—NAWA_—

Taihoro Nukurangi

In home testing of particulate emissions
from NES-authorised woodburners:
Nelson, Rotorua and Taumarunui 2007

Photo by Jeff Smith

NIWA Client Report: CHC2008-092

July 2008

NIWA Project: PCCA085






——N-AWWA_—

Taihoro Nukurangi

In home testing of particulate emissions
from NES-authorised woodburners: Nelson,
Rotorua and Taumarunui 2007

Jeff Smith

* Jeff Bluett
Emily Wilton®
Tim Mallett’

1. NIWA

2. Environet Ltd.

3. Environment Canterbury
*Corresponding author

Prepared for

Foundation for Science, Research and Technology

NIWA Client Report: CHC2008-092
July 2008
NIWA Project: PCCA085

National Institute of Water & Atmospheric Researct Lt
10 Kyle Street, Riccarton, Christchurch

P O Box 8602, Christchurch, New Zealand

Phone +64-3-348 8987, Fax +64-3-348 5548
WWW.niwa.co.nz

O All rights reserved. This publication may not berameluced or copied in any form without the
permission of the client. Such permission is to bemgionly in accordance with the terms of the clent
contract with NIWA. This copyright extends to airfns of copying and any storage of material in any
kind of information retrieval system.






Contents

1.1.

2.1.
2.2.
2.3.
2.4.

2.5.

9

Introduction

Standard test methods for solid fuel burning aoks
Real life woodburner emission testing in New Zedlan
Emission factor basis

Real life testing of low emission woodburners (Gtaturch 2003/04)
Real life emissions from older woodburners (2005)

Real life emissions from NES-authorised woodburaeid pellet fires
(2006)

Knowledge gap: representative emission factor fleEMuthorised
woodburners

Study objective
Method

Sampling programme — Household details
In-situ emissions testing

Calculation of wet-weight emission factor
Results

Discussion

Conclusion

Future work

Acknowledgements

References

Appendix 1: Raw data
Appendix 2: ARS report and technical bulletin désiog the portable
emissions sampler

11
14
18
18
20
21
23

22

Reviewed by:

é/é. 4;7/) 2,
7 G-

lan Longley Guy Coulson

Approved for release by:



0¢

Executive Summary

A number of projects to measure in-situ emissidnganticulates from NES-authorised woodburners

have been conducted in New Zealand. However, thedf these studies was limited by a very small

sample size. The subsequent investigation wasatestito a small number of appliance types and test
homes were targeted rather than randomly sele@ieerefore it is possible that these programmes
may not have provided a representative emissidorffor use in inventories and scenario modelling

of air quality management strategies.

The objective of this project was to derive a rabB®,, emission factor for representing NES-
authorised woodburners in dispersion modellingiappbns and emission inventories.

In situtesting of 18 NES-authorised woodburners was uaklen in Nelson, Rotorua and Taumarunui

during the winter of 2007. A total of 92 valid résuwere obtained. A mean wet-weight emission

factor of 3.3 g/kg was derived, which representisrae-fold reduction when compared to an emission
factor estimated for pre-1994 woodburners. Howetlegre was considerable variability in results

from this study and the 95% confidence intervaliatbthe mean was 0.8-5.7 g/kg.

Compared to the previous real-life investigatiotiés study collected a relatively large number of
samples of particulate emissions from a wide rafgandomly chosen NES-authorised woodburners.
This provides a more representative emission fatttan previously reported for NES-authorised
woodburners operating under real life conditionswéver the robustness could be improved. The
results presented in this report do provide a &iepard toward providing a robust emission factar f
use in dispersion modelling applications and emisgnventories. However, due to the variability of
results, it is acknowledged that the emission faptesented in this report would benefit from ferth
refinement. For this reason, it is concluded thed objective of this project was only partially
achieved.

Further in-situ testing of NES-authorised woodbusneould improve the representativeness and
robustness of emission factors for NES-authoriseddisurners in New Zealand.
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1. Introduction

In New Zealand, the National Environmental StandqiES) for ambient
concentrations of particulate matter less than 1€rans in diameter (PA) is 50
ug/n® when averaged over 24 hours from midnight. Thangard is regularly
exceeded in many of New Zealand’s urban areas glthig winter months.

Emission inventories have been undertaken in mdthese urban areas and show
that domestic home heating is the major sourceadiqulate air pollution throughout
New Zealand (e.g. Wilton 2003, Scott & Gunatilakg02, Wilton 2005a, Wilton
2005b, McCauley & Scott 2006, Smith and Wilton 200%n exception is Auckland
city, where the contribution of domestic heatingdgialled by traffic emissions during
winter (Metcalfe et al. 2006). These emission inwdes show that apart from in a
few towns, such as Invercargill, Gore and Reeftdrens coal burning cannot be
ignored (Wilton 2005c, Wilton 2005d), wood is th@sh common fuel for domestic
heating appliances in New Zealand.

When constructing emission inventories, fuel-uséadare usually obtained and
emissions are then estimated via the applicatie@mnossion factors that specify grams
of particulate emitted for every kilogram of fuelrbt (g/kg). Emission inventories are
essential for local authorities to identify the doamt sources that contribute to
exceedances of the air quality guidelines and stalsd Projections models are also
commonly used tools and provide local authoritieghwpredictions of future
emissions under various management scenarios. ddisiehs that Councils make to
address air quality issues will often be basedroisgons inventories and projections
models.

Both emission inventories and emission projectiomsdels are underpinned by
emission factors. Representative emission factoestlaerefore essential for local
authorities to accurately manage air quality isgiEBichamp & Wilton 2002). Using
emission factors that are erroneous would leadh¢orrect estimations of projected
reductions in Pl emissions required to meet NES and regional plarmguality
targets.

To address the ambient Rjproblem at a national level, the NES also contains
design standard for new woodburner installationsuripan areas. From September
2005, all woodburners installed on properties thas 2 ha in size have been required
to have a thermal efficiency greater than 65% akdoRemission rate less than 1.5
g/kg, when tested to AS/NZS4012 and AS/NZS4013aetsgely.

In home testing of particulate emissions from low emissvoodburners: Nelson, Rotorua and Taumarunu¥ 200 1
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Airshed emission reduction targets are often basedgains anticipated through
switching from older woodburners to NES-authorigsembdburners and on estimates
of how many NES-authorised burners may be operaftiin a particular airshed

without breaching the target. Robust quantificatibrreal life emissions from NES-

authorised woodburners is essential information tlee planners and scientists
responsible for developing plans to ensure thaNBs for PM, will be met.

1.1. Standard test methods for solid fuel burning appliaces

The standard methods for testing thermal efficieany particulate emissions from
solid fuel burning appliances are AS/NZS4baad AS/NZS4013respectively. These
standards apply to batch-fed domestic heating apgdis with a net heat output less
than 25kW. The testing requires the appliance toferated in a calorimeter room,
with emissions discharged into a dilution tunnetl mampled during nine test runs.
Three runs are conducted for each of three buensettings: low, medium and high.

The standard method includes a required fuel loadsmand geometry, a light up
phase with testing started only after a specifiedsrof burning embers is established,
and a test fuel load equal to 16.5% of the chambkme. For firewood loads, there
are specifications for gaps between logs and tebdi, along with fuel quality and
log size.

Emission factors from AS/NZS4012/3 are unlikely tie appropriate for use in
emission inventories and management models, duariation of the AS/NZS4012/3
fuel specifications and firing regime from reaklibperation. Under normal household
operation, there are emissions during light-up phésel loads may be smaller than
test loads, air flow may be restricted by non-steiddoading, log quality and size may
be highly variable and burning may include manylog cycles with variable state of
embers prior to loading. These departures fromrsthrdard test method are likely to
cause variability of emissions under real life @pien of domestic woodburners.

! AS/NZS4012 (1999). Domestic solid fuel burning loces - Method for determination of

power output and efficiency. Australian/New Zeala@tdndard AS/NZ 4012;1999. Standards
Association of Australia, Homebush , NSW, Austratttandards New Zealand, Wellington,
New Zealand.

2 AS/NZS4013 (1999). Domestic solid fuel burning ges - Method for determination of
flue gas emission. Australian/New Zealand Stand&8(NZ 4013;1999. Standards Association
of Australia, Homebush , NSW, Australia, Standa¥dsv Zealand, Wellington, New Zealand.

In home testing of particulate emissions from low emissvoodburners: Nelson, Rotorua and Taumarunu¥ 200 2
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2. Real life woodburner emission testing in New Zealah

2.1.

In situ emissions testing has suggested that real lifesoms from woodburners may
be many times higher than emissions measured ubi@gAS/NZS4013 standard
procedures (Scott 2005, Kelly et al. 2007a). Duthérequirements of the calorimeter
room and dilution tunnel, the AS/NZS4012/3 testhodtis undertaken in a laboratory
and is physically not suitable fon situ testing of real life emissions in peoples’
homes. AS/NZS4012/3 test methods were developeddimparing the performance
of different heating appliances under controlleddibons and were not intended to
provide emission factors representative of rea bjperating conditions. However,
Applied Research Services (ARS) in Nelson have hesng a portable emissions
sampler based on the Oregon Method 41 (OM41, ondad method) forin situ
testing of woodburners, with results that correlatell with data from the
AS/NZS4013 sampling train.

Emission factor basis

Somein situ woodburner studies have reported emissions oy adod weight basis
(e.g. Scott 2005, Wilton & Smith 2006, Kelly et &007a). Dry-weight emission
factors should always be used when comparing iddaliwoodburners, because this
avoids the confounding variable of wood moisturewldver, wet-weight emission
factors are required for input to inventories amdhed dispersion models, because
domestic heating emission estimates are calculstied) estimates of wet-weight fuel
mass.

To avoid confusion when citing emission factorss tfeport clearly states whether
results are expressed on a wet- or dry-weight basis

Another potential source of confusion, when idgimig emission factors from field
testing of domestic woodburners, is the choice @dian or arithmetic mean to
describe the emission factor. Wilton & Smith (20€&)orted an emission factor based
on median woodburner emissions, because the madian more representative
measure of central tendency for skewed datasetsettr, Wilton et al. (2006) and
Kelly et al. (2007a) chose to report the mean dorisfactor, because the skewed
distribution of emissions from the woodburner samigl very likely to be consistent
with the population distribution. It is thereforaportant to use an emission factor that
represents the population of woodburners and taimat be established from the
median emissions.

For consistency throughout this report, mean eomsdactors are cited for past
research even if medians have been publisheddgmatireports.

In home testing of particulate emissions from low emissvoodburners: Nelson, Rotorua and Taumarunu¥ 200 3
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2.2.  Real life testing of low emission woodburners (Chstchurch 2003/04)

The first field emissions testing of low emissiomadburners in Australasia was a
three stage project, with up to six appliancestesvr each stage (Scott 2005). The
first stage of this project attempted to simulatal dife operating conditions in the
laboratory and compared the emissions to thoserdedoduring AS/NZS4012/3
testing. For Stage | testing, firewood was obtaifneth a merchant.

The same firewood and test procedure was used gl@&iage Il of Scott’s (2005)
research, with the difference that this was andm# test of five appliances operated
by a laboratory technician. The aim was to comjragtu emissions with those from
Stage | and AS/NZS4012/3 testing. The final tes{iatage 1ll) was to determine the
impact of householder operation and fuels on emmissby comparing with Stage |,
Stage Il and AS/NZS4012/3 results. During Stagehiduseholders supplied their own
firewood and operated their appliances as theydvoala normal winter day.

Although Scott’s (2005) aim was to develop relasiups between all three test stages,
along with identification of emissions for eachggait was concluded that Stage | and
Stage |l results were not useful for drawing infexes about in-home performance of
woodburning appliances. The mean of 15.5 g/kg @sg®d on a dry-weight basis)
from Stage Il results suggested that the emiséxmtor used at the time for low
emission burners may have been many times too Hawever, Scott (2005) noted
that due to the small sample size of this studwait not possible to identify a robust
emission factor for low emission woodburners.

Also due to the small sample size, Scott (2005) weable to elucidate a factor for
converting AS/NZS4012/3 test results to an emis$amtor that represented real life
operating conditions. Scott's (2005) research didniify the need for a more
comprehensive study, with a greater number of appés and a wider variation of
operational and firewood characteristics. Withohis tresearch, the application of
unrepresentative emission factors, and consequéntlgrrect estimates of PM
reductions required to meet air quality objectives) have serious consequences for
air quality management throughout New Zealand.

2.3. Real life emissions from older woodburners (2005)

To improve the reliability of emission factors uded older woodburners, Wilton et
al. (2006) conducted in-home testing of 12 pre-19@bdburners in Tokoroa. The
fuel, operational and test procedures for the rebeaere consistent with Scott's
(2005) Stage Il study. On a wet weight basis, amemission factor of 11 g/kg was
identified by Wilton et al. (2006) and this compdufavourably witha priori emission

factors of 11-13 g/kg previously used in New Zedlamission inventories for older

In home testing of particulate emissions from low emissvoodburners: Nelson, Rotorua and Taumarunu¥ 200 4



_.ﬁe;gv—N-LWA —

Taihoro Nukurangi

woodburners. The dry weight emission factor of Idggdentified by Wilton et al.
(2006) is appropriate for comparing with emissioesuits obtained from
AS/NZS4012/3 laboratory testing.

Using a regression tree model, Wilton et al. (20@@ntified that the following
operational factors were associated with emissatability from older woodburners:
total mass of fuel burnt; sample duration; fuel sharie content; operational setting
(low, medium or high); number of pieces; and weightwood used throughout the
sample period. Regression tree analysis was usedetttify these relationships
because some of the relationships between emisaithperational characteristics
were non-linear.

2.4. Real life emissions from NES-authorised woodburnerand pellet fires (2006)

Nine households in Tokoroa were selected iforsitu testing of NES-authorised
woodburners in winter 2006. Of the nine househatits,had been included in the
older woodburner testing (Wilton et al. 2006) anddhsince upgraded their
woodburner to a low emission, NES-authorised appbaas part of a Ministry for the
Environment Warm Homes trial. The remaining threedeholds already had NES-
authorised woodburners and were willing to partdtgan the research.

The fuel, operation and test procedure was the sasnthat used by Wilton et al.
(2006). The results of the NES-authorised woodhutesting are reported as a mean
dry weight emission factor of 4.6 g/kg (Kelly et @007a). While the results from
Kelly et al. (2007a) were reported on a dry-weilgasis, wet-weight emission factors
are required for inventory construction. Moreovayen of the nine NES-authorised
woodburners tested at Tokoroa were from the sameufaeturer and caution was
advised due to the limited dataset and narrow rarigeurner designs (Kelly et al.
2007a). The emission factor from Kelly et al. (28D7s therefore unlikely to be
appropriate for representing NES-authorised woaansrin emission inventories.

As part of the current project, wood use data fribl@ Tokoroa programme were
obtained and the equivalent wet-weight emissiotofagas calculated at 3.6 g/kg.

Along with testing of NES-authorised woodburnemyrfpellet fires were also tested
in situ at Tokoroa (Kelly et al. 2007b). While one of tpellet fire appliances was
reported as faulty, the mean emission factor froenremaining three pellet fires was
1.4 g/kg.

In home testing of particulate emissions from low emissvoodburners: Nelson, Rotorua and Taumarunu¥ 200 5
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Knowledge gap: representative emission factor for BS-authorised woodburners

Results from real life emission testing in New Zea are summarised in Table 2-1,
which demonstrates that further research is redquice develop a robust factor
representative of NES-authorised woodburners in N&aaland. Scott’'s research
(Scott 2005) was significant in showing the needa@obust emission factor and the
potential consequences of underestimating thigatitactor.

The only otherin situ testing of NES-authorised woodburners in New Zahlamas
Kelly et al. (2007a), however almost all of the lggopces in that study were from the
same manufacturer and the results are thereforaepoesentative of the national
population of NES-authorised woodburners. Moreovbe emission factor was
presented on a dry weight basis which is not ugefuhventories or modelling.

Summary of real life emission testing results inwN&ealand. Emissions are
arithmetic means, although some were publishedembans in original reports.

Appliance type Number of Dry-weight Wet-weight Reference Comments
and numbers test runs Emissions Emissions
(9/kg) (9/kg)

Four low emission 43 15.5 10.8 Scott (2005) Limited number of appliances

woodburners (Stage 11I) means results may not be
representative  of  real life
emissions from NES-authorised
woodburners

Twelve pre-1994 96 14.0 11.0 Wilton et al. (2006)

woodburners

Nine NES- 50 4.6 3.6* Kelly et al. (2007a) * Wood weight data from the

authorised Tokoroa programme were used to

woodburners calculate the equivalent wet weight
emission factor for this report.
Limited number of appliances, and
most from the same manufacturer,
means results may not be
representative  of  real life
emissions from NES-authorised
woodburners

Three pellet 28 14 N/A Kelly et al. (2007b)  Limited number of appliances from

burners the same manufacturer means

results may not be representative
of real life emissions from pellet
burners

Therefore, a critical and urgent need existsiriicsitu testing of a greater number and
wider range of NES-authorised emission woodburrersprovide a robust and
representative emission factor for this class ating appliance.

In home testing of particulate emissions from low emissvoodburners: Nelson, Rotorua and Taumarunu¥ 200 6
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3. Study objective

The objective of this research was to:

derive a robust PM emission factor for representing NES-authorised
woodburners in dispersion modelling applicationd amission inventories.

4. Method

4.1.  Sampling programme — Household details

Eighteen households with NES-authorised burnerse veedected for testing. The
households were located in Rotorua, Taumarunui Neldon — six houses in each
town. In Nelson and Rotorua, council records weseduto identify a list of homes
where new log burners had been installed and holg®were chosen randomly from
the list. In Taumarunui, the burner testing wagredd with a Warm Homes air quality
pilot project funded by the Ministry for the Envmment, along with support from
local heating appliance dealers and manufacturgraotal of 16 retrofit NES-
authorised woodburners, pellet fires and gas apg#s were provided free to low-
income Taumarunui participants, from which six N&8horised woodburners were
selected for this study.

Each week during the monitoring campaign, testirag wonducted on a daily basis
with two samplers being operated at separate holdsehThe seven day monitoring
period was required to give a reasonable numbetatd per burner to account for
daily variations in operation and, consequentlyissions. To compensate households
for inconvenience, all were offered a $50 gift vioeicper night of testing, along with
an additional $10 voucher to compensate for elgttrcosts over seven days. Filters
were changed daily and weighed at the ARS labgratokelson.

Testing was carried out using firewood belongingthe home owners and the
householders were requested to operate the buaséney would for everyday normal
use. Householders were also asked to keep recbfdsl eveight and loading times.

4.2.  In-situ emissions testing

The system for in-home testing of solid fuel burasrissions was developed by ARS
under contract to Environment Canterbury and furtdethe Sustainable Management
Fund (SMF) (Scott 2005). While the sampling systemeasures total suspended
particulate (TSP), which may include particle sigesater than 10 micron, research of
particle size distribution from similar woodburnichnology in the United States

In home testing of particulate emissions from low emissvoodburners: Nelson, Rotorua and Taumarunu¥ 200 7
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showed that emissions were dominated by, £(94%) and PMs (92%) (McCrillis
2000). Because of this, the emission factors ifledtin this report are expected to be
fundamentally representative of RPMilthough, as noted by Houck et al. (2008), using
PM as a surrogate of Riywill slightly over-predict the emission factors.

This system is based on the OM41 (or ‘Condar’) métfBarnett 1984) and results
correlate well with data from the AS/NZS4013 metl{8®S 2005). To simulate the
dilution and cooling that occurs when woodburneissians exit chimney flues, the
sampling head includes a dilution system to combihe emissions with an
appropriate mix of ambient air (Figure 4-1) Flus gmadrawn via a probe inserted into
the flue, into a manifold along with ambient aiollBwing mixing in the manifold, the
diluted gases are drawn through two 47mm glase fitiers (Gelman Type A/E Cat
No 61631) that collect the particulate emissions.

The dilution system ensures that condensation lgfcoimpounds, such as polycyclic
aromatic hydrocarbons, and consequent particulatedtion occurs in a similar
fashion as when flue gas is exhausted to ambienDaie potential limitation of the
portable sampler is that dilution of the flue saenmccurs indoors, where the
temperature is likely to be warmer than outdoorsngequently, some volatile
components of TSP will be lost in the warmer indddution system than would
occur outdoors at the flue exit. However, with #ouipment available, it was not
possible to quantify this additional loss of vdttomponents.

In home testing of particulate emissions from low emissvoodburners: Nelson, Rotorua and Taumarunu¥ 200 8
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Figure 4-1:  Flue intakes showing plain sample tube for gasyaisabnd manifold head for dilution
sampling of PM.

The sampling system is displayed in Figure 4-2.e Phrticulate sampling system is
essentially the same as that used in AS/NZS4018t &iom the manifold assembly
that is used here to replicate the effect of thatidn tunnel specified in AS/INZS4013.
Further details of the sampler design and opergtiorciple are described by Wilton
et al. (2006) and in ARS Technical Bulletin 72 (Apgix 2).

4.3. Calculation of wet-weight emission factor

While the sampling procedure provides emissionsaciry wood weight basis, to
calculate an emission factor for use in emissiornenmories and modelling
calculations, these data must be converted to wew emissions. This is
accomplished by utilising average moisture contiatd in Equation 1:

Equation 1 ER.«=EFRy, @-9)

In home testing of particulate emissions from low emissvoodburners: Nelson, Rotorua and Taumarunu¥ 200 9



where: EF, is the wet-weight emission (g/kg)EFy, is the dry-weight emission
obtained from sampling results (g/kg); ands the measured gravimetric moisture
content of wood (%, wet weight basis).

Figure 4-2:  PM;, sampler (at right) foin situwoodburner emissions testing

Average fuel moisture was determined with an elesttresistance timber moisture
meter (Carel and Carel Ltd, Type C901) and verifisthg an oven drying method
(Appendix 2). The oven drying method was undertdkereach household by placing
a sample of 2-4 pieces of firewood into plasticdagd drying in accordance with
AS/NZS1080.1:1997at a temperature between 100-105°C until the samgaiched
constant weight. The electronic data were prefatyntused in calculations, due to
the larger sample size, although oven dry data wsed when fuel moisture exceeded
the upper limit of the electronic meter operatiagge.

% Standard AS/NZS 1080.1:1997 "Timber - Methods @stTL - Moisture Content".

In home testing of particulate emissions from low emissvoodburners: Nelson, Rotorua and Taumarunu¥ 200 10



5. Results

The locations, dates and number of tests undertiakéiie monitoring programme are
detailed in Table 5-1.

Table 5-1: Location, dates and number of tests undertakemeimtonitoring programme

Number of
Location House Date Number valid results
Nights tested )

obtained
NEL1 12-15 June 4 4
NEL2 20-26 June 7 7
NEL3 19-25 June 7 7

Nelson
NEL4 27 June - 03 July 7 7
NEL5 12-17 June 5 5
NEL6 28 June - 05 July 7 6
ROT1 16-22 July 7 6
ROT2 09-15 July 7 4
ROT2 10-16 July 7 6
Rotorua
ROT4 23-29 July 7 7
ROT5 17-23 July 7 5
ROT6 24 July - 01 August 9 6
TAUL 07-13 August 7 4
TAU2 22-25 August 4 4
TAU3 13-19 August 7 4
Taumarunui
TAU4 06-12 August 7 3
TAUS 14-20 August 7 4
TAU6 20-26 August 7 3
Total across the three towns 120 92

Raw data are included in Appendix 1. Figure 5-1lwshdhat the g/kg data are
positively skewed with a long tail to the right. ihis consistent with previous
research on woodburner emissions (e.g. Wilton.e2G06; Kelly et al. 2007a) and is
thought to be a consequence of some woodburneng lheelled with wet wood or

In home testing of particulate emissions from low emissvoodburners: Nelson, Rotorua and Taumarunu¥ 200 11



Figure 5-1:

being operated patrticularly ineffectively. This wlegl distribution of emissions is

likely to be representative of entire airsheds #raission inventories apply to. As
noted by Wilton et al. (2006) and Kelly et al. (Z@), while the median may be a
representative measure of central tendency of tHat®e the mean provides a more
appropriate emission factor for applications susheaission inventories that will

draw on the results from this report.
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Histogram showing distribution of emissions

Dry-weight and wet-weight emissions are includedTiable 5-2 and have been
determined by averaging the mean results (g/kghfeach individual woodburner.
Kelly et al. (2007a) noted that this is a usefuht@que, rather than calculating a
wholesale mean of all runs, to avoid biasing thassion factor estimate towards
results from burners with greater numbers of olserus.

The dry-weight emission factor is a measure of grafnparticulate discharged per
kilogram of fuel burned, with the fuel mass expess®n a dry-weight basis. The
mean dry-weight emission factor is 4.6 g/kg andthis appropriate statistic for
comparing with AS/NZS4013 laboratory measuremehpadiculate emissions.

However, for emission inventory development andegmtions modelling of air quality
management scenarios, it is necessary to use assiemifactor with fuel mass
expressed on a wet-weight basis. The mean wethiveigission factor estimate3s3
g/kg. A 95% confidence interval for the mean emissiantdr of NES-authorised
woodburners was identified as 3.3£2.4 from the &wd-distribution.

In home testing of particulate emissions from low emissvoodburners: Nelson, Rotorua and Taumarunu¥ 200 12



Table 5-2: Average dry-weight and wet-weight emissions forheaoodburner

Mean qlry_ weight Mean wet weight
emissions emissions
(9/kg) (g/kg)
Nelson
NEL1 0.9 0.8
NEL2 1.2 1.1
NEL3 0.4 0.4
NEL4 1.0 0.9
NELS5 1.1 1.0
NEL6* 5.8 45
Nelson mean 18 14
Rotorua
ROT1 1.8 15
ROT2 14 1.2
ROT3 2.8 24
ROT4 3.3 2.7
ROT5 3.0 1.9
ROT6 34 2.3
Rotorua mean 2.6 2.0
Taumarunui
TAU1 2.7 1.3
TAU2 3.1 2.3
TAU3 14.3 9.4
TAU4 29.5 20.5
TAUS 3.0 2.2
TAUG6 5.2 3.7
Taumarunui mean 9.6 6.6
Overall Mean 4.7 33

“ It was noted that burner NEL06 had been modifigdHe removal of some bricks from the
firebox, which is likely to have affected perfornearnof the appliance.

In home testing of particulate emissions from low emissvoodburners: Nelson, Rotorua and Taumarunu¥ 200 13



6. Discussion

Table 6-1:

Table 6-2:

Table 6-1 includes emission factors determined frorsitu testing of home heating
appliances in New Zealand. The emission factor fitbis research (3.3 g/kg) is
equivalent to that estimated for NES-authoriseddbomners at Tokoroa (3.6 g/kg).

Emission factors identified by in situ testing ofid fuel heating appliances in New
Zealand homes. Emission factors are arithmetic meara wet-weight basis, with
95% confidence intervals in brackets.

Emission factor

Reference Appliance type and numbers (g/kg)
Wilton et al. (2006) 12 pre-1994 woodburners 10.7(x4.1)
Kelly et al. (2007a) 9 NES woodburners 3.6* (£1.0)
This study 18 NES woodburners 3.3(x2.4)

* wet-weight emission factor calculated using the dry-weight emissions and wood moisture data
from Kelly et al. (2007a) report, along with wood weight data supplied by MfE.

On inspection of the Taumarunui data, it was nditedl some of the sampler run times
did not match the fuel use records in householeéd Eheets. Some lag is expected
between the field sheet and sampler start timesause the sampler is programmed
not to operate until flue temperature reaches 106f@vever, for household TAU4,
sampler start or stop times were sometimes paatiguhnomalous with the field sheet
records (Table 6-2). Household TAU4 was also notedave relatively high average
emissions (Table 5-2).

Sampler run times and summary of field sheet recofdvood use for household
TAU4 when the sampler operated.

Sampler Field Sheet
start time duration start time Last fuel
Date (hh:mm) (hh:mm) (hh:mm) (hh:mm)
10 Aug 2007 10:24 13:21 10:55 21:45
11 Aug 2007 10:12 10:17 15:00 22:00
13:00 13:24
12 Aug 2007 09:01 10:35 09:10 10:15

The contractor (ARS Limited) maintained that samplata were robust and there is
no reason to exclude household TAU4 from analysis. possible that the field sheet
times may have been inaccurately recorded by thd4TAouseholder, but this is not
certain either. As a sensitivity analysis, if d&a Household TAU4 were entirely

excluded from analysis, the wet weight emissionidiaerould decrease to a mean of
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2.3g/kg, with 95% confidence limits of 1.1g/kg.d&ta from household TAU4 are
excluded from analysis, the 95% confidence intefa#ls entirely within the 95%
confidence interval identified in Figure 6-1). Figu6-1 also shows that the 95%
confidence interval from this study is broader thz@ 95% confidence interval of 2.6—
4.6 g/kg, estimated for wet weight emissions framerNES-authorised woodburners
at Tokoroa in 2007 (Kelly et al. 2007a).

The mean of 3.3 g/kg and 95% confidence intervad.8£5.7 g/kg, identified here,
may be regarded as limits that air quality pramtiéirs may confidently use for
uncertainty analysis with emission inventories anddelling applications. When
using the emission factor of 3.3 g/kg presentee hieris important that air quality
practitioners consider the level of uncertainty &inel impact this may have on their
specific applications.

&
——i
—y—
i
T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0
a/kg

Figure 6-1:  Mean emissions and 95% confidence intervals for JdHBorised woodburners from:
this study when data from household TAU4 are inetublack square); this study
when data from household TAU4 are excluded (bluemdind); Tokoroa NES-
authorised woodburners (Kelly et al. 2007a — redtlej; and Tokoroa pre-1994
woodburners (Wilton et al. 2006 — black triangle).

The mearin situ wet-weight emission factor of 3.3 g/kg is arouhtee times smaller
than the emission factor of 11 g/kg identified poe-1994 woodburners (Wilton et al.
2006) and the 95% confidence intervals demonsttetthe difference between the
emission factors is statistically significant (Figi6-1).

While many of the NES-authorised woodburners hadmenissions less than 3 g/kg,
there was some variability in the data, includimg textreme mean results from
Taumarunui (10 g/kg and 21 g/kg). An investigatidrrivers of emissions variability

will be undertaken in a subsequent report. Theomaer confidence interval from the
Tokoroa results (Kelly et al. 2007a) may be a cqueace of the sample of
woodburners being mostly from the same manufaciarénat study, which is likely

to reduce the variability of results. Notwithstamgli the greater number of
manufacturers represented in this report, testihgam even broader range of
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woodburner models would be valuable to elucidatecae robust and representative
emission factor for application throughout New Zeal. It would also be of
considerable value to undertake testing of NESaigled woodburners in a number
of alternative urban areas, to improve the reptesiganess of the emission factor for
use throughout New Zealand.

Houck et al. (2008) note that inter-regional vaoiatoccurs for woodburner emission
factors in the United States, depending on diffetimate and socio-demographic
characteristics between regions. Until further aede is undertaken in other New
Zealand urban areas, air quality practitioners rdagide that climate or socio-

demographic characteristics for particular airshats better represented by either
Nelson, Rotorua or Taumarunui, rather than an geedd the three. In this case, the
mean emissions for one of the urban areas in T&llenay be considered instead of
the overall mean emission factor of 3.3 g/kg.
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7. Conclusion

A mean wet-weight emission factor of 3.3 g/kg wasiwed for NES-authorised
woodburners in New Zealand, which represents atfolel reduction when compared
to an emission factor estimated for pre-1994 woodkns. However, there was
considerable variability in results from this studgd the 95% confidence interval
around the mean was 0.8-5.7 g/kg.

Compared to the previous real-life investigatidhg study collected a relatively large
number of samples of particulate emissions fromidgewange of randomly chosen
NES-authorised woodburners. This provides a mopeesentative emission factor
than previously reported for NES-authorised woodbts operating under real life
conditions, however the robustness could be imgto¥ée results presented in this
report do provide a step forward toward providingplust emission factor for use in
dispersion modelling applications and emission mesges. However, due to the
variability of results, it is acknowledged that theission factor presented in this
report would benefit from further refinement. Fbrstreason, it is concluded that the
objective of this project was only partially achéelv

It is concluded that further in-situ testing of NB&thorised woodburners could
improve the representativeness and robustnessis§iem factors for NES-authorised
woodburners in New Zealand. The benefits of un#dargpadditional in-situ testing
include:

Obtaining a greater number of test results — ainiingeduce the size of the
95" percentile confidence interval and/or increasefidence in the mean
value of the emission factor

Testing a wider range of NES-authorised burners

Undertaking tests in towns where the type and uafiwood may vary from
that already tested

Producing more complete and robust measurementsagt and moisture
from wood burned on the fires

Improving the capture rate of gaseous datd (O

7.1. Future work

During the testing programme and subsequent asabjshe data a number of issues
arose that were outside the specific objective hi§ project. It is important to
acknowledge these issues now and plan to address dh a later date in subsequent
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research projects. However, to expedite the puiicaof this report no attempt will
be made to address these within this document.

The first and probably the most important issué #iase was identifying operational
factors that are associated with variability of gsions from night-to-night (at the
same house) and from house to house. An investigati emissions variability will
be undertaken in a subsequent report, anticipatbd published later in 2008.

The following is a list of additional issues thaiay be of interest and value in
subsequent research projects:

How do the real-life emissions measurements comimathe AS/NZS4013
results for comparable units?

How do the real-life emission factors measured kherapare to the emission
factors currently used in inventories? Do theseltedhave any potentially
significant impacts for emission inventories or esion reduction strategies?

What factors are associated with variation of eioigs and how may this
work be used to assist other investigations touatalthe impact of different
variables on emissions? For example, ARC is cugrenihdertaking
laboratory trials of woodburner emissions to depedalomestic fire emission
model.

An investigation of results from different urbareas could be useful to
identify possible reasons for any variability thady be observed

Investigate the effect of wood moisture on emissiand compare this to
results from other New Zealand studies

Is the mean value of real life home heating emis&w@tors the most useful
value to use for emission inventories? Or are tladernative measures that
should be considered?

Are there alternative and more reliable methodsmaiitoring real life
emissions from woodbuners than the equipment wseithis programme?

Do woodburners with AS/NZS4013 emissions of lessth.0 g/kg produce
lower emissions in real-life than burners with diaml emissions between 1.0
to 1.5 g/kg?
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Appendix 1: Raw data

Raw data from the testing programme are provide@iable A1 and Table A2. The
data in this report have been provisionally sugply the company contracted to
undertake the sampling (ARS Limited) and, whileysmnal, are unlikely to change
when the contractor delivers the final report.

For Table Al, dry-weight emissions were provideddRS and were used, along with
moisture data from Table A2, to calculate wet-weigiissions.
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Table A-1: Raw data from sampling of home heating emissions

Dry Wt Dry Wt Dry Wt
emissions emissions emissions
Run (a/kg) Run (g/kg) Run (g/kg)
NELSON ROTORUA TAUMARANUI
NELO1_1 0.63 ROTO01_1 TAUO1_1
NELO1_2 161 ROTO01_2 2.42 TAUOL_2 4.07
NELO1_3 053 ROTO01_3 1.08 TAUOL1_3 0.68
NELO1_4 1.03 ROTO01_4 3.44 TAUO1_4
ROTO01_5 1.86 TAUOL1_5 3.33
NELO2_1 246 ROTO01_6 0.70 TAUOL_6 2.82
NELO2_2 144 ROTO01_7 1.48 TAUO1_7
NELO2_3 1.69
NELO2_4 112 ROT02_1 0.22 TAU02_1 155
NELO02_5 046 ROT02_2 1.98 TAU02_2 4.45
NELO2_6 055 ROT02_3 1.47 TAU02_3 2.70
NELO2_7 0.83 ROT02_4 1.87 TAU02_4 3.85
ROT02_5
NELO3_1 041 ROT02_6 TAUO3_1 33.29
NELO3_2 0.36 ROT02_7 TAUO3_2 11.32
NELO3_3 051 TAUO3_3
NELO3_4 0.40 ROT03_1 7.93 TAUO3_4
NELO3_5 045 ROTO03_2 0.19 TAUO3_5
NELO3_6 043 ROTO03_3 121 TAUO3_6 8.89
NELO3_7 047 ROTO03_4 5.25 TAUQO3_7 3.55
ROTO03_5
NELO4_1 0.46 ROT03_6 1.68 TAUO4_1
NELO4_2 3.15 ROT03_7 0.67 TAUO4_2
NELO4_3 052 TAUO4_3
NELO4_4 043 ROT04_1 2.67 TAUO4_4
NELO4_5 111 ROT04_2 241 TAUO4_5 33.66
NELO4_6 0.75 ROT04_3 2.85 TAUO4_6 47.77
NELO4_7 071 ROT04_4 7.56 TAUO4_7 7.04
ROT04_5 1.03
NELO5_1 050 ROT04_6 3.40 TAUO5_1 6.48
NELO5_2 1.08 ROT04_7 3.30 TAUO5_2
NELO5_3 203 TAUO5_3 1.44
NELO5_4 114 ROTO05_1 TAUO5_4 211
NELO5_5 0.87 ROTO05_2 1.49 TAUO5_5
ROTO05_3 3.05 TAUO5_6
NELO6_1 3.05 ROTO05_4 7.14 TAUO5_7 2.16
NELO6_2 265 ROTO05_5
NELO6_3 795 ROTO05_6 2.25 TAUO06_1 6.44
NELO6_4 724 ROTO05_7 1.04 TAUO06_2
NELO6_5 6.84 TAU06_3 5.81
NELO6_6 7.06 ROTO06_1 5.72 TAUO6_4 3.29
NELO6_7 ROTO06_2 TAUO06_5
ROT06_3 TAUO6_6
ROTO06_4 3.53 TAUO06_7
ROT06_5 1.46
ROT06_6
ROTO06_7 3.03
ROTO06_8 3.47
ROT06 9 3.33
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Table A-2: Details of woodburners and fuel used during thession testing.
Oven Dried  Manual
Fuel Fuel mix ~ Moisture Moisture
Make Model Type (%) (% wiw) (% wiw)
Nelson
NELO1 Ethos FS100 Pine 100 18.0 18.0
NELO2 Logaire Hestia, Bay Door, Clean Air Pine 70 13.9 13.3
Belian 30 13.7 14.0
NELO3 Firenzo Lady Kitchener 800, EF Dry Native mostly beech 100 15.6 18.1
NELO4 Ethos FS100 Pine 100 15.8 12.4
NELO5 Metro Eco Pioneer Split Pine 100 15.1 145
NELO6 Ethos FS100 with projecting bricks removed Oregon, blue gum 100 21.2 22.6
Rotorua
ROTO1 Metro Eco Pioneer Ped Pine 100 16.9 18.0
ROTO02 Kent Firenze Max Matai 50 15.5 15.4
Rata 50 15.0 18.2
ROTO03  Jayline Classic FS Pine 100 15.1 155
ROT04  Metro Eco Aspire Ped Pine 50 14.4 19.8
Oregon 50 334 213
ROTO05 Metro Eco Pioneer Ped Oregon 100 46.6 37.0
ROTO06 Kent Signature Pine 50 20.2 19.0
Fruit Trees 50 47.4 >40.0
Taumaranui
TAUO1 Metro Eco Wee Rad Willow 100 51.2 >40.0
TAU02 Woodsman Matai ECR Mark 2 Redwood, Pine, Kanuka 100 245 271
TAUO3 Woodsman Matai ECR Mark 2 Pine 100 32.2 338
TAUO4 Metro Eco Rad Pine, Kanuka, Totara 100 28.9 37.9
TAUO05 Woodsman Matai ECR Mark 2 Totara, Kahikatea 100 29.4 27.4
TAUO6 Metro Eco Series Wee Rad Blue Gum, Kaikatio 100 35.1 27.7

In home testing of particulate emissions from low emissvoodburners: Nelson, Rotorua and Taumarunu¥ 200

21



Appendix 2: ARS report and technical bulletin descibing the portable
emissions sampler
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