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Summary

Since 1 January 2022, wood-burning stoves have had to comply with the requirements of
Annex IT of Regulation 2015/1185 implementing Directive 2009/125/EC, including emissions
of airborne particles. Wood-burning stoves that do not comply are banned from being sold on
the European market. At the request of the Dutch Human Environment and Transport Inspec-
torate [Inspectie Leefomgeving en Transport] (ILT), TNO carried out a comparison of the three
measurement methods included in the Regulation (heated filter and dilution tunnel with or
without electrostatic precipitator), based on results available from various validation and
comparison studies included in the Regulation. These measurement methods have their ori-
gins in a number of European countries (Austria-Germany, Norway, United Kingdom).

Measurement methods using a dilution tunnel produce higher measured particulate emission
values than methods using a heated filter in the flue gas outlet. The difference is largest in a
stove operating at its nominal load, where measurements using a dilution tunnel may be 8
times higher than with the heated filter method. This is attributed to more efficient formation
of gaseous condensables.

Although a heated filter method usually measures lower particulate emissions than a dilution
tunnel method, this does not directly make it easier to meet the requirements, as this factor
has been taken into account when setting the limit for particulate emissions. In around 40%
of cases, a stove does meet the requirements when tested with one method (heated filter or
dilution tunnel), but not when the other method is used. Neither of the two methods appears
to be more advantageous: the distribution of favourable results between the two methods is
about 50-50. The choice of whether or not to use a nominal load also has little impact on this
distribution.

A comparison between methods using a dilution tunnel with or without an electrostatic pre-
cipitator gives a similar picture, although here the method without a precipitator appears to
produce slightly more favourable results.

For all three measurement methods, when the test is repeated, the deviation in the measured
emissions exceeds 20% on average. This is a significant measurement uncertainty, which is
higher than generally accepted. The dilution tunnel method appears to show slightly less de-
viation on repetition than the heated filter method. A similar deviation is seen when the tests
are reproduced in another lab, indicating that the measurement uncertainty is mainly deter-
mined by the choice of test conditions and/or fuel characteristics. Within the heated filter
method, the EN-PME variant seems to have slightly better reproducibility than the DINplus
variant.

Control tests of stoves by external laboratories show that in 80% of cases, the particulate
emission value is higher than the value specified by the manufacturer, which may indicate
selection of the most favourable outcome, with associated consequences for an assessment
of the measured particulate emission value against the requirement for particulate emissions
in the EU Regulation.

In conclusion, the three measurement methods are poorly reproducible and poorly compara-
ble, as regards the measured particulate values as well as for a conformity assessment. Har-
monisation is needed and could possibly improve this situation, but the test conditions must
be very precise.

Visible features of wood-burning stoves do potentially provide guidance for inspections, in or-
der to estimate quickly whether emissions are expected to be high. Typical indicators are a
high air surplus, an excessively high chimney temperature, and insufficient provisions to ena-
ble secondary combustion.
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1. Introduction

In the Netherlands, the ILT is the regulator of the Ecodesign Directive 2009/125 and underly-
ing Regulation (EU) 2015/1185% on the ecological design of local space heating appliances
using solid fuels. Since 1 January 2022, wood-burning stoves have had to comply with the
energy efficiency and emission requirements of Annex II of the Regulation. This means that
wood-burning stoves that fail to comply may not be placed on the European market. The ILT
has the power to ban products from the market.

To determine whether a product complies with the Ecodesign requirements, the ILT investi-
gates the technical files and tests products where necessary. The ILT, having regard to Annex
IV (point 7) in conjunction with Annex III of the Regulation, has tests carried out in accordance
with the methods set out in the Regulation and for which the standards to be used are spec-
ified in Commission Communication (2017/C 076/02) (transition method). In doing so, the ILT
follows the procedure set out in Annex IV and the tolerance limits allowed therein.

The Regulation includes 3 measurement methods for particulate matter. In addition, a har-
monised standard has been established under the Construction Products Regulation (CPR),
which also includes a measurement method for PM emissions. For Ecodesign, manufacturers
are not obliged to follow the new harmonised standard that came into force under the CPR
and can also still use the 3 measurement methods from the Regulation. However, there are
signs that outcomes can vary enormously from one measurement methed to another. With
this desk study, the ILT wants to gain insight into the differences between these 3 measure-
ment methods and the new harmonised standard, their impact on the Dutch stove market,
and the urgency of - and opportunities for - intervention (does it concern specifically stoves
from certain countries, can they be recognised, what tests do Dutch manufacturers use, etc.).

1.1 Aim of this study

The study, the results of which are described in this report, focused on answering, in the best
and most substantiated way possible, a number of specific questions from the ILT that con-
centrate on a substantive assessment of the measurement methods (questions 1-3) and
providing a glimpse of the market (questions 4-6):

1) How do the results of the measurements with regard to particulate matter emissions
(and possibly also energy efficiency) compare for the different measurement meth-
ods?

2) Are the deviations expected to be within the tolerances as listed in Table 4 of Annex
IV of Regulation 2015/1185?

3) What ambiguities/differences in interpretation exist that may lead to laboratories per-
forming the tests differently?

4)  Which measurement methods are used by Dutch manufacturers; which are even
more common within the EU?

5) Are there any visible features of wood-burning stoves that increase the likelihood of
the efficiency requirements not being met (e.g., air circulation)?

Thttps://eur-lex.europa.eu/legal-content/NL/TXT/PDF/?uri=CELEX:02015R1185-20170109

2 The Construction Products Regulation CPR 305/2011 also applies to wood-burning stoves with the harmonised standard NEN-EN
16510-2-1:2023, which replaced the harmonised standard EN 13240 in 2023. There is currently a transitional situation in which both
standards may be used for assessment for CPR 305/2011.
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6) What is a rough indication of how the share of Dutch- and EU-manufactured stoves
compares to imported stoves from non-EU countries?

To assess the measurement methods (questions 1-3), the various methods were examined
and a written estimate was made of the expected differences between them, based on the
tolerances specified in Annex IV of the Regulation. Also, possible differences in interpretation
between the protocols were identified, that could lead to different results. In addition, visible
features of stoves that increase the likelihood of the efficiency requirements not being met
were searched for (question 5).

Based on previous studies and some investigative work, TNO was able to give a general an-
swer to the question of which measurement methods are common within the EU and which
of them give the highest results (question 4). TNO currently has no information on how the
share of Dutch- and EU-manufactured stoves compares to that of imported stoves from non-
EU countries, but made a preliminary inquiry of this (question 6).

1.2 Distribution of questions across the chapters

Chapter 2 formulates the answers to questions 1-3. It takes stock of how the measurement
methods compare in terms of particulate emissions and then considers the extent to which
deviations in particulate emissions fall within the tolerances specified and how various devia-
tions arise. Are the tolerances a result of ambiguities/differences in interpretation or are they
inherent in differences in the nature of the measurement methods?

Chapter 3 provides additional inquiries of the measurement methods used by Dutch manu-
facturers and in the EU, and of the shares of stoves imported from inside and outside the EU
(questions 4 and 6). There is also a brief inventory of visible features of wood-burning stoves
that one can take note of during an inspection to estimate whether the stoves comply with
the requirements (question 5).

At the end of both chapters, there is a brief summary of the main conclusions.
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2. Comparison of
measurement methods

Since 1 January 2022, wood-burning stoves have had to comply with the requirements in
Annex II of the Regulation implementing Directive 2009/125/EC (hereinafter "the Regulac-
tion"). This annex prescribes a number of stove design requirements relating to seasonal en-
ergy efficiency, emissions of particulates, organic compounds, CO, and NOy, and a number of
product information requirements. Wood-burning stoves that fail to meet these requirements
are banned from the European market. For the Netherlands, the ILT monitors compliance with
these requirements.

The ILT checks the technical files of stoves on the Dutch market and, if necessary, has the
stoves tested against CEN measurement standards included in the Regulation and further
specified in Commission Communication 2017/C 076/02. The Regulation allows three different
measurement methods for testing stoves for particulate emissions, only one of which has to
be used. Because the manner of sampling, and therefore the expected measurement value,
differs greatly between these methods, each measurement method has its own emission limit
value that must be met. In addition, EN 16510-2-1:2023 has been established as a harmo-
nised standard, but at least for the coming period, the 3 standards from the Regulation may
still be used.

This chapter will compare the three measurement methods from the Regulation with regard
to differences in results in relation to compliance with the requirements for particulate emis-
sions. Tt will specifically consider the expectation that deviations due to the method remain
within the prescribed tolerances and possible ambiguities/interpretation differences that may
lead to laboratories performing tests differently.

2.1 Description of the measurement methods

The three different measurement methods compared in this study are®

1. PM measurement by sampling of a partially dry sample of the flue gas over a heated
filter. The PM measurement in the combustion products of the appliance is made
while the product is delivering its nominal heat output and, if appropriate, at partial
load.

2. PM measurement by sampling, over the full combustion cycle, of a partial sample of
the flue gas, using natural draught, from the diluted flue gas using a full-flow dilution
tunnel and a filter at ambient temperature.

3. PMmeasurement by sampling, over a period of 30 minutes, of a partial sample of the
flue gas, using a fixed draught of 12 Pa, from the diluted flue gas using a full-flow
dilution tunnel and a filter at ambient temperature or an electrostatic precipitator.

The main difference between the methods is in the manner of sampling. The first method
uses a heated filter and the other two methods use a full-flow dilution tunnel and a filter at
ambient temperature or an electrostatic precipitator (option for method 3). The main differ-
ences between these two types of sampling are detailed below.

? As given in the Regulation (EU) 2015/1185.

) TNO Public 8134
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2.1.1 Measurements with heated filter (method 1)

Primary particulate matter from wood combustion consists of particles with a non-volatile
core of elemental and organically bound carbon, surrounded by a semi-volatile condensed
layer exclusively of organically bound carbon*+ This layer forms later in the combustion pro-
cess, when the flue gas cools and the semi-volatile material condenses on the pre-existing
particles.

The idea behind the use of a heated filter to sample particulate matter in the flue gas is to
wholly or partially prevent this organic layer from forming around the non-volatile particle
core, by keeping the temperature so high that much of the semi-volatile material remains in
the gas phase and is not captured by the filter. The main reason for doing this is to increase
the reproducibility of the measurement method. The filter temperature has a major influence,
as the higher this temperature is, the less semi-volatile material will condense. In industry, a
temperature of 300°C is common, but in wood-burning stoves, the filter temperature is often
much lower (as low as 70°C, for example), so proportionally, a significant amount of semi-
volatile material will still be condensed and captured by the heated filter.

2.1.2 Measurements with a dilution tunnel (methods 2
and 3)

The idea behind using a dilution tunnel before sampling particulate matter in flue gases is to
simulate what happens when the flue gas stream cools to ambient temperature and
disperses into the outside air. The cooling process and dilution happen simultaneously in a
dilution tunnel. Due to the lower temperature, the particulate mass will increase compared to
when a heated filter is used because semi-volatile material is more likely to condense on
particles that are already present. With complete cooling and low dilution factors (e.g., < 10),
it is even possible that additional semi-volatile material may condense, which in actual
practice would evaporate into the outside air. For this reason, it is advisable to use @
sufficiently high dilution factor (> 100).

2.1.3 Measurements with electrostatic precipitator
(option for method 3)

Sampling flue gas with an electrostatic precipitator (ESP) is an alternative to using a filter
(heated or unheated) to collect particulate matter in the flue gas from combustion processes.
The concept of an electrostatic precipitator relies on the use of electrostatic forces to remove
particles from the gas. Using an electrostatic precipitator for flue gas measurement brings
benefits, including the ability to collect small particles effectively and handle a wide range of
particle sizes. However, the method requires accurate calibration and maintenance to ensure
reliable measurements.

2.1.4 Comparison of heated filter and dilution tunnel

Because of the difference in the amount of condensed material sampled, a dilution tunnel is
therefore likely to measure more particulate matter than a heated filter. At first glance, using
a dilution tunnel also appears considerably more complicated than sampling with a heated

“ for example PAHs, organic compounds containing carbon and hydrogen that are produced during incomplete combustion of wood,
or volatile organic compounds (VOCs) that are also released during wood combustion, such as benzene, toluene, and formaldehyde.
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filter, but a dilution tunnel does give a better picture of the actual emissicns, as condensed
material is a significant part of the particulate matter emitted during wood combustion. It
should be noted, however, that sampling with a filter heated only to a relatively low temper-
ature, such as 70°C instead of 180°C, will also result in a significant amount of condensed
material, reducing the difference between the metheds. And the difference increases when a
low dilution is used in the dilution tunnel. Further general information on the differences be-
tween the two measurement methods can be found in [Nussbauer et al. 2010]. In Figure 2.1,
the difference in sampling locations between the two methods is explained in a graphic.

$=200 mm
T
-
= -
= o
= =
: +
EN-PME
g \ | PM FFDT |
g of o] LT
A
co,/co/o, \I l
T
p (draft) L 4|
$=200 mm

SCALE

Figure 2.1: The difference in test design between the heated filter method (EN-PME), with particulate
measurement in the flue gas outlet, and the dilution tunnel method (PM FFDT), in which particulates are
measured in diluted flue gas.

2.1.5 Harmonising the test methods

The three measurement methods from the Regulation (see Commission Communication) are
described in detail in the technical specifications EN 16510-1:2023, G.2 (heated filter), and
CEN-TS 15883:2009 (dilution tunnel, Annexes A.2 and A.3). The differences between these
methods give rise to inequalities in the performance assessment of wood-burning stoves by
producers, authorities, and end users alike. In addition, wood-burning stoves are also subject
to the Construction Products Regulation (CPR) 305/2011 with the harmonised standard EN
13240, which creates further ambiguity.

Under the CPR, EN 16510-2-1:2023 has recently emerged as a harmonised standard to re-
place EN 13240. This describes a test method (EN-PME, see Figure 2.1) for measuring PM emis-
sions, which refers to and is very similar to EN 16510-1, the heated filter method from the
Regulation.
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Table 2.1 compares the main characteristics of the three methods from the EU Regulation

and the CPR.

Table 2.1: Main characteristics of the various test methods used in Europe and the requirements for PM
emissions in EU Regulation 2015/1185 [Krpec K., 2023].

Method from CPR 1 - heated filter 2 - dilution tunnel 3 - dilution tunnel
EU (opt. with electro-
Requlation static precipitator)
Standard EN 16510-2-1:2023  [EN 13240 + DINplus + [CEN/TS 15883:2009 [CEN/TS 15883:2009

measurement method

EN 16510-1:2013, Annex A.2 Annex A.3
EN 16510-1:2022,6.3.1(G.2
and 6.3.5 NS 3058 / NS 3059
EN-PME
EN-PME PM FFDT PM FFDT
Country of origin of EU EU (Germany/Austria) Norway LUnited Kingdom

Number of
measurements

3 measurements at
nominal and partial
heat output (as speci-
fied by
manufacturer)

3 measurements at
nominal heat output

single measure-
ments at 4 different
lcombustion rates

5 measurements at
3 combustion rates +
improper use (in ac-
lcordance with BS
3841)

Combustion cycle

full combustion cycle
(without ignition)

30 minutes, after 3
minutes for ignition

full combustion cycle
(without ignition)

30 minutes, after 3
minutes for ignition

of the heat output de-
fined by the manufac-
turer

of the heat output de-
fined by the manufac-
turer

Fuel Mainly hardwood Mainly hardwood Air-dried spruce Firewood
(beech, birch, horn- (beech, birch, horn-
beam) beam)

Fuel mass Calculated on the basis|Calculated on the basis112 + 11 kg/m?, 3

based on the total
olume of the com-
bustion chamber

Moisture content

15 +/-3%

16 +/- 4%

16-20%

20%

Flue gas draught

Controlled at 12 Pa
(nominal heat output)
land minimal at 6 Pa
(partial heat output)

Controlled at 12 Pa

Natural flue gas
draught

Controlled at 12 Pa

PM measurement

EN-PME method, in the
flue - over heated filter
(180°C)

DIN+ method, in the
flue - over heated filter
(70°C)

[sokinetic - in a dilu-
tion tunnel - filter
temperature < 35°C

Electrostatic precipi-
tator & optical smoke
measurement at end
of flue or filter
method in dilution
tunnel (in accord-
lance with BS 3841)

Filter treatment

180 °C for 1 hour

105 °C for 1 hour

room temperature
for 24 hours

Requirements for PM emissions and tolerance (at 13% 0.) in accordance with EU Regulation 2015/1185

) TNO Public

Wood %0 (+20) mg/ m?3 40 (+20) mg/m? 5 (+1) g/kg 2.4 (+0.8) g/kg
20 (+10) mg/ m? 20 (+10) mg/m? 2.5 (+1) g/kg
Pellets 1.2 (+0.8) g/kg
Solid fossil fuels 40 (+20) mg/ m? 40 (+20) mg/m? 5 (+1) g/kg 5 (+0.8) g/kg
11/34



) TNO Public) TNO 2024 R12760

2.2 Comparing outcomes of the methods

Some major validation and comparison studies have been carried out since 2016, including a
study on the correlation between the various test methods for particulate matter emissions:

1. DTI - Validation study conducted by the Danish Technological Institute (DTI) as part
of the EU IMPRESS 2 project [EU project IMPRESS 2], comparing a newly developed
dilution system for flue gas measurements with the heated filter method and the
regular dilution tunnel method, using a series of particulate measurements of a
wood-burning stove and a pellet stove

2. TFZ - Comparison studies conducted by Germany’s Technology and Support Centre
(TFZ)*sas part of the TEA Bioenergy technological collaboration programme and the
EU UltraLowDust project, comparing different particulate matter measurement
methods and studying the influence of various parameters on the concentration of
particulate matter [EU project UltraLowDust; Schon, C. et al.,, 2015; Bachmaier, H.,
2016; Schon, C. et al,, 2018; Schon, C., 2023; Schon, C. et al., 2022]

3. VSB-Comparison study conducted by the Czech Technical University of Ostrava (VSB)
as part of the EU Real-LIFE Emissions project, comparing the EN-PME heated filter
method with the dilution tunnel method, using a series of particulate measurements
of various wood-burning stoves [Kubesa, P., 2022]

4, RISE - Comparison study conducted by the Swedish research institute RISE Fire Re-
search AS and Norway’s SINTEF Energy Research® comparing the heated filter
method with the dilution tunnel method on 8 stoves under different conditions (in-
cluding heat output, burning rate, and fuel type) [Kausch, F. et al,, 2021; Seljeskog, M.
etal, 2015].

5. Ricardo - Comparison study conducted by UK research institute Ricardo Energy & En-
vironment’, comparing the heated filter method, the dilution tunnel method, and the
electrostatic precipitator method on 7 heaters with nominal and low load [Stewart,
S., 20171

In the above studies, simultaneous particulate measurements were made, both directly in the
flue gas outlet and in the dilution tunnel connected to the outlet in question. To determine
particulate emissions, the mass of dust on the filter or precipitator is weighed before and after
measurement. For the dilution tunnel method, this mass is also corrected for the dilution ap-
plied in the tunnel.

To compare the various methods, it is important that particulate emissions are expressed in
the same unit. Traditionally, and as included in the EU Regulation, the results of dilution tunnel
methods, with filter or electrostatic precipitator, are expressed in grams of particulate matter
per kg of wood burned (g/kg). However, the results of the heated filter method are expressed
in mg of particulate matter per cubic metre of circulated air (mg/m3). This often complicates
any direct comparison of methods.

Some comparison studies have therefore expressed particulate emissions in multiple units
(both mg/m3 and g/kg), but not all studies have done so. And sometimes, the particulate

* Status of PM emission measurement methods and new developments.
¢ Comparison of test method EN 16510-1:2018 with EN-PME test method vs NS 3058-1/2:1994 and NS 3059:1994
7 Assessment of particulate emissions from wood log and wood pellet heating appliances.
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matter emissions of the different methods are also expressed in another unit: mg of particu-
late matter per GigaJoule (GJ) of energy input, based on the calorific value of the wood tested.

2.2.1 Comparison of emission values measured
(question 1)

In all studies, measurements in the flue gas outlet (undiluted flue gas) were made using the
heated filter method, but two different protocols were applied. RISE, TFZ, and VSB used the
EN-PME method, in which the filter is heated to 180°C, while Ricardo used the DINplus method,
in which a milder heating of 70°C was applied. For DTI's measurement campaign, it is not
known which measurement protocol was applied. Measurements in the dilution tunnel of the
diluted flue gas were made in the same way in all studies: isokinetic sampling® at a filter tem-
perature of 30-40°C.

It is also the case that after the measurements have been made, the filter treatment also
differs  between the heated filter and dilution tunnel methods (see
Table 2.1). For example, in the EN-PME and DINplus methods, the filter is dried for one hour at
180°C (EN-PME) or at 105°C (DINplus), while in the dilution tunnel method, the filter is placed
in the desiccator for 24 hours.

10000

VSB \
-
TFZ e

2 ol 97 v=146x
= Ricardo R?=0,98
£ 1000 -
@
=
=
2
=
9
3 100
o

10

10 100 1000 10000

Heated filter (mg/m3)

Figure 2.2: Correlation between the heated filter method and the dilution tunnel method, in mg/m?, based
on comparison measurements made by the research institutes VSB, TFZ, DTI, and Ricardo. The solid line
shows the situation in which the same particulate emissions would be measured using both methods. For
Ricardo’s particulate values, ‘error bars’ are given based on the spread of 5 individual measurements.

The difference in temperature during measurement and during filter treatment are the main
reasons for the difference in particulate matter emissions between the heated filter method
and the dilution tunnel method: the lower temperature in the dilution system results in more
condensation and additional formation of secondary organic matter, and the drying of filters
at a higher temperature results in the volatilisation of semi-volatile compounds in the partic-
ulate matter.

8 In isokinetic sampling, particles are collected from the air at a rate proportional to their concentration, regardless of the air velocity
or the size or weight of the particles. The aim here is to obtain representative samples of airborne particles.
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As shown in Figure 2.2, this means that the dilution tunnel method measures higher particu-
late emissions than the heated filter method. Despite the higher particulate emissions meas-
ured for the dilution tunnel method (approx. 46% higher), the correlation between the values
in mg/m?3 found for the heated filter methed and the dilution tunnel method is good (R? =
0.98). This is especially so when one takes account of the fact that the measurements were
made by four different research institutes with different stoves and under different conditions
(heat output, combustion cycle, type and moisture content of wood, etc.).

However, for low particulate emissions (< 50-100 mg/m3), the difference between the two
methods appears to become increasingly large and there is a greater spread in the measure-
ments. This is relevant, as the Ecodesign PM emission requirement is 40 mg/m?, so all good
stoves must fall within this relatively low emission range.

1000
g, 100
]
= @
2
=
j=]
5 10
=
® RISE - EN-PME (180°C)
® Ricardo - DIN+ (70°C)
1

1 10 100 1000
Heated filter (g/GlJ)

Figure 2.3: Correlation between the heated filter method and the dilution tunnel method in g/GJ, based on 2
data sets: RISE (EN-PME method with heated filter at 180°C) and Ricardo (DINplus method with heated filter
at 70°C). The solid line shows the situation in which the same particulate emissions would be measured
using both methods.

The larger deviation between the two methods at lower particulate emissions is easier to see
in Figure 2.3, in which the individual measurement results of the Ricardo and RISE comparison
studies are shown in g/GJ. Here, measurements were made in accordance with the official
test methods as referred to in the EU Regulation. The measurements with the dilution tunnel
were made in accordance with NS-3058 and the measurements with the heated filter were
made in accordance with EN 13240 with two different protocols for post-sampling processing:
the DINplus method (Ricardo), in which the filter was heated to 70°C, and the EN-PME method
(RISE), in which the filter was heated to 180°C.

For emission values in Figure 2.3, in which the heated filter method produces results below
100 g/GJ, the dilution tunnel produces values that can be several tens of g/GJ higher. It is likely
that the larger deviation between methods at lower particulate emissions is related to better
combustion conditions and their effect on the formation of secondary organic particles from
organic gaseous components (OGC). This is supported by dilution tunnel measurements from
TFZ, as part of the EU UltraLowDust project. At high concentrations of OGC, a linear relation-
ship is found with the concentration of particulate matter. However, at progressively decreas-
ing concentrations of OGC, no clear reduction in particulate matter emissions is seen.

) TNO Public 14/34



) TNO Public) TNO 2024 R12760

It is also noticeable in Figure 2.3 that the measurement values of the EN-PME and DINplus
post-processing methods overlap, indicating that both methods give similar results for partic-
ulate matter (and thus that the difference in heating temperature after sampling makes little
difference). This is in line with the comparison tests carried out by the research institutes TFZ
and VSB (see Figure 2.7).

In Table 2.2 and Table2.3, the results of the comparison measurements carried out by RISE,
Ricardo, and DTI are summarised. Here, the arithmetic means (AM), geometric means (GM),
and median values (middle value of a data set) of the particulate measurements from the
various tests are given. The arithmetic mean is more affected by outliers (extremely high or
low values). The geometric mean takes more account of values that are measured most often
and shows greater similarity to the median value in this respect. Here, the test results, where
known, are expressed in the different units in use (mg/m3, g/kg, g/GJ) to give a better impres-
sion of the interrelationships between the three measurement methods.

The data in Table 2.2 and Table2.3 show that the AM values are generally slightly higher than
the GM values, but they are still fairly similar, which means that the measurement data con-
tain no high outliers. There is one exception to this: the measurement data from the heated
filter method in Ricardo's tests. Here, the AM is more than twice as high as the GM, which
means that a single high particulate concentration was measured. This can also be seen in
the high standard deviation, which is a measure of the spread in measured values. It is also
shown that the dilution tunnel method with filter measures the highest particulate matter
concentrations. These are 3 - 8 times higher than with the heated filter method and 1.5 - 2
times higher than with the electrostatic precipitator method.
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Table 2.2: Comparison of PM emissions in mg/m?, g/kg, and g/GJ measured using three measurement
methods under different conditions, based on RISE data sets

Conditions Heated filter Dilution tunnel Tunnel and
electrostatic
precipitator

mg/m?® | g/GJ g/kg g/GJ g/kg g/GJ

RISE tests in AM 26£17 |16+10 [3.2+0.7 |{109+29 |- -

accordance with NS

3058 / EN-PME GM 17 13 3.2 105 - -

method / spruce

wood / 5 stoves / median 23 15 3.5 115 - -

natural draught /17

measurements

RISE tests in AM 80+51 |46%£28 |35+24 |129+83 |- -

accordance with

EN16510/ 2 stoves |GM 74 40 3.2 110 - -

/12 Pa / birch wood _

/ optimal, realistic, | Median 68 37 2.3 78 - -

‘1’2‘1 high load / AM optimal load | 48 26 2.7 95

measurements
AM realistic 99 55 3.7 129
load
AM high 131 72 3.9 135
load

RISE tests in AM 37 £39 33+35 23120 |114+101]- -

accordance with NS

3058 and EN 13240 | GM 23 21 1.3 90 - -

DIN+ / birch and .

spruce wood/ burn median 22 20 1.7 86 - -

rate 1.2- 4.0 kg/h /' g cic 47 42 28 41

nqmmol load+30 load

minutes AM nominal | 12 11 10 52

Fealistic ool [lo0d

realistic

combustion cycle / AM spruce 43 38 2.8 138

23 measurements  Paghirch 28 25 17 83

Table 2.3: Comparison of PM emissions in mg/m?, g/kg, and g/GJ measured using three measurement methods
under different conditions, based on Ricardo, and DTI data sets.

Conditions Heated filter Dilution tunnel Tunnel and
electrostatic
precipitator

mg/m3 g/GJ g/kg g/GJ g/kg g/GJ

Testing Ricardo in AM 96 +214 |71£166 |83+6.0 |138+98 |49+3.1 |80+51

accordance with

EN13240-DIN+, GM 45 29 7.0 116 3.8 63

NS3058, and BS -

3841 / 6 stoves — median 38 26 6.5 108 4.3 72

2x5 measurements -

per stove / 130/0 02 (Aol\(/]ldnomlnol 56 42 6.8 112 4.8 79

ﬁ;ﬂqblf]gﬂtgg'jsl o/ ., [AMlowlood | 135 100 9.9 163 50 82

load

Testing DTIin AM 11+7 22%0.7

accordance with

EN13240-DIN+and |GM 9 2.1

NS3058 /13 -

measurements median 11 2.1
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With the wood-burning stove at nominal (optimal) load, the lowest particulate concentrations
are measured for all methods, but the difference between the heated filter method and dilu-
tion tunnel method is the highest. The difference between the two methods becomes ever
smaller, the more the stove is loaded. With the stoves at low (partial) load, the difference
between the two methods also decreases. This is relevant because the tests for Ecodesign are
carried out at nominal load, where the difference is therefore the greatest.

Finally, it appears that spruce wood produces higher (approx. 50-60%) particulate emissions
than birch wood. European standards EN 13240 and EN 16510 prescribe hardwoods, including
birch, while Norwegian standard NS 3058 uses spruce.

2.2.2 Comparison with PM limits and tolerances
(question 2)

Effect of measurement method on test result

Despite the fact that the heated filter method measures lower particulate emissions than the
dilution tunnel method, no statement can yet be made based on this comparison as to
whether stoves using the one method or the other are more likely to meet the requirements.
To achieve this, the results must also be compared with the particulate emission requirements
associated with the standard, as included in the EU Regulation.

In Figure 2.4, the measurement data from Ricardo and RISE are plotted again in a correlation
diagram, with the data for the heated filter method expressed in mg/m? and the data for the
dilution tunnel method expressed in g/kg. In addition, measurements from DTI made as part
of the EU IMPRESS 2 project [EU project IMPRESS 2] were included. The measurement data are
divided into 4 categories indicated by different colours:
green - both measurement methods give a test result that meets the requirement for partic-
ulate emissions (this is 40 mg/m3 for the heated filter method and 5 g/kg for the dilution tun-
nel method).
red - both measurement methods give a test result that does not meet the requirement for
particulate emissions.

- only the heated filter method gives a test result that does not meet the requirement
for particulate emissions.

- only the dilution tunnel method gives a test result that does not meet the require-
ment for particulate emissions.
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Figure 2.4: Correlation between the heated filter method and the dilution tunnel method based on 2 data
sets: RISE (EN-PME method with heated filter at 180°C, circled in black) and Ricardo (DINplus method with
heated filter at 70°C), comparing the data with the requirements for PM emissions (40 mg/m? for the heated
filter method and 5 g/kg for the dilution tunnel method). The percentages indicate the proportion of
measurements that fall within these criteria.

The results in Figure 2.4 show that for 63% of the measurements (43% < requirement and
20% > requirement), both methods would produce the same test result. For 20% of the meas-
urements, only the heated filter method gives a negative result and for 18% of the measure-
ments, only the dilution tunnel method gives a negative result. The total percentage where
the test results of the two methods do not correspond (38%) is thus relatively high and the
methods cannot be properly compared. However, it is not the case that one of the methods
results in compliance more often than the other.

Based on the results in Table 2.2 & Table 2.3, it was also found that the difference between
the heated filter method and dilution tunnel method is highest with the wood-burning stove
at nominal (optimal) load. For this reason, the particulate values of the wood-burning stove
at nominal load were additionally selected from all measurement data in Figure 2.4. These
show that in 56% of the measurements, the heated filter and the dilution tunnel method
produce the same test result. In 22% of the measurements, only the heated filter method
produces a negative result, and in 22% of the measurements, only the dilution tunnel method
produces a negative result. This is similar to the results based on all measurement data, which
include low, nominal, and high load. The choice of nominal load therefore has no obvious
influence on which method more often has a favourable result.

In addition to the above comparison, in Figure 2.5, the dilution tunnel method with filter
(method 2) was also compared with the one using an electrostatic precipitator (method 3)
based on Ricardo's measurements. Here, the same approach was followed as for the com-
parison with the heated filter method, with the measurement results of the dilution tunnel
method with filter being tested against the 5 g/kg requirement and the measurement results
of the method with an electrostatic precipitator being tested against the requirement of 2.5
g/kg. This comparison also shows that for the majority of the measurements (70%), both
methods would produce the same test result, but that a negative test result is found much
more often when using the electrostatic precipitator (26%) than the dilution tunnel with filter
(4%). Using a dilution tunnel method with filter (method 2) would therefore be relatively more
advantageous in this case.
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Figure 2.5: Correlation between the dilution tunnel method with filter and with electrostatic precipitator
based on Ricardo's data set, comparing the data with the requirement for PM emissions (5 g/kg for the
method with filter and 2.5 g/kg for the method with electrostatic precipitator). The solid line shows the
situation in which the same particulate emissions would be measured using both methods.

Effect of measurement method on reproducibility

Based on the comparison tests of RISE, Ricardo, and TFZ, in which multiple individual meas-
urements were made per stove including test conditions, repeatability was determined for
the three measurement methods. Repeatability represents the spread in individual measure-
ment results where the test was repeated with the same stove and under identical test con-
ditions. The measure of repeatability is the coefficient of variation (relative standard
deviation), expressed as a percentage. The higher the percentage, the greater the spread be-
tween measurement results and the greater the measurement uncertainty.

In addition to repeatability tests, several measurement campaigns were organised in which
the same stoves were measured under the same test conditions by different test laboratories.
Based on the measurement results, the inter-laboratory reproducibility, which represents
the spread between measurement results of the participating laboratories, was determined.
Table 2.4 gives the coefficients of variation (CV %) found in these two types of test. If known,
both the average and (in brackets) the minimum and maximum coefficient of variation are
given for multiple stoves and test conditions.

As a performance requirement for the repeatability of an analytical or testing method, 20% is
often used. Therefore, for some of Ricardo's repeatability tests, the percentage of tests (stove
+ test conditions) with a coefficient of variation greater than 20%, referred to as "repeatabil-
ity", is also given. The results in Table 2.4 show that the coefficient of variation of all three
particulate measurement methods is generally (in 9 - 85% of cases) higher than this 20%,
which means that all three measurement methods are associated with high measurement
uncertainty. The dilution tunnel method appears to have slightly better repeatability than the
heated filter method. The method with electrostatic precipitator (method 3) has similar re-
peatability to the dilution tunnel method with filter (method 2).
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Table 2.4: The repeatability and inter-laboratory reproducibility of the three different particulate matter meas-
urement methods, based on data from TFZ, RISE, and Ricardo.

Study Number and type of |Measurement Heated filter  |Dilution tunnel Electrostatic
stoves protocol precipitator
Repeatability - coefficient of variation CV (%)
RISE [Kausch, 8 wood-burning ) o o .
F.etal, 2021] stoves EN-PME 36% 30%
Ricardo [Stewart, 40 (13-111) oo fo
S, 2017] 6 stoves DIN+ % 20 (1-50) % |29 (2-64) %
5wood-burning | P2 U8 197 150y (30 (16-64) %
0, 0, 0 0,
stoves 85% CV>20% 50% CV>20% [85% CV>20%
unknown unknown 27 (6-53) % |32(9-57) % [25(9-38) %
50% CV>20% |75% CV>20% [65% CV>20%
TFZ [Bachmaier, H. |9 wood-burning a0
2016] stoves DIN* 9B-13)%
Interlaboratory reproducibility - coefficient of variation CV (%)
TFZ [Bachmaier, H. [Pellet stoves » 270
2016] (7 test labs) beReal 32-37%
prEN16510 - 500
DIN+ 9-20%
Wood-burning stoves |PeReal 29-43%
1)
prEN16510 - B
(7 test labs) DIN< 29-44%
. 2 wood-burning
5'Ccz’gdlc’7][5tewmt' stoves » DIN+ 61% 45%
N (2 test labs)
) 1 pellet stove » ) 2797)9
DTI [IMPRESS-2] (7 test labs) EN-PME 16 (6-22) %
1 wood-burning
stove ¥ EN-PME 18 (8-28) %
(7 test labs)

1) simultaneous measurements of the same stove with the same test set-up
2) measurements with different test set-ups

) TNO Public

In general, inter-laboratory reproducibility is better than repeatability, which can be seen in
generally lower coefficients of variation. This indicates that the measurement uncertainty is
determined not so much by the laboratory conducting the tests, but by the test method itself.
Validation tests conducted in recent years by various research bodies (including TZF and Ri-
cardo), studying the effect of test variables on particulate emissions, have shown that test
conditions and fuel characteristics have a major influence on final particulate emissions (see
also table 2.6 below). For a combustion process in a wood-burning stove, it is difficult to keep
these variables identical, which manifests itself in a high measurement uncertainty.
However, based on the inter-laboratory results, the reproducibility of the EN-PME method does
appear to be slightly better than that of the DINplus method. This is probably a consequence
of the higher temperature of the heated filter (180°C instead of 70°C), which means that con-
densation processes play a smaller role. In addition, the permissible deviation in temperature
(+/- 10°C) of the EN-PME method is stricter than the temperature requirements of the DINplus
method (70-160°C), which will also produce a smaller spread in test results.
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Differences in measurements by manufacturer or test lab

The high measurement uncertainty of the particulate test methods complicates an assess-
ment of the measurement result against the requirement for particulate emissions in the EU
Regulation. This can be partly overcome by conducting multiple test measurements, with
the average of these tests being assessed. The heated filter method (in accordance with EN
16510 and EN 13240) already prescribes 3 measurements and the electrostatic precipitator
method (in accordance with BS 3841) even assumes 5 measurements.

Table 2.5 gives an overview of various types of pellet stove and wood-burning stove tests car-
ried out by the manufacturer itself and by an external control laboratory. The test result of
the external laboratory is often based on more individual measurements than the prescribed
number according to the standard methods used.

The results show that in 8 out of 10 cases, the test result is higher than that of the manufac-
turer itself, and in 7 out of these 8 cases, the manufacturer's average test result is not even
within the minimum and maximum measured value of the external laboratory. On average,
the average measurement result of the external laboratory is more than twice as high as the
average result of the manufacturer. The findings in Table 2.5 show once again that the meas-
urement uncertainty of the test method is a complicating factor in testing particulate emis-
sions against the requirements for EcoDesign stoves.

Table 2.5: Comparability of wood-burning stove type tests conducted by the manufacturer and external la-

boratories

Type of tests (g/GJ - mg/m?®)  [peviation
Stove - load o

Manufacturer [External lab  [(%)
\Wood-burning stove - nominal load - 5-7 measurements . . o
[Bachmaier, H,, 2016] 20 (8-28) 48 (28-79) +140%
Wood-burning stove - partial load - 5-7 measurements ) ) o
[Bachmaier, H,, 2016] 25 (15-55) 60 (42-108) [+140%
gglll%t] stove - nominal load - 5-7 measurements [Bachmaier, H., 14 (12-16) 78 (15-38)  |+100%
Pellet boiler - 10-12 measurements [UltraLowDust] 9 20 (17-23) +122%
\Woodchip boiler - 10-12 measurements [UltraLowDust, 2017] (15 34 (12-88) +127%
\Wood-fired boiler - 10-12 measurements [UltraLowDust] 38 26 (15-61) -32%
Built-in wood stove - 10-12 measurements [UltraLowDust] 24 58 (37-79) +142%
Chimney wood stove - 10-12 measurements [UltraLowDust] 26 72 (36-98)  [177%
\2/\(/)0202(; stove Nordic Air 7 - nominal load - 3 measurements [RISE, s 17 (15-20)  |+113%
\2/\(/)0203? stove Morsg 6141 - nominal load - 3 measurements (RISE,29 15(12-18)  |48%
\Wood stove - nominal load - 3 measurements [Schon, C., 2023] [2 (1.5-2.5) 6 (5-8) +200%
\Wood stove - nominal load - 3 measurements [Schon, C., 2023] [22 (12-38) 31 (28-33) +41%
\Wood stove - nominal load - 3 measurements [Schon, C., 2023] [70 (55-850) 69 (68-70) -1%
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Figure 2.6: Correlation between the test result for particulate matter specified by the manufacturer and the
average value measured by an external laboratory under the same test conditions as the manufacturer’s.
The 'error bars' show the spread in individual measurements by the external laboratory. The solid line shows
the situation in which the same particulate emissions would be measured using both methods.

2.2.3 Dependence on Standards and specific
conditions (question 3)

In addition to the comparison studies of the three test methods, the correlation between the
old heated filter method (in accordance with EN 13240 + DINplus) and the new heated filter
method (in accordance with EN 16510:2023 + ENPME) was studied by Ricardo, TFZ, and VSB,
among others [Stewart, S., 2017; Kubesa, P., 2022; Schon, C. et al., 2018]. Four main differ-
ences between the methods can be distinguished:

1. the temperature of the filter during sampling: DINplus 70°C vs. ENPME 180°C.

2. the start time of sampling: DINplus 3 minutes after ignition vs. EN-PME immediately after
ignition.

3. the duration of sampling: DINplus 30 minutes vs. EN-PME full combustion cycle.

4. treatment of the filter: DINplus drying at 105°C vs. EN-PME drying at 180°C.

Figure 2.7 summarises the results of TFZ and VSB in correlation diagrams. Both comparison
studies show that, despite the differences in measurement procedure, the EN-PME method
and the DINplus method produce similar particulate matter concentrations. While TFZ's
measurements show that with the EN-PME method, concentrations of particulate matter
around 20% higher are measured, VSB's measurements show just the opposite, with the
DINplus method yielding concentrations of particulate matter that are around 10% higher.
Given the large spread in measurement results, the difference between the TFZ and VSB
measurements is also hardly significant.
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Figure 2.7: The correlation between two measurement methods for particulate matter: the DIN+ method
("heated filter" - VDI 2066) and the EN-PME method (right: TFZ measurement campaign: 37 readings and
left: VSB measurement campaign: 72 measurements). The solid line shows the situation in which the same

particulate emissions would be measured using both methods.

There are also many other variables involved in a particulate emissions test, which are often
not very precisely defined in the measurement standards, such as:

1
1

1
1

The precise test conditions: flue gas draught, fuel mass, heat output, burning rate.

Test method and measurement technique: flue, type of dilution tunnel, type of
electrostatic precipitator, particulate sampler used.

Fuel characteristics: wood type, moisture content, stacking, shape and dimensicns.
The precise test procedure to arrive at a value: number of tests, test duration,
combustion cycle, possibility of adjusting the air supply during the test.

Table 2.6 shows the results of various comparison tests conducted by TFZ and Ricardo, exam-
ining the effect of various test parameters [Stewart, S. (2017); Schon, C. et al., 2018]. It is clear
that each of these variables can signific68antly affect test results. Standardisation of test pa-
rameters is thus essential to obtain a clear result. What is also striking is that the spread in
test results increases with poorer combustion conditions (such as damp wood).
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Table 2.6: The effects of various test conditions and measurement parameters on particulate matter emissions based on data

from TFZ and Ricardo.

Test condition/parameter

PM emissions (mg/m3)

Load 100% 65% 30%

168 (140-205) 101 (95-105) 127 (110-140)
Flue gas draught 12 Pa 24 Pa 48 Pa

44 (28-55) 65 (25-119) 57 (29-78)
PM measurement - air velocity Isokinetic Isokinetic-50% Isokinetic+50%
Good combustion 50 (47-58) 54 (51-59)
dry spruce 18% moisture 51 (48-52) 51 (48-52)

Poor combustion
wet spruce 60% moisture

370 (280-480)

420 (280-560)

240 (180-300)

250 (230-280)

PM measurement - orientation 180° 90° 0°
Good combustion
dry spruce 18% moisture 91 (80-111) 81 (74-99) 81 (75-100)
: 30 min (after 3 mins), |33 minutes Full cycle,
PM measurement — meas. duration : S T - A
without ignition incl. ignition without ignition
Nominal load / DINplus 81(47%) 93 (30%) 62 (26%)
PM measurement - filter temperature (Filter 70°C Filter 120°C Filter 180°C

wet spruce 59% moisture
- filter drying in desiccator

1300 (800-2000)

1100 (680-1600)

580 (320-920)

wet spruce 59% moisture

970 (610-1500)

890 (580-1400)

570 (310-910)

- filter drying at 120°C
wet spruce 59% moisture ) ~ -~
" filter drying at 180°C 750 (470-1200) 690 (440-1100) 490 (280-810)
Nominal load dry wood 81 (47%) 77 (26%)
Low load dry wood 36 (39%) 106 (52%)

. L Drying - g ; o
Filter conditioning i1 s e (2R Drying at 120°C Drying at 180°C
dry spruce 17% moisture 49-51 50-53 50-53

wet spruce 55% moisture
- measurement in flue gas outlet

2600 (1800-4500)

2300 (1600-4200)

1700 (1100-3100)

wet spruce 55% moisture
- measurement in dilution tunnel

4200 (2700-7500)

2900 (1600-5200)

2000 (1100-3500)

) TNO Public
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2.3 Conclusions of comparison of test methods

Since 1 January 2022, wood-burning stoves have had to comply with requirements from An-
nex IT of Regulation (EU) 2015/1185 implementing Directive 2009/125/EC, including a partic-
ulate emissions requirement. This chapter compared in detail the three approved
measurement methods for determining particulate emissions from stoves. For this, we mainly
used the results of various validation and comparison studies carried out for national govern-
ments (DEFRA and the Norwegian Environmental Agency) and as part of European research
programmes (IEA BioEnergy beReal, UltraLowDust, Real-LIFE, and IMPRESS 2).

In general, measurement methods using a dilution tunnel lead to higher measured particu-
late emission values than measurement methods using a heated filter in the flue gas outlet.
This picture is confirmed by almost all comparison studies. The lower temperature in the dilu-
tion system leads to more condensation and additional formation of secondary organic par-
ticles. On average, particulate values measured with a dilution system are 1.5 times higher
than those measured in the undiluted flue gas. At low particulate emissions, the difference
between the heated filter and dilution tunnel method appears to become ever larger. The
lowest particulate emission values are measured at the nominal (optimal) load of the wood
stove. The difference between the two methods can be up to a factor of 8. This may be related
to better combustion conditions and the effect on the formation of incomplete combustion
products and secondary organic particles.

Only one of the comparison studies included particulate measurement with an electrostatic
precipitator. This method is actually only used in the UK. The study shows that particulate
emission values measured using the electrostatic precipitator are around twice as low as
those measured with the dilution tunnel. However, here too the correlation at low particulate
emission values is poor and similar values are measured with both methods.

Despite the fact that the three measurement methods measure different particulate emission
values, no statement can yet be made on this basis as to whether a particular method leads
to more approval or rejection. For this purpose, the measured values also have to be compared
with the particulate emission requirements, as set ocut in the EU Regulation. A comparison
between the heated filter method and the dilution tunnel method shows that at both nominal
and high loads, about 60% of the measurements give the same test result and in about 40%
of cases, the test results differ. However, neither method leads to a more favourable result.
The comparison between the electrostatic precipitator method and the dilution tunnel
method with filter produces the same result. However, here the deviating measurements sug-
gest that using the dilution tunnel with filter may be more favourable.

The comparison studies also provided insight into the measurement inaccuracy of the three
measurement methods. Measurement uncertainty is determined by repeatability (spread in
emission values measured by the same laboratory) and reproducibility (spread in emission
values measured by different laboratories). In general, the measurement uncertainty of all
three measurement methods is high. Based on repeatability, the heated filter method
(DINplus) appears to score slightly worse than the dilution tunnel and electrostatic precipita-
tor. Reproducibility is roughly comparable to repeatability, which indicates that measurement
uncertainty is mainly determined by variation in the test conditions.

The validation tests further show that small variations in test conditions and fuel characteris-
tics can have a major impact on the ultimate particulate emission values. It is difficult to keep
these variables identical for a combustion process in a wood-burning stove, and this manifests
itself in a relatively large measurement uncertainty. However, the reproducibility of the EN-
PME method does appear to be slightly better than with the DINplus method. This is probably
a result of the higher temperature of the heated filter, which means that condensation pro-
cesses play a smaller role. In addition, the permitted deviation in filter temperature of the EN-
PME method is smaller than for the DINplus method, which may also produce a smaller spread
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in test results. Moreover, the differences in measurement procedure between the EN-PME and
DINplus method do not lead to different particulate emission values; comparison studies
show similar (+20%) concentrations of particulate matter.

The high measurement uncertainty of the particulate test methods complicates an assess-
ment of the measurement result against the requirement for particulate emissions in the EU
Regulation. Control tests of stoves by external laboratories show that in 80% of cases, the
particulate emission value is higher than the value specified by the manufacturer. On average,
the particulate emission value turns out to be twice as high as that specified by the manufac-
turer. Table 2.7 compares the deviations based on the retests by external laboratories with
the limits and summarises control tolerances in EU Regulation 2015/118 (in absolute values).
It can be concluded from this that the maximum deviations found in repeat testing are higher
than the control tolerance for regulatory bodies set out in Regulation 2015/1188. For the
heated filter method, deviations of 46 and 51 mg/m? were found, while the tolerance limit is
20 mg/m3. For the dilution tunnel method, the maximum deviation is 1.8 to 6.4 g/kg, while
the tolerance limit is 1 g/kg. For the dilution tunnel with electrostatic filter, no information is
available on retests or control tests.

In conclusion, it can be stated that standardisation of the measurement procedure and test
conditions, and uniform fuel characteristics, are essential to minimise measurement uncer-
tainty, so that an unambiguous test result can be achieved.

Table 2.7: Comparison of the average and maximum deviations found in retesting by an external laboratory with
the limits and control tolerance from EU Regulation 2015/1185.

Measurement method  |Limit value control tol.eronce for regu- Average/maximum deviations ob-
- ; : . latory bodies )
or particulate emis- Annex II Regulation . served on repeat testing from the
sions 2015/1185 pnnex IV Regulation literature survey
2015/1185
18 / 46 mg/m? 1)
3 [o) 3
heated filter 40g/m? at 13% O 20 mg/m D2 /51 mg/m??
L 1/1.8 g/kg?
dilution tunnel 59/kg (dry matter) 1g/kg i 4/ 6.4 glkg ¥
electrostatic filter 2.4 g/kg (dry matter) 0.8 g/kg - 4

1) Data come from various comparison studies by TFZ and RISE in which particulate emission values from
retests by an external laboratory were compared with those specified by the manufacturer [Bachmaier,
H., 2016; EU project UltraLowDust; Schon, C., 2023]

2) Data come from RISE's comparison study based on repeat tests on 5 stoves by the same laboratory [RISE,
2022; RISE 2023].

3) Data come from Ricardo's comparison study based on measurements of 2 stoves, in which particulate
emissions were measured by 2 laboratories [Stewart, S. 2017]

4)  No comparison data are available for the electrostatic filter method.
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3. International picture and
guidance for inspections

The core of this study, which is the quantitative comparison of different measurement stand-
ards to determine particulate emissions from wood-burning stoves in relation to Ecodesign
legislation, was discussed in Chapter 2. This chapter contains additional information collected
and summarised by TNO at the ILT's request.

The bulk of this information was derived from personal communications from experts. This
included asking which of the measurement methods are used in different countries and what
proportion of stoves are imported from inside and outside the EU (questions 4 and 6). There
is also a brief list of visible features of wood-burning stoves that one can take note of during
an inspection to estimate whether the stoves comply with the requirements (question 5).

3.1 International aspects

Stoves installed in the Netherlands are manufactured in various parts of the world. This leads
to different measurement methods being used for the different stoves. The ILT would like to
know which different measurement methods are common in which countries and how this
relates to deliveries of stoves from different parts of the world.

Table 2.1 of Chapter 2 gave an initial picture of which measurement methods are most com-
mon in which European countries, as the standards were developed in those countries. For
example, manufacturers and importers in Germany and Austria use the heated filter meas-
urement method (EN 13240 or DINplus), Norway uses a dilution tunnel (NS 3058/NS 3059),
and the UK uses an electrostatic precipitator (CEN/TS 15883).

The Dutch Fireplaces and Stove Industry Foundation [Stichting Nederlandse Haarden en Ka-
chelbranche] (NHK) [Gelten, 2024] was able to provide a global overview of appliances sold in
the Netherlands and the EU. The NHK collects sales information from its members, which in-
clude manufacturers, suppliers, and installers. Virtually all major Dutch producers and import-
ers are members of the NHK. The NHK states that, according to its information, 90% of sales
within the EU involve appliances manufactured in the EU or the United Kingdom (UK) and
Norway. Almost every appliance sold in Europe is therefore of Eurcpean origin. The NHK further
estimates that the remaining 10% sold in Europe, mainly through DIY stores and the internet,
are manufactured in Asia.

Specifically with regard to sales in the Netherlands, the NHK states that 50% come from Dutch
producers, 40% from other EU countries (plus the UK and Norway), and, once again, around
10% are from outside Europe. In the Netherlands, this 10% share is again mainly sold through
DIY stores and the internet, and is mainly of Asian manufacture.

The NHK points out furthermore that DIY stores and internet retailers in the Netherlands are
not affiliated to the NHK. In this sense, therefore, sales through these channels take place
beyond the NHK's horizon. In addition, these sales channels are not affiliated to other forms
of consultation, such as the Clean Air Agreement.

A previous rough estimate by TNO of the annual number of new appliances sold (freestand-
ing stoves, built-in stoves, and pellet stoves) is between 10,000 and 30,000 appliances.
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Table 3.1: Main characteristics of the various test methods used in Europe and the requirements for PM
emissions in EU Regulation 2015/1185 [Krpec K., 2023].

Method from
EU Regulation

CPR

1 - heated filter

2 - dilution tunnel

3 - dilution tunnel (opt.
with electrostatic
precipitator)

Standard EN 16510-2-1:2023 EN 13240 + CEN/TS 15883:2009 CEN/TS 15883:2009 An-
DINplus + Annex A.2 nex A3
EN 16510- EN 16510-1:2013,
1:2022,6.3.1and 6.3.5 | G.2 NS 3058 / NS 3059
EN-PME EN-PME PM FFDT PM FFDT
Country of EU EU Norway United Kingdom
origin of (Germany/Austria)
measurement
method
Number of 3 measurements at 3 measurements at | single measurements | 5 measurements at 3
measurements | nominal and partial nominal heat at 4 different combustion rates +
heat output (as output combustion rates improper use (in
specified by accordance with BS
manufacturer) 3841)
Combustion full combustion cycle | 30 minutes, after 3 | full combustion cycle | 30 minutes, after 3
cycle (without ignition) minutes for ignition | {without ignition) minutes for ignition
Fuel Mainly hardwood Mainly hardwood Air-dried spruce Firewood
(beech, birch, (beech, birch,
hornbeam) hornbeam)
Fuel mass Calculated on the Calculated on the 112 £ 11 kg/m3, based | -
basis of the heat basis of the heat on the total volume of
output defined by the | output defined by | the combustion
manufacturer the manufacturer | chamber
Moisture 15 +/- 3% 16 +/- 4% 16-20% <20%
content
Flue gas Controlled at 12 Pa Controlled at 12 Pa | Natural flue gas Controlled at 12 Pa
draught (nominal heat output) draught
and minimal at 6 Pa
(partial heat output)
PM EN-PME method, in DIN+ method, in Isokinetic - in a dilution | Electrostatic
measurement | the flue - over heated | the flue - over tunnel - filter precipitator & optical
filter (180°C) heated filter (70°C) | temperature < 35°C smoke measurement at
end of flue or filter
method in dilution
tunnel (in accordance
with BS 3841)
Filter 180 °C for 1 hour 105 °C for 1 hour room temperature for | -
treatment 24 hours

Requirements for PM emissions and tolerance (at 13% 02) in

accordance with EU Regulation 2015/1185

Wood
Pellets

Solid fossil
fuels

40 (+20) mg/m3
20 (+10) mg/m3

40 (+20) mg/m3

40 (+20) mg/m3
20 (+10) mg/m3

40 (+20) mg/m3

5 (+1) g/kg
2.5 (+1) g/kg

5 (+1) g/kg

2.4 (+0.8) g/kg
1.2 (+0.8) g/kg

5 (+0.8) g/kg
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3.2 Visible features of wood-burning stoves
relating to requirements for emissions and
efficiency

Ecodesign sets minimum requirements for both particulate emissions and thermal efficiency
of wood-burning equipment. The question of whether there are visible characteristics on the
basis of which it can be assumed that efficiency or emission requirements might not be met
was put to a product development specialist from a major Dutch manufacturer [Smit, 2024].
The information he provided has been incorporated into the following.

Efficiency that is too low is mainly caused by either an excessive air surplus in the flue gases
or an excessively high flue gas temperature, Excessive particulate emissions are caused by
incomplete combustion, specifically if there is inadequate secondary combustion or none at
all.

Before going into this in more detail, we will briefly explain the functions of the various airflows
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