; Science Applications International Corporation
10074 SW Arctic Drive '
Beaverton, Oregon 97003

March 23, 191
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Executive Summary

Particulate (PM), carbon monoxide (CO), and volaile organic compounds (VOC) emissions were
measured using SAICs Automated Woodstove Emissions Sampler (AWES) systems on 2 first-year
Mastereraft Swedish Heater Xit masonry heatet Tocated near Bartte Ground, Washington in March 1993,
The heater was operated by the homeowner in his normal fashion using douglas fir cordwood with 13.5%
average moisture {dry basis). The unitwas fired seven times during the week-long test. The AWES was
operated for the entire test and ts results are reported herein.

PM emissions averaged 1.90 grkg, 1.32 average daily gihic, and 1.90 sirmalized average daily ghe.
These PM valués are between those obtained from certified pellet stoves apd EPA certified Phase 11
woodstoves o the field,

CO amlissions averaged 95.7 g/kg, 66.3 average daily g/hr, and 95.7 normalized daily ghe. Thesevalues
are comparable o Phase I EPA certifted noncatalytic woodstoves.

VO emissions averaged 5.57 g/ke, 6.63 average daily g/he, and 8.57 normatized daily gihr.

The average net delivered efficicncy was §2.5%, which is in berween EPA certified Phase II woodstoves
and couventional stoves. Averags haat culpur was 8105 BTU/Mr and daily burn rate averaged 0.69 dry
keghr,

Scienco Applications Itezriationad Corportion i
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Table 1. Masonry Heater Emissions Resulis: Mastercralt Swedish

Heater Kit,
SAMPLE DATES: Ai2Jaa - anss
HEATER TYPE: MasterGaft ~ Swedish Heater Kit
FUEL TYPE: Douglas Fir
Totpf Buming Perled = 15.09 houra
Perment of Tame Heater Burned = 8.98 %
Average Stack Temp, guiing bum = 70,14 'F
Averagn Oxygen duting bum (Stack) = 1776 %
Averege Oxygen [Bag) = 2043 %
Tolal Word Usgd = 2808 wet B
Waad Moisturs = 13.5 % dy basls
AWES Flow Fate = 0.8714 Umin
Length of Sampls Cycla = 30 min
Average CO {8ag) = oL %
Averaga COZ (Bag) = 059 %
Averaga YOG (Bag) = 81 ppm
TOTAL PARTICULATES: '
Rinse = A58 mg
FAL—2 = 6.3 mg
Fiber = ~304 mg
Average Blank = =39 mg
Toddi Padiculatas = D017 g
Tobai Dry Wood Used = 118.48 diykg
Burn Aste duing bum = 7.72 diy kgfhr
Avetagn Caily Burn Rats = 0,68 dry kgMr
Al to Fuel Batle = 45,57 101
T FARTICUTATE EMISSIONS:
af%g 1.50 B3 o8t
amr 14.55 = 467
Ave, daly g/hrs 132 * 042
GO EMISEIDNS:
o/kg 80.68
afhe 73851
Ava,daiy g/hr= 6543
T TVOC ERISSIONS:
gikg 8.57
gt 73.85
Ave, daily e ‘§.58
ADDITIONALITEMS;
Avetaga Wood Load = 41.84 wellh
Avesages Wood Usags = 4184 wet lbiday
Nurriberof tines [ oaded per Day = 1.00
Avarage Amblant Temperature = 7542 °F
NET EFFICIERGY:
Combustion Efficiensy = 8418 %
Heat Teanlar Efflclency = 65,42 %
NET EFACIENGY= B253 %
et Hear Qg = 8105 BIlw

DARAKMASTERCAMETCA=E 00

. Selence Agpllenions International Corporalion 10
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Evaluation of Efficiency and
Emissions from 2
Moberg/Royal Crown
MRC-3036 Masonry Heater

! SUMMARY REPDRT, Complete report
with Appendices available by request lo:
FireSpaces, Jrc.
027 §.W. Marrison St., Suite 440
Portland, Oregon 972035
tel. (503) 227-0547

Prepared for: Fire Spaces, Inc.
Walter Moberg Design
321 SW Morrison, Suite 440
Portlend, Oregon 97205
(503)227.0547

Prepared by: OMNI Environmental Services, Inc,
5465 SW Western Avenue, Suite M
RBeaverton, 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 burn rate was 0,82 dry kg/hr.

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

Comniparatively, the particulate emissions (Figure 3) were between the emissions of certified pellet
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 Environmenzal Servicer. Inc.
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Moberg 3042 Masonry Heater
Emissions Testing Report

(Compliance with Colorado Regulation No. 4)

FIRESPACES, INC.
Prepared fors 223 NW NINTH AVENUE
' PORTLAND, OREGON 97209-3305
(503) 227-0547

Prepared by; OMNI Environmental Services, Inc.
5465 SW Western Avenue, Smite M
Beaverton, Oregon 97005
(503)643-3788

Test Dater - November, 1995

January, 1996

OMMNI REPORT
#001-5-02-3-8
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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 Environmental 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 Departiment 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 date.

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 hour (g/hour). Carbon
Monoxids (CO} emissions were measured at 14 g/kg and 33 g/hour. Testing was
conducted as an abbreviated test serfes in support of Section IV.B.3 of Regulation 4
of the Colorado Air Quality Control Comnmission (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 August 23, 1994)
with modifications only in proportional dimension. The MRC 3042 fireplace design
demonstrated particulate emissions that are within the Colorado Regulation 4
requirement of 6.0 g/ke.

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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February 13, 2008

Moberg 3042 Fireplace Heater
Emissions Testing Report

(Compliance with Washington State
VBC Section 31-2)

SUMMARY REFORT. Complete report
with Appendices avatlable by request to:

FlreSpaces, Ine.
223 NW Ninth Avenue
Portland, Oregon 97209~
(903) 227-0647 tal or 227-0548 fax
www frespaces.com

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

Prepared by: OMNI Envirommental Services, Inc.
5465 SW Western Avenue, Suite M
Beaverton, Qregon 97005
(503)643.3788

Test Date: November, 1995

Jaguary, 1996
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 including 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 fel moisture were detenmined in accordance with
the Washington xequired protocol. Three fuel charges were loaded during the test
period and the unburned ashes were weighed and subtracted at the end of the test
period far 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 emission rate of 5,53 grams per hour (g/hour). Carbon
Monoxide emissions were measured at 48 g/kg and 148 g/hr. The MRC 3042 fireplace
design exhibited emissions that are within the Washington State requirement of 7.3

e/ke.
Table 1 presents a2 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 peried.
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REPORT ON REVISIONS TO

STH EDITION AP-42
Section 1.10
Residential Wood Stoves

Prepaved for;

Confract No. 68-D2-0160, Work Assignment 50
EPA Work Assignment Officer Roy Huntley
Office of Adr Quality Planning and Standards
Office of Air and Radiation
U. 8. Environnental Protection Agency
Research Triangle Pard, North Carolina 27711

Prepared by:

Fagtern Research Group
- Post Office Box 2010
Morrisviilg, Morth Carolina 27560

Tuly 29, 1996
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During the winter of 1991-1992, two separate series of in-home emissions tests werc
conducted on wood stoves in Crested Butte (two noncatalytic Phass 11 stoves, six catalytic Phase
I and two catalytic Phase [T atoves) and Klamaih Falls (four conventional stoves, three
noncatalytic Phase Il stoves and two cafalylic Phase Il stoves), The xesulis of these tests ave
important in that these stoves have been tested in-paor yeass {excluding the Klarmth Falls
conventional wood stoves) and e results should provide some ingight into the effect of stove
degradation on emissions, Degradation mainly affects catalytic components. However, over
time, warpage of other internal paits can cause leaks which contribute to increased emissions,
Reaults of these two tests ars sumenarized in Table 4-2, even though the data carmot be included
in ernission 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 resnlts from pultiple years, and add in the mosi recent year's data to form a separate
"degradation® data base. In fact, work has already begun to develop this type of data base.

424 enges 11,13, 13, 14 15 - Masonry Heaters

References 11 through 15 reported emissions from five typss of masonry heaters under
in-home barning conditions. All five references reported PM, CO and CO, erissions. These
data were rated *A¥ A sumwnary of the test data from all five tast saxies is shown in Table 4-3.

Reference 11 also reporied emissions for a "Russien” style masonry heater which was
constructed by 2 mason from a plan that was later changed. Emissions from this nnit wers ot
included in the emission factor development since this unitis not commercially available and is
probably not represeniative of the general masonry heater population in terms of construction ox

emigsions.

44
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TABLE4-3. SUMMARY OF NEW IN-HOME EMISSIONS DATA

FOR MASONRY HEATERS" Y

Sample Dates 1991 - 1992
Fuels Donglas Fir, Alder
Average Fuel Moisture ' 19%
Total Buin Time 135.1 howrs
Total Bum Cycles 41
Average Bum Rate 4,73 dry kgfhe
Average Emissions;*
™ 2.8gfkg
co T4.5 gfkg
CO, 1924.7 g/kg

a These data were collected using an AWES anit, and have been converted to M5H equivalet valose, See
section 4.3.1.1 of this report for an explanation of the conversion saleulations, 2nd Appendix A for a

sample calculalion,

4.3 EMISSION FACTOR METHODOLOGY

A Lotus1-2-3™ spreadsheet was wsed to compile PM and €O ervissions data and caleulate

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

The 1991 spreadsheets were updated during the ewrrent revision 1o include new correlation
equations used 1o caleulate equivalent EPA Method SH values for PM from field-test data. (See
section 4.3.1.1 for details of these calculations). Mew spreadsheets were developed to calenlate

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

spreadsheots wers developed to calenlate emission factors for noneriteria pollutants (i.e., COy

and PAH).

4.3.1 Criteria Pollutant Emizsion Factor Davelopment
Erassion factors for NO, (rated "E"), SO, (rated "B"), were not changed from the 1991

emmission factors. Bmission factors for CO and PM were revised using existing emission 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 RESIDENTIAL.
WOOD COMBUSTION®
— .. . -
Pollutant/ Ermission Wood Stove Type® Pellet Stove Type* | Masomry
EPA Certification” Pactor Heater
Rating
Corv. | NonCat | Cat | Cedified { Bxempt | Exempt
e | o | gy | ks alkg, 213
B-10% g
Pre-Phase [ B 15.3 129 12.1
Phase [ B 10,0 9.8
Phase 1T B 73 8.1 2.1
All B 153 93 102 2.1 44 2.8
Carbon Moppxide®
Pre-Phase I B 1154
Phase I B 522
Phase II B 70.4 535 19.7
Al B 1154 70.4 24 19.7 26.1 4.5
) Ni ides' 148 10 6.9'
Sulfirr Oxides’ B 02 02 0.2 0.2
Carbon Dioxide (o] 14758 1,8356 1,947
Yotal Organic
Compoynds"
Mothane B 320 13.0
Non-Mathane EH 14.0 8.6

ap L

FEoSTm e

10/%2

Units are m (grams o fpollutant’kg of dry wood burned).

Pre-Phase 1= not certified to 1988 EPA emission slandards; Phase [ = cerlified to 1988 BPA
emission standards; Phase Il = cartified to 1990 EPA. emission standards; All= average of
emission factors for all devices.

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

Certified = Cerfified pursuant to 1998 NSPS; Bxempi = Exempt from 1988 NSPS (i.¢,, ain:fuel
ratio >35:1).

Exemipt = Exempt from 1988 NBPS (i.e., weight »800 kg).

References 5-13, 22-26, 28.

Defined as equivalent to total catch by EPA method SH train.

Rating=C.

Rating=E.

References 12, 22-26, 28.

References 14, 15, 18. The data used to develop the emnission factors showed ahigh degree of
vatiability within the souree population. The use of these emission factors on specific sources
may not be appropriate.

1.10-5
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Possession Record

"Capy Number;

Name Date

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

Tulikivi Qy Mode! KTU-2160
May 1997

- Proparedfor:  Tullkivi Oy
FIN-83900 Juuka
FINLAND

. Prepared hy: CBiNFTest Laboratores, Inc.

’ 5485 3W Wastarn Avenus, Suite G
Beavsrton, Oregon 97005 USA
{503)543-3788

May 1997
Project # 020-8-01-3

Al data and information contained in this report are confidential and proprietary to
- Tullkivi Qy, The contents of this raport cannot be copied or quated, except in full,
- without specific, written authorization from OMNK-Test Laboratories, Inc. or Tulikiv Oy.
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Tulikivi Oy. Modet KTU-2100

FRNLARD ) Test Repart
MO-5-41-3 ) Test Dates: Mar 20 and 21. 1957
SUMMARY

The Tulikivi Model KTU-2100 masonry heater was tested for particulate emissiong and
overall thermal efficiency by OMVI-Test Laboratories, inc. (OMNI) of Beaverion, Oregon,
USBA. Twh tesis were conducied in accordance with the emissions and thermai efficiency
sampling and analysis spacifications of the Mode/ Perfarmance Standard for Fireplaces
and Masenry Heater Emissions: the first one was conducted on May 20, 1957 and tha
gecond on May 21, 1997,

Tast-Burn Number 1 was conducted using three successive fuel foads of the size and
weight slipulated by the Model Standard and the Washington State Method, Test-Burn
Nummber 2 hawever, wag conducted using anly one. large fuel foad simulating Colorade
Regulation-4's in-home user defined fue! [oading protocol. The tested masonry heater
configuration and test results are prasented in the following Summary Table:

Summary Table. Test Conflguration and emissions results for the
Tullkivl KTU-2100 Masonry Heater.

Test Qveralt
Test-Burm | Configuration Particulate Emissions Eg:gﬂnz;
25 ) 3.0
Daoor Closed, gramsikilogram gramsihtur (par
umber 1 With Hearth {15, EPA Methad kiiogram/hour}
firee fuel Grats, 5H equivalents (13.5. EPA BH 52.5%
oad test) Ne Draft Inducer, ealcufated in equivalants
and accardancea with calculated in
No Catalyst  Jwashington State UBGlaccordance with The
Chapler 31-2) | Mode! Standard)
ad 38
Door Closed, agrams/Kilogram gramsthour {per
[Number2]  With Hearth {U.8. EPA Method Kilogram/hour)

{Single, Grate, 5H equivalents {U.S.EPASH 5190
large fua Mo Draft inducer, calcutatod in equivalents ’
oad test) and accordance with calpulated in

No Catalyst [Washington State UBClactordance with The
Chapter 31-3._}_ _Mgdel Standard}

OMNI-Test Laboratories Inc. =i-
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Tulikivi Oy; Model TU 1000
Emissions Testing Report

(Protocol Conformance with Colorado
Regulation No, 4)

Frepared for: Tulikivi Qy
FIN-8300(
Juntka, Finland
Prepared by OMNI Bnvironimentat Services, fnc.
5465 SW Western Avenus, Suite G
Besverton, Qregon 97805
{503} 6433788
April 26, 1999
020-8-06.3

All doty mui_‘a':_ijarmﬁim contained in thls ceport are confidential and propristary to Firespaces, Ino. The
contents of this repa:! cammot e copled or quaded withost specific, written outhorization from Firespaces, inc.
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Fireplace Heater Emissions Testing Report
Tulikivi TU 1060

For Bemonsirating Comphiance with the Colorade Regulation 4 Standards

Summary of ings

Beginning on April 5 and ending on April 12, 1999, OMNI Bnvirosmental Services, Inc.
conducted “in field” emissions testing on the Tulikivi TU 10600 fireplace design in
conformance with the Coloradp Regulation 4 Standards and operating protocol, All testing
reporied here was conducied at the Bullard residence in the rural area cast of Livingston,
Montanz. OMMNI used an EPA sudited procedure which requires the use of an EPA
audited automated wood emissions sampler (an OMNI AWES) to sample particulate
emissions. OMNI technician Chuck Fisher conducted all testing including set-up, take-
down, datn reduction, and the laboratory analysis of samples.

Testing was conducted with the doors clesed and a bearth grate in place. The fuel
loading schedule for the testing was determined by the home owner . Fugl loading weight
was approximately 80% of the manufacturer’s recommendations and measured by an

OMNI technicien. Fuel moisture content was measured by ag OMNI technician. Cne
load of fuel was burned per day,

Test Resulis and Piscussion:

The test results show an average particulate entission factor of 2.6 grams per kilogram
{z/kg). The Tulikivi; Model TU 1000 design exhibited emissions that meet the emission
standards set forth in Federal Regulations 40CFR Part 60, Subpart AAA, Subszction
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 teasurements and sample anafyses for tha test. Plot i
presents z time-base graph of flue-gas temperatures, flue-gas oxygen concentrations, and
indications of when and how fuel was added ducing the test period.
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‘Tulikivi Oy; Model TU 2200
Emissions Testiog Report

{Protocol Confurmance with Colorado
ch_ulaﬁnn M. 4)

Frepared for: Tulikivi Oy
FIN-83900
Juuks, Finland

Prepared by OMMNI Environpsental Services, Ine.
5465 SW Wastern Avenue, Suite G
Beaverton, Oregon 97005
{503} 6433788

April 29, 1995
020-5-06.3

Al data and infornvetion contalned in this report are confidential and proprivéay
: : ¥ to Fo F!
contentt of this report comol becopiad or qunted withput specific, wfmwmmfw’i’:m
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Fireplace Heater Exissions Testing Report
Tulikivi TU 2200

For Demonstrating Compliance with the Colarado Repulation 4 Standards

Summary of Testing:

Beginning on April 5 and ending on April 12, 1999, OMNI Environmental Services, Ine,
conduated i field” emissions testing or the Tulikivi TU 2200 fireplace design in
conformanee with the Colorado Reguiation 4 Standards and operating proteecol. Al testing
reported hete was conducted at the MeGee residence within the cify limits of Livingston,
Montans, OMNI used an FPA audited procedure which requires the use of an EPA
audited automated wood emissions sampler (an OMNI AWES) to sample particulate
emissions. OMNI techniciat Chuck Fisher conducted sl testing including set-up, take-
down, data reduction, and the laboratory analysis of samples,

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

Test Results and Discussion:

The test results show an averape particulate emission factor of 3.5 gras per kilogram
{e/kg). The Talikivi; Model TU 2260 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 1s below the
Colorado State requirement of 6.0 g/kg.

Table I presents a summary of test measurements and sample analyses for the test. Flot 1
presents a time-base graph of fluengas temperatures and the flue-gas oxygen
eoncentrations.,
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Tulikivi Oy; Moddel TLU 2450
Emissions Testing Repurt

{Protecol Conformance with Colorado
Regulation No. 4)

Prepared for: Tulikivi Oy

TAN-83900
Juuka, Fintand
Prepared by: CMNI Environmental Services, Inc.

5445 SW Western Averme, Suite (3
Beaverton, Oregost 97005
{503) 643-3788

April 29, 1995
020-5-06-3

Al data aud information contained In this report are confidential awd propriciay (o Firegpaces, Inc. The
vontents of this report cannot be copied or quited without specific, weitien autharizatlon from Firespares, Tne.
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Fireplace Heater Emissions Tesfing Report
Tultlivi TEU 2430

For Demensteating Compliance with the Colarzds Regulatios 4 Standards

Beginning on Aprii § and ending on April 12, 1999, OMN! Environmental Services, Ine,
conducted “in field” emissions testing on-the Tulikivi TLIT 2450 fireplace desigo in
¢onformance with the Colorado Regulation 4 Standards and operating protocol. All testing
reported bere was conducted at the residence Dv. Sirr in the rural are north of Gardiner,
Monfana, OMNI used an EPA audited procedure which requires the use of an EPA
audited automated wood emissions sarpler (an OMNI AWES) to sample particulate
emissions. OMNI technician Chuck Fisher conducted all testing inchuding set-up, talee-
dow, 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 festing was determined by the home owner . Puel loadiug weight
was approximately 80% of the menufacturer”s recommendations and measured by an
OMNI technician, Fuel moisnire content was measmred by an OMNI technician. One
lad of fue] was burned per day.

Test Resuits and Discession;

The test results show an average particalate emission factor of 2.0 grams per kilogram
{e/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(b){1} or (2). The resulting average particulate emission fietor is below the
Colorado Siate requirement of 6.0 p/ig,

Table 1 presents a summary of test meastrements and sample analyses for the test, Plot 1
presents a time-base graph of flue-gas temperatures and the flue-gas oxygen
concentrations, ,
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]
SIS

Emissions Report

Swedish Kakelugn Style
Masonry Heater

Bailt by: Jerry Frisch

OMNI-Tast Laboratories, Inc.
Product Testing & Centification

Malllng: Past Ofice Box 743 . Phone:  {503) B43-3768

Sirpelt  54B5 BW Wastern Avenus » Suke G 4 Fax (50%) 543-3795
Beaveitan. Oragon 97075 USA
NEIEA
OMNi-Fext Laborwories. Inc, fof4
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February 13,2008

OMNI-Test Laboratories, Inc has completed a serfes of emissions tests on the
Swadish Kakelugn style masorry heater built by Jerry Frisch. The appiiance
cured for 20 days befora testing was initiated.

OMNI performed a total of 8 fests on the masonry heater, 4 with dimensional
lumber and 4 with cordwood. Testing began on July 12, 2006 and conciuded on
August 14, 2008. The fusling protocol used was the Colorade Masonry Heater
Standard using dimensional lumber, The emisstons ware sampled using 3
different sampling systems:

1. The proposed ASTM difution tunnel sampting system that uses dual
47mm filter trains. This system is very similar to the U.S, -
Envirenmentzal Protection Agency Method 5G-3.

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

3. On tests 5 & 6, the Gondar emissions sampling systemn was alse used,

The rasults of all of the tests parformed are shown in Table 1.

Table 1
Fuel Test } Emissions | Emisslons Emissions
€ . Fuel Moisiure p | Bura Rale Factor Factor | Faclor
3 ; Weight 1 Duralien | ; P Fusel Type
&« dry basis) | {dry ka/hr) {g%kg) (afkgy | (o)
il (dry kg} | (hours) | ASTM ESS i Gondar
1 20.9 163 | 53 @ 31 3.3 2.4 Nottosted | Dimensional
2 1.7 188 | 50 3.8 27 1.8 Nottested | Cordwood
3 23.0 170 | 52 33 5.0 2.3 Notlested | Dimensional
4 10.9 19.0 4.7 4.1 2.7 2.5 Cordwond
5 20.9 180 | 6.0 3.0 27 25 Dimensionat
6 22.3 167 | 5.3 3.1 2.3 17 { Notlestad | Dimensionsl
7 11.9 1.5 53 4.0 24 2 Nettested | Cordweed
| 8 10.9 193 | 5.0 38 2.9 Nottested |  Cordwood
OMNITest Laboriulaiies. (ne. 2ofd

Fear Ryt daed theveter 2007 aahat s deanug Maswoy Aenler ciea Wpon
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