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Executive Summary

A number of projects to measure in-situ emissidngasticulates 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 seleGteelefore it is possible that these programmes
may not have provided a representative emissiaorfdéar use in inventories and scenario modelling
of air quality management strategies.

The objective of this project was to derive a rabBM;, emission factor for representing NES-
authorised woodburners in dispersion modellingigppbns and emission inventories.

In situ testing of 18 NES-authorised woodburners was uakien in Nelson, Rotorua and Taumarunui

during the winter of 2007. A total of 92 valid rétisuwere obtained. A mean wet-weight emission
factor of 3.3 g/kg was derived, which representsree-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 intervabiacbthe mean was 0.8-5.7 g/kg.

Compared to the previous real-life investigatiotiss 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 f&iepard toward providing a robust emission factar f
use in dispersion modelling applications and ermis&iventories. However, due to the variability of
results, it is acknowledged that the emission fapgtesented 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-authoriseddburners 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 (PAj) is 50
ug/m® when averaged over 24 hours from midnight. Thisngard is regularly
exceeded in many of New Zealand’s urban areasglthgwinter months.

Emission inventories have been undertaken in mdrthese urban areas and show
that domestic home heating is the major sourceadfqulate air pollution throughout
New Zealand (e.g. Wilton 2003, Scott & Gunatilaka02, 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 ingdas show that apart from in a
few towns, such as Invercargill, Gore and Reeftdrene coal burning cannot be
ignored (Wilton 2005¢, Wilton 2005d), wood is th@sh common fuel for domestic
heating appliances in New Zealand.

When constructing emission inventories, fuel-usé¢a dare usually obtained and
emissions are then estimated via the applicati@nuo$sion factors that specify grams
of particulate emitted for every kilogram of fuelrht (g/kg). Emission inventories are
essential for local authorities to identify the doamt sources that contribute to
exceedances of the air quality guidelines and stasd Projections models are also
commonly used tools and provide local authoritieghwpredictions of future
emissions under various management scenarios. dtisiahs that Councils make to
address air quality issues will often be basedmisg®ons 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 isgiviBichamp & Wilton 2002). Using
emission factors that are erroneous would leadtoriect estimations of projected
reductions in PN, emissions required to meet NES and regional plamuality
targets.

To address the ambient Rjproblem at a national level, the NES also contains
design standard for new woodburner installationsiiban areas. From September
2005, all woodburners installed on properties thag 2 ha in size have been required
to have a thermal efficiency greater than 65% akid,Remission rate less than 1.5
o/kg, when tested to AS/NZS4012 and AS/NZS4013eetbely.

In home testing of particulate emissions from lamission woodburners: Nelson, Rotorua and Taumar200if 1
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Airshed emission reduction targets are often bamedgains anticipated through
switching from older woodburners to NES-authorisezbdburners and on estimates
of how many NES-authorised burners may be operaiéidn a particular airshed
without breaching the target. Robust quantificatidrreal life emissions from NES-
authorised woodburners is essential information ttee planners and scientists
responsible for developing plans to ensure thalNtB8 for PM, will be met.

1.1. Standard test methods for solid fuel burning appliaces

The standard methods for testing thermal efficieand particulate emissions from
solid fuel burning appliances are AS/NZS4bagd AS/NZS4013respectively. These
standards apply to batch-fed domestic heating apdis with a net heat output less
than 25kW. The testing requires the appliance topmrated in a calorimeter room,
with emissions discharged into a dilution tunnetl @ampled 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 chamabkme. For firewood loads, there
are specifications for gaps between logs and tiebdik, along with fuel quality and
log size.

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

! AS/INZS4012 (1999). Domestic solid fuel burning kces - Method for determination of

power output and efficiency. Australian/New Zealétdndard AS/NZ 4012;1999. Standards
Association of Australia, Homebush , NSW, Australidandards New Zealand, Wellington,
New Zealand.

2 AS/NZS4013 (1999). Domestic solid fuel burning lges - Method for determination of
flue gas emission. Australian/New Zealand Stan@&(NZ 4013;1999. Standards Association
of Australia, Homebush , NSW, Australia, Standavdsv Zealand, Wellington, New Zealand.

In home testing of particulate emissions from lamission woodburners: Nelson, Rotorua and Taumar200if 2



—NIWA __—

Taihoro Nukurangi

2. Real life woodburner emission testing in New Zealah

2.1

In situ emissions testing has suggested that real lifestams from woodburners may
be many times higher than emissions measured ubBgAS/NZS4013 standard
procedures (Scott 2005, Kelly et al. 2007a). Dutnéorequirements 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 controlledditions and were not intended to
provide emission factors representative of rea bperating conditions. However,
Applied Research Services (ARS) in Nelson have hesng a portable emissions
sampler based on the Oregon Method 41 (OM41, ondao 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 avdod weight basis
(e.g. Scott 2005, Wilton & Smith 2006, Kelly et &007a). Dry-weight emission
factors should always be used when comparing iddali woodburners, because this
avoids the confounding variable of wood moistur@wdver, wet-weight emission
factors are required for input to inventories amndheed dispersion models, because
domestic heating emission estimates are calculated) estimates of wet-weight fuel
mass.

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

Another potential source of confusion, when idginig emission factors from field
testing of domestic woodburners, is the choice edian or arithmetic mean to
describe the emission factor. Wilton & Smith (208€&)orted an emission factor based
on median woodburner emissions, because the madian more representative
measure of central tendency for skewed datasetwety, Wilton et al. (2006) and
Kelly et al. (2007a) chose to report the mean aomsfactor, because the skewed
distribution of emissions from the woodburner samigl very likely to be consistent
with the population distribution. It is therefomaportant to use an emission factor that
represents the population of woodburners and thimat be established from the
median emissions.

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

In home testing of particulate emissions from lamission woodburners: Nelson, Rotorua and Taumar200if 3
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2.2. Real life testing of low emission woodburners (Chstchurch 2003/04)

The first field emissions testing of low emissiolwagburners in Australasia was a
three stage project, with up to six applianceste$or 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 obtaiinech a merchant.

The same firewood and test procedure was usedgl@tage Il of Scott’'s (2005)
research, with the difference that this was anamé test of five appliances operated
by a laboratory technician. The aim was to compasetu emissions with those from
Stage | and AS/NZS4012/3 testing. The final testi@ge Ill) was to determine the
impact of householder operation and fuels on enonissby comparing with Stage |,
Stage Il and AS/NZS4012/3 results. During Stagehibuseholders supplied their own
firewood and operated their appliances as they dvonla normal winter day.

Although Scott’'s (2005) aim was to develop relatinips between all three test stages,
along with identification of emissions for eachg&ait was concluded that Stage | and
Stage Il results were not useful for drawing infees 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 emis&ator used at the time for low
emission burners may have been many times too Hmwever, Scott (2005) noted
that due to the small sample size of this studwgai$ not possible to identify a robust
emission factor for low emission woodburners.

Also due to the small sample size, Scott (2005) waable to elucidate a factor for
converting AS/NZS4012/3 test results to an emis&ator that represented real life
operating conditions. Scott's (2005) research didntify the need for a more
comprehensive study, with a greater number of appéis and a wider variation of
operational and firewood characteristics. Withdhis tresearch, the application of
unrepresentative emission factors, and consequentiyrrect estimates of P
reductions required to meet air quality objectiveem 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-18@bdburners in Tokoroa. The
fuel, operational and test procedures for the relewere 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 compéfavourably witha priori emission

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

In home testing of particulate emissions from lamission woodburners: Nelson, Rotorua and Taumar200if 4
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woodburners. The dry weight emission factor of Ikggdentified by Wilton et al.
(2006) is appropriate for comparing with emissioesults 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 emissariability from older woodburners:
total mass of fuel burnt; sample duration; fuel shaie content; operational setting
(low, medium or high); number of pieces; and weightwvood used throughout the
sample period. Regression tree analysis was usedetttify these relationships
because some of the relationships between emisaihperational 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 househadils,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 threeideholds already had NES-
authorised woodburners and were willing to partitgoin the research.

The fuel, operation and test procedure was the samsmihat used by Wilton et al.
(2006). The results of the NES-authorised woodhbutesting 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-weighsis, wet-weight emission factors
are required for inventory construction. Moreowvayen of the nine NES-authorised
woodburners tested at Tokoroa were from the sameufaeturer and caution was
advised due to the limited dataset and narrow rarideurner designs (Kelly et al.
2007a). The emission factor from Kelly et al. (28D7s therefore unlikely to be
appropriate for representing NES-authorised woatlngrin emission inventories.

As part of the current project, wood use data fribim 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 froearemaining three pellet fires was
1.4 g/kg.

In home testing of particulate emissions from lamission woodburners: Nelson, Rotorua and Taumar200if 5
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Knowledge gap: representative emission factor for BS-authorised woodburners

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

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

Summary of real life emission testing results inwN&ealand. Emissions are
arithmetic means, although some were publishedealiams 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 111) 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 1.4 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 existsitficsitu testing of a greater number and
wider range of NES-authorised emission woodburrtersprovide a robust and
representative emission factor for this class aftihg appliance.

In home testing of particulate emissions from lamission woodburners: Nelson, Rotorua and Taumar200if 6
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3. Study objective

The objective of this research was to:

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

4. Method

4.1.

4.2.

Sampling programme — Household details

Eighteen households with NES-authorised burnerse vemlected for testing. The
households were located in Rotorua, Taumarunui Ngidon — 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 holdlvere 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 Envinment, along with support from
local heating appliance dealers and manufactur&rdotal of 16 retrofit NES-
authorised woodburners, pellet fires and gas apgdis 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, testirgg wonducted on a daily basis
with two samplers being operated at separate holdshThe seven day monitoring
period was required to give a reasonable numbefatd per burner to account for
daily variations in operation and, consequentlyissians. To compensate households
for inconvenience, all were offered a $50 gift vioeicper night of testing, along with
an additional $10 voucher to compensate for el@ttrcosts over seven days. Filters
were changed daily and weighed at the ARS laboratoNelson.

Testing was carried out using firewood belongingtite home owners and the
householders were requested to operate the buasdhey would for everyday normal
use. Householders were also asked to keep recbfasl oveight and loading times.

In-situ emissions testing

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

In home testing of particulate emissions from lamission woodburners: Nelson, Rotorua and Taumar200if 7
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showed that emissions were dominated by, P(94%) and PMs (92%) (McCrillis
2000). Because of this, the emission factors ifledtin this report are expected to be
fundamentally representative of R\lthough, as noted by Houck et al. (2008), using
PM as a surrogate of BMwill slightly over-predict the emission factors.

This system is based on the OM41 (or ‘Condar’) meétfBarnett 1984) and results
correlate well with data from the AS/NZS4013 metl{dRS 2005). To simulate the
dilution and cooling that occurs when woodburneissions exit chimney flues, the
sampling head includes a dilution system to combihe emissions with an
appropriate mix of ambient air (Figure 4-1) Flus gadrawn 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 glass filtters (Gelman Type A/E Cat
No 61631) that collect the particulate emissions.

The dilution system ensures that condensationlpfooimpounds, such as polycyclic
aromatic hydrocarbons, and consequent particulatsdtion occurs in a similar
fashion as when flue gas is exhausted to ambienOaie 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 #guipment available, it was not
possible to quantify this additional loss of vdettomponents.

In home testing of particulate emissions from lamission woodburners: Nelson, Rotorua and Taumar200if 8



—’N"*M/

Taihoro Nukurangi

Figure 4-1:  Flue intakes showing plain sample tube for gasyasisahnd 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 &om the manifold assembly
that is used here to replicate the effect of thetidn tunnel specified in AS/NZS4013.
Further details of the sampler design and operaifortiple are described by Wilton
et al. (2006) and in ARS Technical Bulletin 72 (Apdix 2).

4.3. Calculation of wet-weight emission factor

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

Equation 1 EFe = EFyy

x(1-6)

In home testing of particulate emissions from lamission woodburners: Nelson, Rotorua and Taumar200if 9
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where: EF, is the wet-weight emission (g/kg)EFqy is the dry-weight emission
obtained from sampling results (g/kg); afids the measured gravimetric moisture
content of wood (%, wet weight basis).

Figure 4-2:  PM,o sampler (at right) fom situ woodburner emissions testing

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

3 Standard AS/NZS 1080.1:1997 "Timber - Methods @$tT1 - Moisture Content".

In home testing of particulate emissions from lamission woodburners: Nelson, Rotorua and Taumar200if 10
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5. Results

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

Table 5-1: Location, dates and number of tests undertakemeimonitoring 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
TAU1 07-13 August 7 4
TAU2 22-25 August 4 4
TAU3 13-19 August 7 4
Taumarunui
TAU4 06-12 August 7 3
TAU5 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 5-1wshdhat the g/kg data are
positively skewed with a long tail to the right. i$his consistent with previous
research on woodburner emissions (e.g. Wilton.e2@06; 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 lamission woodburners: Nelson, Rotorua and Taumar200if 11
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being operated particularly ineffectively. This wslesl distribution of emissions is

likely to be representative of entire airsheds #maission inventories apply to. As
noted by Wilton et al. (2006) and Kelly et al. (289, while the median may be a
representative measure of central tendency of tbate 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/kgh feach individual woodburner.
Kelly et al. (2007a) noted that this is a usefuhtdque, rather than calculating a
wholesale mean of all runs, to avoid biasing thession factor estimate towards
results from burners with greater numbers of olztems.

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

However, for emission inventory development anggmtions modelling of air quality
management scenarios, it is necessary to use assiemifactor with fuel mass
expressed on a wet-weight basis. The mean wethtveigission factor estimate 3s3
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 lamission woodburners: Nelson, Rotorua and Taumar200if 12
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Table 5-2: Average dry-weight and wet-weight emissions forheaoodburner

Mean (.jry.weight Mean \{vet.weight
emissions emissions
(9/kg) (9/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 4.5
Nelson mean 1.8 1.4
Rotorua
ROT1 1.8 1.5
ROT2 1.4 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
TAUl1 2.7 1.3
TAU2 3.1 2.3
TAU3 14.3 9.4
TAU4 29.5 20.5
TAU5 3.0 2.2
TAUG6 5.2 3.7
Taumarunui mean 9.6 6.6
Overall Mean 4.7 3.3

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

In home testing of particulate emissions from lamission woodburners: Nelson, Rotorua and Taumar200if 13
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6. Discussion

Table 6-1:

Table 6-2:

Table 6-1 includes emission factors determined fiorsitu testing of home heating
appliances in New Zealand. The emission factor ftbis research (3.3 g/kg) is
equivalent to that estimated for NES-authoriseddbowmners 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(%2.4)

* 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 nt¢itatl some of the sampler run times
did not match the fuel use records in householigdat 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 paatiguhinomalous with the field sheet
records (Table 6-2). Household TAU4 was also ntdeldave relatively high average
emissions (Table 5-2).

Sampler run times and summary of field sheet recofadvood 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 thg4Thouseholder, but this is not
certain either. As a sensitivity analysis, if d&a Household TAU4 were entirely

excluded from analysis, the wet weight emissionidiawould 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 intefalks 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 thia 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/lkg and 95% confidence interval.8+5.7 g/kg, identified here,
may be regarded as limits that air quality pramtiérs may confidently use for
uncertainty analysis with emission inventories anddelling applications. When
using the emission factor of 3.3 g/kg presentea,hiéris important that air quality
practitioners consider the level of uncertainty &mel impact this may have on their
specific applications.

4
——
——
i
0‘.0 2‘.0 4‘.0 6‘.0 8‘.0 1(;.0 12‘.0 14‘1.0 16;.0
a/kg

Mean emissions and 95% confidence intervals for JdEtBorised woodburners from:
this study when data from household TAU4 are inetudblack square); this study
when data from household TAU4 are excluded (bluemdind); Tokoroa NES-
authorised woodburners (Kelly et al. 2007a — retle); 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 demonsthatethe difference between the
emission factors is statistically significant (FRig-1).

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

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

to reduce the variability of results. Notwithstamgli the greater number of
manufacturers represented in this report, testifigam even broader range of
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woodburner models would be valuable to elucidateoae robust and representative
emission factor for application throughout New 2Zeal. It would also be of
considerable value to undertake testing of NESaigbd woodburners in a number
of alternative urban areas, to improve the reptaesi#aness 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 differdimate and socio-demographic

characteristics between regions. Until further aesle is undertaken in other New
Zealand urban areas, air quality practitioners mdagide that climate or socio-

demographic characteristics for particular airshads 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 Tafilenay be considered instead of
the overall mean emission factor of 3.3 g/kg.

In home testing of particulate emissions from lamission woodburners: Nelson, Rotorua and Taumar200if 16
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7. Conclusion

A mean wet-weight emission factor of 3.3 g/kg wasived for NES-authorised
woodburners in New Zealand, which represents a&tfolel reduction when compared
to an emission factor estimated for pre-1994 woadéns. 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 woodbus operating under real life
conditions, however the robustness could be immro¥ée results presented in this
report do provide a step forward toward providingplust emission factor for use in
dispersion modelling applications and emission meges. However, due to the
variability of results, it is acknowledged that thmission factor presented in this
report would benefit from further refinement. Fbistreason, it is concluded that the
objective of this project was only partially acteelv

It is concluded that further in-situ testing of NB&horised woodburners could
improve the representativeness and robustnessis$iem factors for NES-authorised
woodburners in New Zealand. The benefits of uné@ertpadditional 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

e Testing a wider range of NES-authorised burners

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

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

e Improving the capture rate of gaseous datd (O

7.1. Future work

During the testing programme and subsequent asatyshe data a number of issues
arose that were outside the specific objective ho$ fproject. It is important to
acknowledge these issues now and plan to addressdha later date in subsequent
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research projects. However, to expedite the puisicaf this report no attempt will
be made to address these within this document.

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

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

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

* How do the real-life emission factors measured leerapare to the emission
factors currently used in inventories? Do thesaltedave any potentially
significant impacts for emission inventories or gsion reduction strategies?

* What factors are associated with variation of eimigs and how may this
work be used to assist other investigations touatalthe impact of different
variables on emissions? For example, ARC is cugenihdertaking
laboratory trials of woodburner emissions to depedadomestic 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$amtors the most useful
value to use for emission inventories? Or are tldiernative measures that
should be considered?

» Are there alternative and more reliable methodsmahitoring real life
emissions from woodbuners than the equipment uwetthis programme?

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

Raw data from the testing programme are providedable A1l 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-wemissions.
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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 (9/kg) Run (g/kg) Run (a/kg)
NELSON ROTORUA TAUMARANUI
NELO1_1 0.63 ROTO1_1 TAUOL_1
NELO1_2 161 ROTO1_2 2.42 TAUOL_2 4.07
NELO1_3 0.53 ROTO01_3 1.08 TAUO1_3 0.68
NELO1_4 1.03 ROTO1_4 3.44 TAUOL_4
ROTO01_5 1.86 TAUO1_5 3.33
NELO02_1 246 ROTO1_6 0.70 TAUOL_6 2.82
NELO2_2 144 ROTO1_7 1.48 TAUOL_7
NELO2_3 1.69
NELO2_4 112 ROT02_1 0.22 TAUO2_1 1.55
NELO2_5 0.46 ROT02_2 1.98 TAU02_2 4.45
NELO2_6 055 ROT02_3 1.47 TAUO2_3 2.70
NELO2_7 0.83 ROTO02_4 1.87 TAUO02_4 3.85
ROT02_5
NELO3_1 041 ROTO02_6 TAU03_1 33.29
NELO3_2 0.36 ROTO02_7 TAUO3_2 11.32
NELO3_3 051 TAUO3_3
NELO3_4 0.40 ROTO03_1 7.93 TAUO3_4
NELO3_5 045 ROT03_2 0.19 TAUO3_5
NELO3_6 0.43 ROTO03_3 1.21 TAUO3_6 8.89
NELO3_7 0.47 ROTO03_4 5.25 TAUO3_7 3.55
ROTO03_5
NELO4_1 0.46 ROTO03_6 1.68 TAUO4_1
NELO4 2 3.15 ROT03_7 0.67 TAUO4 2
NELO4_3 0.52 TAUO4_3
NELO4_4 0.43 ROTO04_1 2.67 TAUO4_4
NELO4 5 111 ROT04 2 2.41 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 0.50 ROT04_6 3.40 TAUO5_1 6.48
NELO5_2 1.08 ROT04_7 3.30 TAUO5_2
NELO5_3 2.03 TAUO5_3 144
NELO5_4 1.14 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 2.65 ROTO05_5
NELO6_3 7.95 ROTO05_6 2.25 TAUO6_1 6.44
NELO6_4 7.24 ROTO05_7 1.04 TAUO06_2
NELO6_5 6.84 TAUO6_3 5.81
NELO6_6 7.06 ROTO06_1 5.72 TAUO6_4 3.29
NELO6_7 ROT06_2 TAUO6_5
ROTO06_3 TAU06_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 theseion 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 15.5 154
Rata 50 15.0 18.2
ROTO03  Jayline Classic FS Pine 100 15.1 155
ROTO04 Metro Eco Aspire Ped Pine 50 14.4 19.8
Oregon 50 334 21.3
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 27.1
TAUO03 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
TAU06 Metro Eco Series Wee Rad Blue Gum, Kaikatio 100 35.1 27.7
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Appendix 2: ARS report and technical bulletin descibing the portable
emissions sampler

P.O. Box 687, NELSOM,

APPLI ED NEW ZEALAND
'4dARESEARCH P (02) Bar 208

SERVICES LIMITED EMAIL: info@spplledreceann.o.nz

WES: www.appisdresaarch.ca.nz

Report 081776 February 15, 2008 Page 1116
Customer:  National Institute of Water and Atmospheric Research P1238M1
P.0. Box 8602
CHRISTCHURCH

Attention: Jeff Bluett

Results of in Home Testing 2007

1.0 Overview

Measurements of particulate emissions from domestic wood fired heaters were made in Nelson,
Taumazranui and Rotoria during the winter of 2007, Tests were carried out by samoling flue gases
using automataed sampling equipment instalied in homes in these locations. While sampling was
taking place the householders were asked 0 record information about what was loaded into the
heater and how the controls were set.

This report containg resulis and information obiained during the samgling grogram.

Al Methodology
2.1 Selection of Households

Participanis weare identifizd by regional (or unitary) councils in the areas concerned from lists of
nouseholds having recently insialied heaters complying with the National Environmental Standards.

Lalfuel

Fue! was not supplied to the households for the testing. Instead, each househoid humed whatever
they would normally burn. The moisture content of a representative portion of the fusl was measured
an site by our using an electronic moisture meter. In addition, two or more samplas from 2ach
Iocation were returned to the laboratony for moisture determination by oven drying in accordance with
ASINZS 4014 .2 1999

Paricipants noted on a worksheet what fuel was humed on a particular day.

Participants were asked to weigh and record anything placed on the fire by using a set of kitchen
scales that were provided for the purpose. [n addition, in most households an electronic scale was
provided on which participants were asked to place their wood hasket They weare asked to fusl the
fire with wood from this basket while the fire was running. The weight of the basket was automatically
recorded while the heater was running.

Cwir report 0817592 gives details of the two methods of weighing the fuel and the guality of the data
ohtained with each
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2.3 Emissions Sampli

A portable emissions sampler was installed in each household for the duration of the tests. Details of
this sampler are given in our Technical Bulletin 72 Yersion MW1 which is appended to this repart.
Resulis from the sampler can be used to calculate an emissions rate in g/kg (dry wood hasis)
independently of any infarmation recorded by the householder. Filters on the sampler were changed
daily.

2.4 Calculation of Carbon Dioxide Results

The carhon dioxide values given in the master resulis table were oblained from the aoygen resulis by
calculation using the equation helow. This is basad on the stoichiometry of combustion of wood with
a composition of CasHe 1022

%00, =-0.943 ¥ %0, + 19.82
&l Besylts

Results are contained in the spreadsheets and personal document files (pdf) files on the
accompanying disc.

3.1 Master Table

This contains a workshest for each location (Melson, Rotorua and Taumaranui). Each workshesat
containg the following data (where available) for each run:

colum 1D Description

n

1 Run Run identification code

2 Wt electronic Weight of wood consumed (elecironic scales)

3 Wt wiorkshest Weight of wood consumed (manual scales)

4 % high % of time the appliance was operated with the conirol 52t to high
5 % medium % of fime the appliance was operated with the control s&t to med
[5] % low % of time the appliance was operated with the contral 5=t to low
7 L oadings Mumber of fusl loadings per run

a Piecas Mumber of fusl pieces added per run

] Start g Filter weight at start of run

10 Finish g Filter weight at end of run

11 Diff mg Weight of depasit (by difference)

12 Flug T Average flug lemperaiure

13 Sampler T Average filter temperature

15 EF a'kg Emissions rate g/kg

16 EF g/hr Emissions rate g/hr

17 Oxygen max Maximum flus oxygen concentration (% dry) during run

18 Oxygen min Minimum flue oxygen concentration (% dry) during run

19 Oxygen average Average flue oxygen concentration (% dry) during run

20 Flue Temp max IMaximum recorded flue temperature during run

21 Flue Temp min Minimurm recorded flug t2mperature during run

22 Flue Temp average | Average recorded flue temperature during run

23 Carbon Dioxide min | Minimum flug carbon dioxide conceniration (% dry) during run
24 Carbon Dicxide max | Maximum flue carbon dioxide concentration (% dry) during run
25 Carbon dioxide av Average flue carbon dicxide concentration (% dry) during run
26 Duration Fun duration

27 Sampler LPM Gas flow rate through emissions sampling train

28 Gas Analyser LFM Gas flow rate through gas analyser train

24 Date Date on which the run stared

a0 Comments Comments recorded about sampler operation
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23



—NIWA_—

Taihoro Nukurangi

Report 081776 February 15th , 2008 Page 316

42 Wood and Stove Datg Bv Household

This spreadsheet contains information about the wood fired heater (make, model and serial number),
the wood bumed and whether or not a wethack was fitted along with information about the fuel
bumed (species, size and moisture content). The spreadsheet is organised as follows:

colum | ID Description

n

1 Run Fun identification code

2 Make Heater manufacturer

3 Model Heater model

4 SN Heater serial number

5 Wethack Whether a wet-back (hot water booster) was fitied

i Fuel The type of fuel heing burned

T Approxsa The propaortion of each type of fusl where maore than one type was
heing burned

i) Size Information about the size and shape of the fuel pisces

a9 Oven DOned Moisture | Moisture (% wet weight basis) measurements on wood samples
obtained by oven drying. Individual readings and mean readings are
reported

10 On Site Maisture Moisture measurements on wood samples ohiained on site using an

Meter glectronic moisture meter. Individual readings and mean readings

are repored.

3.3 Household Data Record Sheets

The householders completed a form while operating the heater on which they recorded information
about the fuel and control settings. Copies of the completed workshests can be found as pdf files on
the accompanying disc.

4.0 Meta Data

This section provides information on problems we encountered during the test program and on areas

where such programs could be improved in futurs.

4.1 Use of Non-Technical Staff to Operate Sampling Equipment

MIVVA chose to use non-technical staff 1o operate the samplers in Taumaranui and Rotorua. These
consisted of regional council staff, contraciors and volunizers.

The sampling equipment is designed to be operated by qualified and trained technicians. Far
example, with previous work in Tokoroa a staff member from our Melson laboratory was prasent in
Tokoroa for over a week to ensure the technician carrying out the waork was fully trained.

The one day of training allowed for by MIW A was adequate 1o allow the people operating the
equipment o baecome familiar with the eguipment and its normal operation but not to adequately train
them in detecting and dealing with issues that arose during the sampling.

Equipment was returnad to us in a poor condition with blocked scrubbers, collapsed tubing and
damaged thermocouples.
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4.2 In Field Work

« Houssholders appearsd to have problems using the electronic scales as intended - gither not
using them for every load or (in come cases) using them to weigh individual pieces of wood.
Communication with field staff in Taumaranui proved difficult.

High fugl moisture levels in Taumaranui meant that probes tend to block — this could be
avoided by using the heated probe system. This requires appropriate training and technical
competence for the staff operating the equipment.

« Some problems with the gas analyser were noted while the work in Rotorua was taking place
resulting in a request 1o check and recalibrate the sampler concerned. Problems with
transmitting the data files from Taumaranui to our laboratory meant that the bulk of the files
from Taumaranui were not checked unil after this work was completed. It would be helpful to
have staff on site who are able to assess the data on a daily basis and maintain the
equipment as required.

Suggestions for improvement

« Try and arrange the filter changeover for a fime when the fire is not running.
« Change the tubing close to the fire 10 a heat resistant matenal.

4.3 Household Data Record Sheets

Suggestions for improvement
« Have the householder complete one worksheats per run {rather than ong per day).
*  Have an AMPM column on the workshest.
«  Add column for the number of pieces of wood.
« Gt householder to enter data directly on to computer using suitable graphical user interface.

4.4 Analysis of Data

The particulate sampling and gas analysis functions of the portable sampler are separate. It was
clear from the data that the analysers were not functioning in a number of runs (particularly those
from Taumaranui). A typical value was used for the oxygen level in these runs and the Stack Dilution
Multiplier (3DM) was calculated accordingly. The value used was the average axygen for all valid
nns.

An analysis of weight data from the householder worksheets and electronic scales indicated that
nerther workshests nor glectronic scales captured all loadings. In some cases the fuel loaded was
not drawn from the wood baske? on the electronic scales, but was recorded on the worksheet while in
others it appeared the householder had forgotien to record load information on the worksheet. It
appears that the manual record captured more of the loadings. Our report 081798 gives maore
information ahout the measurement of fuel weight during these tests.

We note that the gfkg emissions figure obtained with the sampling system is not dependant on an
accurate measurement of the weight of wood bumed.

The ofhr figures are calculated by multiplying the gkg emissions rate by the fuel consumgtion rate
(ka'hr of dry fuel weight). The calculation requires the fuel moisture and the weight of fugl consumed
during the run to be known. The calculated values were hased an the fuel weights recorded by the
householder and the average fuel moistures determined with the electronic meter (except in cases
where the fuel moisture was too high to be determined using this method in which case the oven dry
values were used). The moisiure meter readings were used hecause these were based on a larger
zample size than the oven dried values.
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For moisture levels up 10 33% there is a good comrelation hetween the values obitained with the
moisture meter and those obtained by oven drying (see Figure 1)

Figure 1 Correlation between Moisture Levels Determined by Oven Drying and Moisture Meler
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The staff carrying out the work: mistakenly collected only two samples of wiood for moisture analysis
at most locations (the contract specified 4), however additional samples were sent to the lab where
the moisture content was variable or wood was drawn from more than one lot.

4.5 Planning
It wiould faciltate work of this type If planning and contract issues were resolved well in advance of

the commencement of work. In this case the entire contract was changed by MIWA two weeks prior
to commencement of work when planning was well advanced.

4.6 Contract Issues

We note that the contract supplied by NIWA contained a number of unacceptable clauses relating to
intellectual property and liahility issuss. NIWA attempted o enforce these by non-payment for
services rendered hefore ultimately removing or amending them after consultation with our lawyers. It
s our view that behaviour of this type is not appropnate for a Crown Ressarch Institute particularly
when acting as a conduit for government funding.

5.0 Di )
5.1 Robustness of Data

An estimate of measurement uncertainty for a single run is given in our Technical Bulletin 72 Yersion
MWW which is appended to the report. The uncertainty calculated for a typical run with an emissions
rate of 2.46 g/kg is 20.8%. The uncertainty increases as the emissions rate falls. For example the
same calculation carmied out for a run with an emissions rate of 0.4 gkg gives an uncertainty of
259.3%.

In addition to the measurement uncertainty there is an additional unceriainty associated with the
extent to which the average of a small number of runs approximates the average of a large number
of runs.
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Individual runs vary as the result in variations in fuel, operator hehaviour, and the progress of
combustion. Thesse are evenad out whean a large number of runs are averaged. This happens in
practice in the air-shed where many heaters are operated at any one tfime. The data abtained in this
study s a snapshot of 2 small number of heaters and a limited number of runs. The average
emissions rates obiained from this study are thus an approximation of the average over the whole
air-shed.

A measure of the run to run variability 1s obtained by calculating the standard deviation of emissions
values from a given household and expressing this as a percentage of the mean emissions value.
Yalues calculated for the households in the present study are tabulated below:

Run to Fun Yanability (as % of mean — see text for details)
Melson Rotorua Taumaranui
MA, 51 HA 54 TA 54
MB pas] RE 15 TE 41
M 12 RC 109 TC g2
ND a5 RD 61 TD 70
ME &0 RE a2 TE 76
MF 40 RF 40 TF 32
Imean 51 mean Lilt] mean i}

The overall mean is 57% Values below this indicate that the heater has been fuslled and operated in
a similar way on each day in a given housshold (more so than on average).

The variability figure can also be used 0 assess how close the average emissions figure is likely to
e to the true average (where the frue average is that taken over a very large number of runs).
There is a 95% certainty that the average of 20 runs will be within 21% of the true average. There is
a 95% certainty that the average of 90 runs with be within 12% of the true average.

Because of the hostile nature of the flue gases and the difficuliies expenenced by technicians
operating the samplers in Rotorua and Taumaranui the gas analysers failed for a number of runs in
Taumaranui and Rotorua. A typical value was usad for the oxygen level in these runs and the Stack
Dilution Multiplier (SDM) was calculated accordingly. The value used was the average oxygen for all
valid nuns.

This introduces an additional uncertainty for these runs. We note that the standard deviation for
ceoygen values is 1.6 %0:  and a variation of this magnitude resulis in a variation in the SDM of 25%
and hence a variation in emissions rates of 25% for individual runs. However because an average
value of cxygen has been used the effect should average out over a number of runs.

The sampling system gives emissions rates in gg independently of the measurement of wood
weight or moisture (see Technical Bulletin 72 Version WW1 for detalls). Howewver the calculation of
emissions rate in g/hr relies on knowledge of the weight and moisture content of the wood humed
(see section 4.4 of this report) and is correspondingly less reliable.

For whole air-shed calculations it may be more appropriate to obizin the weight of particulates
coniributed by a group of heaters by multiplying the relevant gfkg emission rate by a reasonzahle
estimate of the amount of wood being burned across the households.
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5.2 General Comments on Emissions Data

Melsan households generally bumed well seasoned (dry) wood, often in small pisces. Inone
household (MF) the heater had been modifisd by removal of firebricks which project into the firebox
and limit the fuel load in the heater concerned. This, combinad with slightly wetter wood resulted in
significantly higher emissions from this household.

Emissions results for Rotorua and Taumaranui households were significantly higher than those for
Melson. By averaging the emission rate and wood moisture values for all houssholds in a given town
and plotting the results a clear correlation between wood moisture and emissions rate emerges (see
Figure 2). Resulis for the user modified heater in Melson were not included. By averaging in this
way the effect of varizhility due to operator behaviour and heater type can be reduced.

Figure 2 “arigtion in Emission Rate with Wood Moisture
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A number of factors work together to determine the emissions result for 3 given run on a given
heater. Some key factors based on our experience testing wood fired heaters in laboratory and in
home situations are summarnsed in the table below.

Factor High Emissions Low Emissions
Wood moisiure High {=30%) Low (15— 18%)
Piece size Large Small

Mumber of pieces per load Few Many

Fuel resin content High Low

Firebox temperature Low High

Choygen Low High
Turbulence/mixing Low High

Time hetween reloads Lang Short

Temp at reload Low High

Heater type High Emission Low Emission
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Resulis for a given housshold can be relatively constant from run to run or can vary wildly depending
on how the much vanability there is in the key factors from ane run to the nexd.

Work by Wilton et al {Ref. 1) has given some information zhout the relative imporiance of some of
thess factors in determining emissions rates in studies of this ype

Interestingly, househoids buming comparatively wet wood in small pieces (TA} can achigve

comparatively low emissions rates while with those burning large pisces of wet wood (TC and TDY)
much higher emissions raies are obiizined.

5.3 Comments on Methodology

The comparaively high emissions rates obtained for some runs fall outside the range of emissions
rates over which the sampler has been validated (see Technical Bulletin 72 Version NW1). However,
given the similanty of the sampling sysiems used in the portable sampler to those used in the
Australian’ New Zealand standard we would expect the comelation to remain valid at higher
emissions rates. Particularty high emissions rates may cause the filters 1o become heavily loaded in
the portable samplers, at which time the sampler is designed to stop. This happened in oniy a few
runs in the present study

The portable emissions sampler uses 2 dilution methodology and we would expect the results to

correlate more clossly with those olitained with USERA Method 5G (dilution tunngl) than thoss
ohtained with Method 5H (direct stack with impingers).

Lo geierences

(1) Wilton E., Smith J., Day K. and Webley W_ (2006) Real life testing of woodburmer emissicns.
Clean Air and Environmental Quality 4004 43-47.
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Approved by W_ 2. Webley %

Release Date: 13 June 2008

Thiz report must not be reproduced except in full. Resultz are based on materials and information
supplied by the client. Applied Research Services Ltd shall not be liable in respect of any loss or
damage (including consequential loss or damage) resulting from use of reports prepared by them.
Results izzued in electronic form are subject to confirmation by izsue of a final written report.
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Appendix 1 Technical Bulletin 72 Revision NW1

APPLIED
' RESEARCH

SERVICES LIMITED
TECHNICAL BULLETIN 72 REWVISION NW1

Portable Emissions Sampler

1.0 Overview

This revision of technical bulletin 72 gives details of the equipment and methods used in the
measurements of pariculals emissions rates from wood fired heaters in Melson, Rotorua and
Taumaranui in the winter of 2007 which were carmed out under contract to the National Instiute of
Water and Atmospheric Research (NIWA)L

Copyright to this revision of Technical Bulletin 72 has been provided to MW A but only on the express
condition that NIVWA will not use all or any part of the Technical Bulletin or Uncerizinty Analysis for
the purposes of engaging any third party to provide services 1o NIWA or any other party, nar for the
purposes of MIVW A providing services to any other pany, and MNIWA will ensure that the provisions of
this clause will apply and will be observed by any third party to whom MIWA gives any rights by way
of license or atherwisa in the copyright to the Technical Bullstin andfor Uncertainty Analysis.

2.0 Principle of Operation

The sampler contains Wwo separate analysers: a pariculate sampler and a flue gas analyser. The
sampler is controfled by a computer which activates the sampling pump whenever the flue
temperature exceeds 100 °C and logs data whenever the pump is ranning.

Schematic diagrams of the two analysers are given in Figure 1 and the analysers are described
below. A photograph of the sampler in use is given in Figure 3.

{Continued..)

Applied Research Services Ltd, P.O. Box 687, Nelson, New Zealand
Technical Bulletin Number 72, Version NW1 15 February 2007 Page 1/8
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(Continued...)
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2.1 The Paticulate Sampler

The portable emissions sampler captures particulate emissions using a2 method basad on Oregon
Method 41 (OM41).

The sampling head includes a dilution system to dilute and cool the flug gas. This simulates the
dilution and cooling that occurs when flue gases mix with ambient air and results in condensation of
oily compounds such as poly-aromatic hydrocarbons which can then be captured on the filers.

In practice, flue gases are drawn into a manifold through the sample probe. Dilution air is also drawn
into the manifold through small holes inits face. The diluted gases are then drawn through two filters
which collect the particulate emissions.

The sampling head consists of a stainless steel diluion manifold (length 100 mm, intemal diameter
49 mm) fitted with two end caps. One end cap is fitted with a short probe with a glass insert. The
probe is inserted into the flue so that the inlet is near the flug center. Dilution air is admitted o the
manifold via 12 x 1 mm diameter hales in the face of the end cap. The sample is collected on two 47
mm glass fibre filters (Gelman Type AE Cat Mo 61631) mounted on two filter holders fitted to the
other end cap of the manifold.

Figure 2 _Schematic Of Sampling Head

FiRemns

Kanitald o Frabe

Torump - L -— ]

| Dilutlon Alr

Apart from the probe and manifiold assembly the sampling assembly is the same as used in ASNZIS
401273 As with MZ34013, two glass fibre filkers are usad to collect the pariculate materals.

2.2 The Gas Analyser

The flug gas composition is also measured and is used to calculate the total volume of gas which has
passed up the flue per kg of fuel burnt.

Flue gases are scrubbed and filtered hefore being passed to an electrochemical oxygen analyser.

Applied Research Services Ltd, P.O. Box 687, Nelson, New Zealand
Technical Bulletin Number 72, Version NW1 15 February 2007 Page 3/8
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Figure 3 Photograph of The Sampler Installed in Home
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2.0 Sample Calculations
Calculations follow the method set out in Ol41. Sl units have been used for clanty and calculations

have hesn st out in what we believe to be a more readily understood form. Calculations are based
on the values of flue temperature and flue oxygen level averaged over the run.

Particulate matier is collectad on filters which are weighed hefore and after the run. Filters are held in
a dessicator and weighed every 24 hours until constant weights are obtained. The deposit on the
filter is calculated from the differsnce in filler weights.

‘Weight before; 0.2236 g
Weight after: 0.2357 g
Filter deposit: 0.0121 g

The volume of diluted sample drawn through the filters is determined from the difference in dry gas
meter reading taken before and after the run

Gas meter before run: 123392 lires
Gas meter after run: 130024 litres
YWolume of diluted gas: 1632 lires

The dilution ratio is the ratio of volumes of the diluted gas stream to the undiluted gas stream. For the
runs carried out as part of the program to which this revision refers the dilution ratio was verified hy
comparing the results of 5 calibration runs carmied out with the samplers installed in 3 t2st rig
complying to the requirements of ASINZS 4012/3.

Dilution ratio: 13.0

The flow of flus gases into the sample probe is dependent on their viscosity. The viscosity varies
with their tiemperature in a known way — the viscosity varies as the square root of the absolute
temperature. OM41 corrects for this variation using the stack correction factor (STF). Values of the
STF at various temperatures are set out in the standard.

Flug Temperature: 258.57 C

STF per OM41: 0.7438

Actual Dilution Ratio for run: 17 .42

The volume of the undiluted sample drawn into the manifold via the sample probe is obtained by
dividing the volume of the diluted sample by the dilution ratio.

Yolume of undiluted samole: 93.38 lires

The concentration of particulates in the flue gas is obtained by dividing the weight of particulates
collected an the filter by the volume of the undiluted sample.

Particulate concentration: 0.0001234 gllitre

If encugh air is supplied to exacily consume the wood then the volume of flue gases generated per
kilogram of wood is hurned is fixed by the stoichiometry of the combustion reaction. Wood is
composed primarily of cellulose and its composition is relatively species independant.

Stoichiometric volume of dry flue gases per kg of wood: 5164 Iitref kg

Applied Research Services Ltd, P.O. Box 687, Nelson, New Zealand
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In real life, maore air is supplied for combustion than is actually required. This leads to the excess air
passing into the flue gases. As a resull, the volume of the flue gases is greater than it would be if
anly the stoichiometric amount of air was supplied. The proportion of excess air can he determined
by measuring the flue oxygen concentration and the actual volume of flue gases van then be
calcuiated. In OM41 this is done using the SDM tabulated for a given flue oxygen level

Flue cooygen level: 157
SOM per OM41: 3.68
Actual volume of dry flue gases per kg of wood: 18985 litres! kg

The emissions rate is obtained by multiphing the particulate concentration by the volumes of flue
gases per kg of wood.

Emissions Rate: 2 46 gfkg

Takle 1 gives estimated uncertainties for the sample calculations set out in Section 3

Tabie 1 Estimated Uncertainties

Valuss Eatimated
Unit Uncerainiy
absolute %

Weight of filier afier run 0.2357 | c 0.0od1

‘Weight of filier before run 0.2236 1 g 0.0001

Weight deposited on filier 00431 1 g 0.CC0 1.7
Gas meter after run 130022 || 0.5

Gas meter before mun 125352 | | 0.5

Volume of diluted sampls 1632 )| 1 0.1
Dilution Ratio 13.0 S0
Flug Temperaiure 258 1C 1

STF 744 | OM41 0008 0.5
Temp comacted difution ratio 17.48 5.8
Violume of undiluted sample 922811 58
eMissions concentration 001255 | gl .5
Steichiometnc velume of dry flue gases STEL | 1kg 5.0
Flue Choygen 15.71 .25

SOM 368 | OM41 0.30442 B3
Actual volume of flue gazes 18285 | kg 13.3
enlissons rate 248 | g'kg 208
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5.0 Differences from OM41
The methodology used here follows that in OM41 except that the dimensions of the sampling head

are different. The portable emissions sampler used in this study uses a samplng head incorporating
the same filter system as used in tests to ASINZS 4012/3.

6.0 Comparison of Results Obtained with AS/NZS 4012/3

Laboratory tests of wood burners for compliance o particulate emissions standards in New Zealand
are currently carried out according to methods set out in the joint Australian’ Mew Zealand standard
ASINZS 401213, The test involves capture of the entire gas stream exiting the flug which is then
passed to a dilufion tunnel where it is mixed with room air which provides dilution and cooling. The
pariiculate sample is drawn from the end of the dilution tunnel. Because the velocity of gas in the
dilution tunnel is more easily measured than that in the flug the amount of particulate generated is
relatively easily calculated.

During the comparative tests the portable emissions sampler was set up in the test room and run at
the same time as the laboratory test rig.

The graph below (Figure 2) shows the results of nineteen runs camied out on a range of heaters. OF
these seventesn (squares) were obtained during tests where fuelling was camied out in accordance
with the requirements of ASNZS 401273 and three (triangles) were carried out during five hour runs
and a “real life" fuslling regime in accordance with SMF Contract Application Mumber 2205, Results
are pariculate emissions in @/kg. The results show that a good correlation exists between resulis
ohtained with the two methods.
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7.0 Assumptions Inherent in OM41

«  The filier system collacts the all the parficulates in the sample. Deposition in the probe and
material passing the filters is insignificant.

« The 3TF and SDM factors comectly represent actual behaviour.

+  Calculations are based on STF and 30DM factors calculated for average values of flue cxygen
and flue temperature. It is assumed that these will correcily represent the actual behaviour.

+ |tiz assumed that the volume of dry flue gases per kg of wood consumed does not vary
significantly with fuel type.

The good comelation hetwesn resulis ohizined with the poriable emissions samplers and those
measured using ASMMNLS 4012/3 suggests that thess assumptions are valid.

This bullatin may not be reproduced except In full. While we have been caraful to engure the accuracy of the Information In this
bulletin wsers must warlty the accuracy, completensss and currency of the Information befors making any declelons baessd on It
Applled Research Sarvices Lid shall nof ba llable In respect of any lose or damags (Including consequaential loss or damage)
resulting from the use of bullsting prepared by them
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