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Summary 
 

Increased concentrations of particulate matter in the ambient air can be related with death from lung 
cancer and cardiopulmonary disease. Residential biomass combustion is common in the Nordic 
countries and an important source to particles in the ambient air. To ensure a future sound air quality, 
residential biomass combustion is one of the sources it is urgent to control. Biomass combustion is a 
renewable energy source and consequently has an important place in a sustainable development. 
However, inefficient biomass combustion causes emissions of particles from incomplete combustion. 
This includes soot, condensable organic particles (tar drops), and char particles. At the same time 
particles originating from the inorganic material in the fuel (ash particles) are emitted. From today’s 
residential appliances these inorganic particles are emitted even at efficient combustion.  
 
Particulate emissions from residential solid biofuel combustion measured in a specific measurement 
point can be affected by several parameters, e.g. temperature, pressure, dilution during sampling, and 
losses in the sampling system. There are two main ways to measure particulate emissions from 
residential combustion. First particles can be sampled in warm flue gas, in the chimney, i.e. above dew 
point of the gas. Secondly, a dilution tunnel can be used, thus cooling the flue gas, besides diluting. 
The lower the temperature in the measurement point is, the more components are in liquid phase, and 
thus measured as liquid particles. Consequently, more compounds are in liquid phase at sampling in 
dilution tunnel compared with sampling in warm flue gas. Dilution with room-tempered air decreases 
the temperature of the flue gas and thus condensation is enhanced.  
 
Within CEN/TC 295/WG5, i.e. European committee for standardization, technical committee 295 
working group 5 –Test methods, work on a new common particulate test method was initiated year 
2005. The starting point was four different national methods for measurements of particles. (The 
national methods are for U.K., Norway, Austria, and Germany.) The objective of the work presented 
in this report is to give a Nordic influence on the ongoing work on a common European method for 
measurements of particles during residential combustion of solid fuel. In the long-term this method 
will contribute to better control of the environmental performances of the residential combustors and 
of emission levels. The work reported has been performed during year 2006, and consist of two main 
parts: 

I) A Nordic work-shop with purpose to exchange experiences from different kinds of 
particle measurements methods, and give common Nordic input on the draft standard for 
particulate emissions.  

II) Participation in the process of developing a common European method for measurements 
of particulate emissions from residential solid combustion within CEN. 

 
The work-shop was kept small (9 participants) and focused on technical aspects of particulate 
measurement. The measurement methods applied and situation within the Nordic countries Denmark, 
Finland, Norway and Sweden country were discussed. Possible experimental research needs were 
identified, e.g. investigate possibilities to apply the particulate emission test method developed within 
TC 295/WG5 on residential solid fuel boilers tested according to EN 303-5. Other examples of ideas 
identified was comparisons of different particulate measurement methods, and the need of a 
precyclone (PM10 or PM2.5) for different fuels and burn rates. Besides common Nordic research 
needs other business were discussed. It was agreed on the need for Nordic cooperation within the 
standardisation process, not only within CEN/ TC 295, but as well within CEN/TC 57.  
 
The work financed by the Nordic Council of Ministers Working Group Sea and Air has resulted in 
exchange of experiences of  measurements of particulate emissions, identification of common research 
needs and common interests in the standardization work concerning particulate emissions from 
residential solid biofuel combustion. A Nordic work-shop about methods for measurement of 
particulate emissions has been performed, thus resulting in a first common Nordic effort in this area 
within CEN/TC 295/ WG5. Most of the Nordic remarks on the preliminary draft for particle 
measurement method were accepted, or partly accepted, and a few remarks will be investigated 
experimentally, and discussed in the next meeting of TC 295/WG5. 
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Introduction 
Particulate air pollution has been associated with death from lung cancer and cardiopulmonary disease 
[1, 2]. In Europe particulate matter in the ambient air is regulated through EU directive 1999/30/EC of 
22 April 1999 [3]. The 24-hour limit value for PM10, i.e. particulate matter less than 10 µm in size, is 
50 µg/m3. The corresponding annual limit value is 40 µg/m3. The three largest sources to particulate 
matter in the ambient air in Europe are industry, residential combustion and transport [4] 
 
Residential biomass combustion is common in the Nordic countries and an important source to 
particles in the ambient air. In Sweden particle emissions from residential biomass combustion is in 
level with the particle emissions from traffic [5]. To ensure a future sound air quality, residential 
biomass combustion is one of the sources it is important to control as biomass combustion is a 
renewable energy source and consequently has an important place in a sustainable development. 
 
Particles from residential biomass combustion 
The particulate emissions depend on the combustion conditions, thus a combination of appliance type, 
chimney, fuel and firing behaviour. There are two main sources of primary particles from residential 
biomass combustion: 
 

1. Particles from incomplete combustion. This includes soot, condensable organic particles (tar 
drops), and char particles. 

2. Particles originating from the inorganic material in the fuel – ash particles. 
 

Particles from incomplete combustion are emitted at inefficient combustion conditions, and can be 
minimized through optimising the combustion conditions with respect to temperature, mixing and 
residential time. However, particles from the inorganic ash components in the fuel are emitted no 
matter the combustion conditions, from today’s residential appliances. Besides the primary particles 
emitted from the chimney, gaseous components from the combustion flue gas might form secondary 
particles in the ambient air. Secondary particles can be made up of nitrates from gaseous nitrogen 
oxide emissions, sulphates from sulphur dioxide and condensed organic compounds. 
 
Measurement of particles 
The flue gas emitted from residential biomass combustion is comprised of a mixture of different kinds 
of particles and gases that are potentially particle formers. The particle concentration measured in a 
certain measurement point might be affected by several parameters (which sometimes are connected to 
each other), e.g.: 
 

• Temperature. The lower the temperature in the measurement point, the more components are 
in liquid phase, and thus are measured as liquid particles. 

• Pressure. If the partial pressure of a vapour in the flue gas is higher than the saturation vapour 
pressure nucleation might occur, which means that particles are formed. 

• Dilution. Dilution with room-tempered air decreases the temperature of the flue gas and thus 
condensation is enhanced. On the other hand, dilution with heated air decreases the partial 
pressure and thus the condensation of potential particle decreases. 

• Losses. Particles might be lost in the sampling system through e.g. diffusion and 
thermophoresis. 

 
At present there are different national standards and methods used for particle measurements during 
residential biomass combustion in the Nordic countries [6 – 9]. In Europe there are additional 
standards used [e.g. 10]. There are mainly two ways to perform particle measurements: 

1. In the chimney, i.e. above the dew point of the flue gas. 
2. In a dilution tunnel, i.e. below the dew point of the flue gas. 
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The two main ways of measurements may cause confusion since they lead to different particle 
compositions and concentrations. Sampling in the chimney means measurement of ash, soot, and 
liquid particles with dew point above the sampling point. Measurement in dilution tunnel means a 
lower temperature and thus more liquid particles. Measurement in the chimney implies less equipment 
as it does not require a dilution tunnel. However, particle concentration in dilution tunnel gives better 
values for source contributions to ambient levels of particles.  
 
Work on particulate emission test method within CEN/TC 295/WG5  
The work reported here has the process of developing a common European method for measurement 
of particulate emissions at residential solid combustion within CEN as a starting point. Therefore brief 
background information about this is presented here. Within CEN/TC 295/WG5, i.e. European 
committee for standardization, technical committee 295 working group 5 –Test methods, it was 
decided to start to work on a new common particulate test method at the meeting 17 February 2005. 
The starting point is a draft standard technical specification (TS) containing four different national 
methods for measurements of particles, together with methods for nitrogen oxides and organic gaseous 
carbon, at residential solid combustion (The national methods are for U.K., Norway, Austria, and 
Germany.) Eventually (at the meeting 17 November 2005) Mr. Gaegauf, Switzerland, is selected to be 
responsible for the development of a common draft standard for particulate emission test. At a meeting 
7 February 2006 Gaegauf introduces the problem of the determination of particulate emission, and the 
particulate emission test method is discussed. It is decided that Gaegauf will develop a detailed draft 
standard within the next months. The project contract from the Nordic Council of Ministers, Working 
Group Sea and Air for the work presented here was received 19 May 2006.  
 
Objective 
The objective of the project proposed is to give a Nordic influence on the coming CEN standard 
technical specification for measurements of particles during residential combustion of solid fuel. In the 
long-term this standard will contribute to a better control of the environmental performances of the 
residential combustors and of emission levels. 
 

Method 
The work reported has been performed during year 2006, and consist of two main parts: 
 

1. A Nordic work-shop with purpose to exchange experiences from different kinds of particle 
measurements methods, and give common Nordic input on the draft standard for particulate 
emissions.  

2. Participation in the process of developing a common European method for measurements of 
particulate emissions from residential solid combustion within CEN. 

 

Results and discussion 
The main part of the work performed is related to the work-shop. Therefore this result will be 
presented first. The second part of the project, i.e. participating in the process of developing a common 
method for measurements of particulate emission is of course related to the work-shop as well. 
However, as this is of certain interest in the work performed it is presented separately. 
 
 
Work-shop  
VTT, DTI and SINTEF were invited by SP to a Nordic work-shop on particle measurement at testing 
of residential wood stoves (Appendix 1). The purpose of the work-shop is to exchange experiences 
from different kinds of particle measurements methods, and discuss the Nordic implementation of the 
new coming measurement-method in the CEN-standard developed within CEN/TC 295 WG5. The 
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measurement methods applied and situation within each country were discussed. Possible 
experimental research needs were identified. Participation in the work-shop was limited to 4 persons/ 
country. It was up to the invited institutions/companies to circulate the invitation to selected persons 
within each country. The participants were allowed to be from other organisations than those 
specified. 
 
The work-shop participants were 9 persons, from the organisations invited and from University of 
Kuopio, in Finland. The minutes from the work-shop, including participants list is presented in 
Appendix 2, and summarised here. At the work-shop current situation in each country was presented 
and can be found in appendix 3-6. 
 

Current situation in Denmark 
Measurement methods. In Denmark, particulate emissions from residential biofuel combustion are 
measured at the DTI by use of accredited methods, and a few other methods. Methods covered by 
current accreditations of DTI’s energy laboratory are according to: VDI 2066 Blatt 2 [11], EN 13284-1 
[12], VDI 2066 Blatt 5 [13], NS 3058 [9], EN 303-5 (reference14, a standard for residential boilers 
that specify that particulate emissions need to be measured but not how), MEL 02 [15] (Danish 
Environmental Agency Guideline), ISO 9096 [16], and ISO 10155 [17]. The methods used for 
measurement of the particulate emission in these standards have sampling of particles on filters in 
common, that mean: Extractive, isokinetic sampling and gravimetric determination of mass. In 
connection with testing according to VDI 2066 Blatt 2 and EN 303-5, particles are sampled in-stack in 
a filter cartridge made of stainless steel or titanium. The cartridge is stuffed with glass wool or/and 
quartz wool. The method is tested practically for dust load in the range from 1 to 1000 mg/m3. For dust 
concentration less than 20 mg/m3 a backup plane filter has to be used in combination with the stuffed 
filter cartridge. Alternative to the filter cartridge an extraction filter thimble can be used. The typical 
sample flow rate is 4 m3/h. At sampling according to VDI 2066 Blatt 5, particles are sampled in-stack 
by means of a cascade impactor (0.5-15 µm). If the dust contains more than 15 % particles (by mass) 
larger than 10 µm it is advisable to use a preseparator upstream of the impactor. The preferable dust 
load without preseparator is 10 to 500 mg/m3 and with preseparator it is 200 to 5000 mg/m3. The 
typical sample flow rate is 1 m3/h. In connection with testing according to the Norwegian method NS 
3058 thus out-stack sampling on plane filter is applied and sampling is performed in a dilution tunnel. 
More information about NS 3058 appears from chapter “Current situation in Norway” In the following 
methods sampling in stack or outside stack with heated filter and probe is applied: EN 13284-1, MEL 
02, and ISO 9096. MEL 02 is an elaboration EN 13284-1 prepared by the Danish Environmental 
Agency. 
 
Methods used besides accredited standards: Petersen Column, LAS-X particle sizer/counter, and 
SMPS particle sizer/counter. Petersen column is a device for measurement of aerosols containing solid 
and liquid particles, developed for tary flue gases. The column has one filtering step and two washing 
steps. Tests have shown that it collects more than 99 % of organic components in gases with boiling 
point equal to benzene or higher. LAS-X particle sizer/counter has a range of 100 nm to 7.5 µm, 
divided into 16 size fractions. SMPS particle sizer/counter used is the model for ultrafine particles, 
thus measuring in the range 3-1000 nm. 
 
Political attention in Denmark. During recent years there has been more and more focus on air 
pollution caused by residential combustion of solid fuel in Denmark. A wide range of initiatives in 
order to minimize the residential air pollution have been initiated. The Danish EPA finances ongoing 
projects about wood smoke and health effect corresponding to approximately 370 000 euros (appendix 
7). Another example is that the public can find advises about how to use their stoves in a non-polluting 
way at a website about air pollution [18] focusing on wood smoke. In 2005 an investigation of 
particulate air pollution in Denmark [19], and a field study on emissions from stoves [20] were 
published. Both reports conclude that the residential combustion of solid fuel cause a substantial 
contribution to the local air pollution, almost half of the total emissions of PM2.5 in Denmark are from 
residential biofuel combustion. An example of an ongoing project connected to residential solid fuel 
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combustion is “Evaluation of the volume of bad chimneys for residential solid fuel stoves and boilers 
– regulations and proposals for solutions”, initiated by the Danish Environmental Agency. Another 
initiative from the Danish government is an agreement about an additional effort against particulate air 
pollution from residential heating. This effort include an “Agreement about Scrapping of Older Stoves 
and Boilers”, additional information on correct firing and testing of particle filters for woodstoves and 
boilers in practice. 
 

Current situation in Finland 
In Finland there has been a national interdisciplinary research program called FINE Particles - 
Technology, Environment and Health from year 2002 to 2005 [21]. The program had four main areas: 
Releases and processes, Measurements, Outdoor and indoor fine particles –health impacts, and 
Environmental and other impacts of fine particles. Total budget was 26 million euros, from which 
50 % from the Finnish energy agency. Other financiers were Academy of Finland, Ministry of 
Transport and Communications and Ministry of the Environment. The FINE program involved close 
to 60 companies and over 20 research groups. VTT and University of Kuopio were among the 
participating research groups. 
 
At VTT an ELPI (electrical low-pressure impactor) is used as counter/sizer. It measures number of 
particles in the range 0.007-10 µm (12 size fractions). Flue gas is diluted with particle-free and dry 
pressurized air before measurement in ELPI. Ejector dilutors in two steps (first step diluted) are used, 
alternatively a porous tube dilutor developed within the Fine project. To protect the measurement 
system from particles larger than PM10 a pre-cyclone is used upstream of ejector dilution system. For 
measurements of particle mass size distribution a DLPI (Dekati low-pressure impactor) is used. At 
VTT particulate emissions from the following residential appliances have been characterized within 
the FINE program: wood stoves, slow heating residential appliances, wood chips burners, sauna 
stoves, industrial boilers, district heating boilers, oil burners.  
 
At the University of Kuopio, formation of particle emission from residential biofuel combustion is 
studied through measurements and modelling. Particles are measured by filter sampling, and sizer 
counters SMPS and ELPI. Three approaches are used for sampling and dilution: 

1. Sampling from exhaust through a dilution system (ejector diluters, porous tube diluters or fine 
particle sampler) 

2. Dilution tunnel technique (partial flow dilution, ISO 8178) 
3. Hood dilution (full dilution + secondary dilution system) 

 

Current situation in Norway 
Test methods used for dust (i.e. particles in hot flue gas) and particles in Norway are NS 3058 – 
Smoke emission (particulate) and the Austrian method for dust Article 15a [23]. Particulate emissions 
standards were made year 1994 (NS 3058-1, NS 3058-2 and NS 3059). Since 1997 it is required that 
all stoves installed in Norway have been tested for particulate emission according to the Norwegian 
standard. During testing according to NS 3058 the mass of fuel charge per m3 of the fire box volume is 
defined. The reason is to avoid the manufacturers to claim that their appliances are to be used at 
smaller heat outputs than what can be expected from the users, and thus get lower emissions at testing 
than in practical use. Each fuel log is standardized in NS 3058-1. It is of fir wood and rectangular in 
shape, more instructions of the size is specified in the standard. The standard includes testing at four 
burn rate categories. Particles are sampled on a plane filter, out stack of a dilution tunnel. In NS 3059 
the calculations of weighted mean values from the test results of different burn categories are 
described and emission limits from this weighted mean values are specified as:  

• Catalyst-equipped wood heaters, ≤ 5 g particulate matter/kg (dry wood) 
• Non-catalyst wood heaters, ≤ 10 g particulate matter/kg (dry wood) 
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The burn categories used in the Norwegian standard are a result of an investigation of user habits in 
Norway, as well as the corresponding weighing factors. 

Current situation in Sweden 
Particulate matter in the ambient air is regulated in Sweden. However, particulate emissions from 
residential combustion are not regulated in the building regulations. The annual residential biofuel 
combustion in Sweden is 12-13 TWh. The number of wood and pellets stoves and insets are together 1 
100 000, and the residential biofuel boilers are 260 000. Approximately 60 % of the residential biofuel 
boilers are of old-type technique. 
 
Year 2000 to 2003 there has been a national frame project called Biofuel Health and Environment 
performed in Sweden [22]. Total budget was about 3.3 million Euros, and the work was divided 
between 25-30 university research groups, research institutes and companies. SP was responsible for 
characterization of gaseous and particulate emissions from residential wood and pellets boilers. 
Examples of results from this work are: 

• Large possibilities to decrease the emissions by changing from old-type wood boilers without 
heat storage tank to modern wood boilers with heat storage tank or pellets burner/boilers. 

• The variations in emissions are large. Consequently emission data needs to be further 
investigated with respect to real conditions at people’s home. 

• Particle size distributions showed that the particulate emission was dominated by size less 
than 1 µm, both with respect to mass and number of particles. The particles contained mainly 
potassium sulphate and potassium chloride at favourable combustion conditions. 

 
Recently there have been field studies of emissions from residential biofuel stoves and boilers 
performed. 
 
During testing of residential boilers particles are measured at boiler testing according to EN 303-5, 
using method EN 13284-1 as a basis. At testing of stoves and insets according to Norwegian standard 
NS 3058 (as described earlier: dilution tunnel, out stack measurement), and at testing of pellets stoves 
for voluntary P-mark, using EN 13284-1 as a basis. Particle sampling described in EN 13284-1 is out 
stack on warm gases at larger boilers, and it is primarily a method for lower concentrations and higher 
flows than for residential combustion. 
 

Research needs identified 
The discussion about common research needs resulted in an idea list: 

a. Investigate possibilities to apply the particulate emission measurement suggested in 
CEN/TC 295 WG5 N70/2006 on residential solid fuel boilers EN 303-5 

b. Investigate the need for a pre-cyclone (PM10 or PM2.5), for different solid fuels and 
different burn rates 

c. Investigate the state of cleanliness of the dilution tunnel and the PM measured on 
blank filter 

d. Compare particulate emission measured in dilution tunnel with particulate emission 
measured by dilution of raw flue gas through porous tube 

e. Parallel measurements of particulate matter 
-13284-1 
-VDI2066 in stack 
-NS3058, part 1 and 2, for fuel charge according to EN13240 
-DIN standard? 70 ºC 

f. Bio keymark, investigate the interest of manufacturers? 

Common question and activities 
Besides common Nordic research needs other business were discussed. It was agreed on the need for 
Nordic cooperation within the standardisation process, not only within CEN/ TC 295, but as well 
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within CEN/TC 57. At present there is a standard method for testing of residential boilers which 
specifies that particles are to be measured, but not the method to be used. Consequently the following 
activities were decided: 

a. Send Nordic comments on Preliminary draft of EN TS on particulate emission test 
method to C. Gaegauf and M. Benzi (CEN/TC 295/WG 5 N 70/2006).  

b. Harmonize or revise EN 303-5. Within TC 57. Next meeting is expected spring 2007. 
Make a letter to raise the question in the Nordic countries.  

 
 

Nordic input on the preliminary draft of EN TS on particulate 
emission test method 
The preliminary draft of Technical Specification on particulate emission test method discussed, i.e. 
document CEN/TC 295/WG 5 N 70/2006 can be found in appendix 8. The method resembles the 
Norwegian method for measuring particulate emissions with respect to many parts. The draft was 
discussed at the work-shop and it resulted in a document with common Nordic input sent in to the 
secretariat of CEN/TC 295/WG 5, see appendix 9. Besides a number of small remarks common 
general remarks found were summarised as: 
 

• Blank test prior to measurements is suggested. Particulate matter sampled on blank filters 
should not exceed 1mg/h. Gas velocity 5.5 m/s is suggested during blank tests. 

• Measurements of gas emissions are to be performed with forced draught according to 
standard. The experimental set-up in figure 1 means problems with keeping the draught 
constant simultaneously with constant volume flow in the dilution tunnel. => Gas emissions 
and particulate emissions need to be performed separately. 

• Particles might be lost in the sampling system. Especially particles larger than 10 µm might be 
lost to a high degree through inertial deposition. Pre-cyclone with a cut-off at 10 µm might be 
a solution, but it needs more work to define a pre-cyclone, because cut-size depends on flow 
velocity, which is not fixed in the method. 

• High burn rates (e.g. typically 4-10 kg dry fuel per hour in Finland) require a very powerful 
fan. We suggest that a larger diameter (than 150 mm) of the dilution tunnel is used in these 
cases. 

• Emission should be stated as [mg particulate matter per kg dry fuel supplied] or [mg 
particulate matter per MJ fuel supplied]. If particulate concentration per m3 is needed this may 
by calculated from burn rate if combustion is good. However if combustion is poor, it is 
necessary to use dilution ratio. In this case using CO2 may be a problem due to limited 
accuracy of analyzers below 1 % CO2, and it should be allowed to use a CO measurement 
instead since this is often more accurate. However special attention should be given in case of 
to unstable CO values. 

• Add in the Scope: This method applies to fuel loads set in other national standards as well. 
 
At the meeting of TC 295, WG5 in November, the preliminary draft method had been modified for 
smaller remarks from the Nordic countries as well as from other countries, prior to the meeting. 
General remarks were discussed, and the following was agreed concerning the Nordic general 
remarks: 

• Blank tests need to be performed but are probably not necessary prior each measurement. 
Work is needed on how often the blank tests need to be performed. Sintef in Norway will 
perform blank test on a dilution tunnel which has been used for about a year and compare with 
blank test for an entirely new dilution tunnel. 

• The Nordic countries indicated that there might be practical problems with fulfilling the 
demand for constant volume flow at particle sampling simultaneously with the demands of 
chimney draught for measurement of gaseous emissions. Consequently, there might be a need 
for separate measurements of particulate emissions and gaseous emissions. Mr. Gaegauf will 
investigate this problem experimentally, and inform TC 295/WG5 about the results. The group 
agreed that if it is possible to perform measurements of particle emissions and gaseous 
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emissions simultaneously, and fulfil the demands in the standards, this is preferable. The 
question will be discussed at next meeting, with experimental results as a background. 

• The need for a preseparator was discussed. There was an agreement that it is not needed for 
residential wood combustion, however it might be necessary at higher burn rates or for certain 
fuels. Mr. Gaegauf will take this in consideration in the description of the method. 

• The Nordic suggestion to use larger diameter (than 150 mm) of the dilution tunnel for cases 
with high burn rates (more than 4 kg dry fuel per hour) was accepted.  

• Because of lack of time, the question about how to calculate particulate emissions was not 
discussed. Mr. Gaegauf will be reminded about this remark. 

• “This method applies to fuel loads set in other national standards as well” in the scope was not 
accepted, as it is already permitted to use several fuel loads in a number of European 
standards, which is mentioned in the scope, and national standards should be avoided in 
favour of European standards. 

 

Conclusions 
The work financed by the Nordic Council of Ministers Working Group Sea and Air has resulted in 
exchange of experiences of  measurements of particulate emissions, identification of common research 
needs and common interests in the standardization work concerning particulate emissions from 
residential solid biofuel combustion. A Nordic work-shop about methods for measurement of 
particulate emissions has been performed, thus resulting in a first common Nordic effort in this area 
within CEN/TC 295/ WG5. Most of the Nordic remarks on the preliminary draft for particle 
measurement method were accepted, or partly accepted, and a few remarks will be investigated 
experimentally, in Switzerland, and discussed in the next meeting of TC 295/WG5.  
 

Further work 
The development of a common European method for measurement of particulate emissions at 
residential solid combustion within CEN continues. During year 2006 a draft standard on particulate 
emission test method has been produced after the preliminary draft discussed in this report. Discussion 
of details and demonstration of the experimental equipment will be performed at the next meeting of 
CEN/TC 295/ WG5, in February 2007. For the Nordic countries it is important to continue to be a part 
of the development process, build up equipment for the new method according to the standard and to 
make comparisons with earlier used methods for particulate emissions. However, from year 2007 there 
is no common Nordic project so common Nordic efforts will probably be very limited. But at national 
level there are experimental work direct supplementary to the project reported here performed during 
2006 to 2007 

• In Denmark: project Quality assurance of small biofuel combustors, 80 000 Danish Kr, 
financing from the Danish Energy Agency, project journalnr.:  33036-0071 

• In Sweden: Particle measurement for residential biofuel boilers –Influence of different 
methods, ca 80 000 Danish Kr (100 000 Swedish Kr), financing from the Swedish Energy 
Agency, project nr: 30207-1. 

 

References 
[1] Dockery, D. W., Pope, C. A., Xu, X., Spengler, J. D., Ware, J. H., Fay, M. E., Ferris, B. G. J. 

and Speizer, F. E. An association between air pollution and mortality in six U.S. cities, 1993, 
The New England Journal of Medicine, 329, 1753-1759. 

[2] Pope, C. A., Thun, M. J., Namboodiri, M. M., Dockery, D. W., Evans, J. S., Speizer, F. E. and 
Heath, C. W. J. Particulate air pollution as a predictor of mortality in a prospective study of 
U.S. adults, 1995, Journal of Respiratory and Critical Care Medicine, 151, 669-674. 

 13



 

[3] Council directive 1999/30/EC of 22 April 1999 relating to limit values for sulphur dioxide, 
nitrogen dioxide and oxides of nitrogen, particulate matter and lead in the ambient air 

[4] Klimont, Z., Cofala, J., Kupiainen, K., Amann, M. Antropogenic emissions of primary 
particulate matter in Europe and their future trends, 2006, Geophysical Research Abstracts, 
Vol. 8, 10435 

[5] Camner, P. Particles in the ambient air as a risk factor for lung cancer, Swedish Environmental 
Protection Agency, Stockholm, Report 4804, ISBN 91-620-4804-x 

[6] SS028426 (1991-12-04) Air quality - Stationary source emissions - Determination of 
concentration and mass flow rate of particulate material in gas-carrying ducts - Manual 
gravimetric method 

[7] VDI Guidelines 2066 
[8] SFS 3866 (1990-12-11), Air quality. Stationary source emissions. Determination of particulate 

emissions, manual method 
[9] NS 3058-2 Enclosed wood heaters Smoke emission Part 2: Determination of particulate 

emission 
[10] British Standard 6434:1969 Recommendations for the design and testing of smoke reducing 

solid fuel burning domestic appliances  
[11] VDI 2066 Blatt 2, Measurement of Particulate Matter, Manual Dust Measurement in Flowing 

Gases, Gravimetric Determination of Dust Load, Tubular Filter Devices (4 m3/h, 12 m3/h) 
[12] EN 13284-1, Stationary Source Emission – Determination of low range mass concentration of 

dust – Part 1: Manual gravimetric method 
[13] VDI 2066 Blatt 5, Particulate Matter Measurement, Dust Measurement in Flowing Gases, 

Particle Size Selective Measurement by Impaction Method – Cascade Impactor 

[14] EN 303-5, Heating boilers – Part 5: Heating boilers for solid fuels, hand and automatically 
stocked, nominal heat output of up to 300 kW – Terminology, requirements, testing and 
marking 

[15] MEL 02: Danish Environmental Agency Guideline, Måling af emissioner til luften, 
Bestemmelse af koncentrationen af total partikulært materiale i strømmende gas 

[16] ISO 9096 Stationary source emissions – Determination of concentration and mass flow rate of 
particulate material in gas-carrying ducts – Manual gravimetric method 

[17] ISO 10155 Stationary source emissions – Automated monitoring of mass concentrations of 
particles – Performance characteristics, test methods and specifications 

[18] http://www.groentansvar.dk/ (December 2006) 
[19] Palmgren, F., Glasius, M., Wåhlin, P., Ketzel, M., Berkowics, R., Solvang Jensen, S., 

Winther, M., Boll Illerup, J., Skou Andersen, M., Hertel, O., Vinzents, P. S., Möller, P., 
Sörensen, M., Knudsen, L. E., Schibe, B., Jovanovic Andersen, Z., Hermansen, M., Scheike, 
T., Stage, M., Bisgaard, H., Loft, S., Lohse, C., Alstrup Jensen, K., Kofoed-Sörensen, V., and 
Clausen, P-A. Luftforurening med partikler i Danmark, Rapport för Miljöprojekt Nr 1021, 
Miljöministeriet Danmark, 2005 

[20] Glasius, M., Vikelsoe, J., Bossi, R., Vibeke Andersen, H., Holst, J., Johansen, E., Ascleicher, 
O. Dioxin, PAH og partikler fra braendeovne, Arbejdsrapport fra DMU, nr 212, 2005 
http://www.tekes.fi/fine/ (December 2006) [21] 
http://www.itm.su.se/bhm/ (December 2006) [22] 

[23] Austrian method for dust, Article 15a 

 14

http://www.groentansvar.dk/
http://www.tekes.fi/fine/
http://www.itm.su.se/bhm/


 

Appendix 1 –Invitation to the work-shop 

Nordic work-shop on particle measurement at 

testing of residential wood stoves 
 
 

25-26 October 2006 at SP Swedish National Testing and Research Institute 
 

Financial support from the Nordic Council of Ministers, working-group sea and air 
 

           
 

 
VTT, DTI and SINTEF are invited to a Nordic work-shop on particle measurement at testing of 
residential wood stoves. The purpose of the work-shop is to exchange experiences from different kinds 
of particle measurements methods, and discuss the Nordic implementation of the new coming 
measurement-method in the CEN-standard developed within CEN/TC 295 WG5. The measurement 
methods applied and situation within each country will be discussed. Possible experimental research 
needs will be identified as well as the information need of the manufacturers and sellers. 
 
Each country is invited to participate with maximum 4 persons. The participants might also be from 
other organisations than those specified. It is up to the invited institutions/companies to decide and to 
circulate this invitation to selected persons within each country.  
 
Please register your participation in this work-shop to Linda Johansson at SP, tel:  
+46 33 16 55 01 or e-mail: linda.johansson@sp.se  Deadline for registration: 6 October 2006 
 
Preliminary agenda 
 

25 October 
 
11:00 Start. Presentations of the participants  
 Background information (SP) 
12:00 Lunch 
13:00 Presentations of the current situation in each country (15 min per country + discussion) 
14:30 Coffee 
14:45 A tour at the SP Energy Technology laboratory 
15:15 Nordic input on the draft CEN-standard for particle measurements  
16:30 End of first day 

 
 

26 October 
 
08:30 Experimental research needs on particle measurements 
9:30 Coffee 
9:45 Information needs of Nordic manufacturers and sellers of residential combustion devices 
10:30 New common questions and activities 
11:30 Summary of the work-shop 
12:00 Lunch 
13:00 End of the work-shop 

 

 



 

 



 

Appendix 2 –Minutes from the work-shop 

Minutes from Nordic work-shop on particle measurement at                  
testing of residential wood stoves, 25-26 October at SP 

 
           
Participants  
 
Kim Winther and Uwe Zielke, Danish Technological institute, Denmark 
Heikki Oravainen and Raili Taipale, VTT, Finland 
Jarkko Tissari, University of Kuopio, Finland 
Asbjörn Östnor, Sintef, Norway 
Lennart Gustavsson, Henrik Persson and Linda Johansson, Sweden 
 
 
Summary 
 

1. The current situations in each country were presented according to overhead-slides attached. 
2. The preliminary draft of EN TS on particulate emission test method, CEN/TC 295/WG5 N 

070/2006 was discussed. Nordic input on the draft was sent to the working group. This input is 
attached. 

3. Research needs identified: 
a. Investigate possibilities to apply the particulate emission measurement suggested in 

CEN/TC 295 WG5 N70/2006 on residential solid fuel boilers EN 303-5 
b. Investigate the need for a pre-cyclone (PM10 or PM2.5), for different solid fuels and 

different burn rates 
c. Investigate the state of cleanliness of the dilution tunnel and the PM measured on 

blank filter 
d. Compare particulate emission measured in dilution tunnel with particulate emission 

measured by dilution of raw flue gas through porous tube 
e. Parallell measurements of particulate matter 

-13284-1 
-VDI2066 in stack 
-NS3058, part 1 and 2, for fuel charge according to EN13240 
-DIN standard? 70 ºC 
Bio keymark, investigate the interest of manufacturers? 

 
            How proceed? 
              -Every country looks for national financing. 
              -Nordic (Nice, Nordic Council of Ministers Energy, Nordic Council of Ministers, Sea  
                and Air,… (Responsible: Lennart Gustavsson, Linda Johansson) 
              -EU (Responsible: Heikki Oravainen) 
 

4. Common question and activities 
a. Send Nordic comments on Preliminary draft of EN TS on particulate emission test 

method to Christian Gaegauf and Monica Benzi (CEN/TC 295/WG 5 N 70/2006). 
(Responsible Linda Johansson) 

b. Harmonize or revise EN 303-5. Within TC 57. Next meeting is expected spring 2007. 
Make a letter to raise the question in the Nordic countries. (Responsible: Kim 
Winther) 

 

 



 

 



 

Appendix 3 -Presentation of the current situation in Denmark 
 

  
  

  
  

  
  

  

 



 

  

  
  

  
  

  
  

 
 

 



 

Appendix 4 -Presentations of the current situation in Finland 
 

  
  

  
  

  
  

 



 

  

  
  
  
  
  

  
  

 



 

  
  

  
  

  
  

  
  

 



 

 
 

 



 

Appendix 5 -Presentation of the current situation in Norway 
 

  
  

  
  

  
  
 
 
 
 
 
 
 

 

 
 
 
 

 



 

 
 
 
 

  
  

 
 

 



 

Appendix 6 -Presentation of the current situation in Sweden 
 

  
  

  
  

  
  
 
 
 
 
 
 
 

 

 
 
 
 

 



 

 
 

 
 

  
  

 
 

 



 

Appendix 7 – Summary of Danish projects on health effects from wood   
smoke financed by the Danish EPA 

 
• Review-studie af den videnskabelige litteratur om sundhedseffekter af forurening fra 

brænderøg, herunder særligt partikler. Gennemføres af Danmarks Fødevareforskning. Budget 
ca. 200.000 kr.  

 
• Toksikologiske effekter af brænderøg (in vitro studier = i reagensglas). Gennemføres 

af Afdeling for Miljø- og Arbejdsmedicin, Institut for Folkesundhedsvidenskab, Københavns 
Universitet. Budget ca. 150.000 kr. 

 
• Toksikologiske effekter af brænderøg (in vivo studier = i dyremodeller). Gennemføres 

af Afdeling for Miljø- og Arbejdsmedicin, Institut for Folkesundhedsvidenskab, Københavns 
Universitet. Budget ca. 350.000 kr. Forventes igangsat i 2007.  

 
• Nye målinger af luftforurening i brændeovnskvarterer og fra skorsten, samt forbedret 

kortlægning af eksponering med brændeovnsrøg. Gennemføres af DMU, Afdeling for 
Atmosfærisk Miljø. Budget ca. 1 mio. kr.  

 
• Forbedrede emissionsopgørelser og vurdering af tiltag til reduktion af emissioner fra 

brændeovne og -kedler. Gennemføres af DMU, Afdeling for Systemanalyse med input fra 
Teknologisk Institut og Miljøstyrelsen. Budget ca. 400.000 kr.  

 
• Vurdering af omfanget af dårlige skorstene fra private brændeovne og -kedler, regelgrundlag 

og løsningsmuligheder. Gennemføres af Force Technology. Budget ca. 200.000 kr.  

 



 

 



 

Appendix 8 – Preliminary draft of particulate emission test method 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

Appendix 9 – Nordic input on the draft of particulate emission test method 
 
Nordic input on the preliminary draft of EN TS on particulate emission test method –
CEN/TC 295/WG5 N 70/2006 
 
Kim Winther and Uwe Zielke, Danish Technological institute, Denmark 
Heikki Oravainen and Raili Taipale, VTT, Finland 
Jarkko Tissari, University of Kuopio, Finland 
Asbjörn Östnor, Sintef, Norway 
Lennart Gustavsson, Henrik Persson and Linda Johansson, Sweden 
 
Borås, Sweden 26 October 2006 
 
 
Specific remarks 
 
1 Introduction, line 2: Change “total suspended particulates” to “PM10 (Particulate Matter less than 10 µm) 
 
4.4. Add “Particulate matter = Solid and condensible matter” 
 
4.4 and 4.5. Add units. 
 
4.5. Change “material” to “matter” 
 
5.2.2.3 and 6.1.2.7.  The filter holder temperature should be between 20 ºC and 35 ºC. (It is not necessary to heat 
it.) The filter holder shall be made of stainless steel or polytetrafluorethylene (PTFE). 
 
6.1.2.1. The filters should be weighted to the nearest 0.1 mg (not 0.01 mg). 
 
7.4 Equation 8: Change places of numerator and denominator 
 
7.9 and 7.10 seem to have the same content 
 
 
 
General remarks 
 

• Blank test prior to measurements is suggested. Particulate matter sampled on blank filters should not 
exceed 1mg/h. Gas velocity 5.5 m/s is suggested during blank tests. 

• Measurements of gas emissions are to be performed with forced draught according to standard. The 
experimental set-up in figure 1 means problems with keeping the draught constant simultaneously with 
constant volume flow in the dilution tunnel. => Gas emissions and particulate emissions need to be 
performed separately. 

• Particles might be lost in the sampling system. Especially particles larger than 10 µm might be lost to a 
high degree through inertial deposition. Pre-cyclone with a cut-off at 10 µm might be a solution, but it 
needs more work to define a pre-cyclone, because cut-size depends on flow velocity, which is not fixed 
in the method. 

• High burn rates (e.g typically 4-10 kg dry fuel per hour in Finland) require a very powerful fan. We 
suggest that a larger diameter (than 150 mm) of the dilution tunnel is used in these cases 

• Emission should be stated as [mg particulate matter per kg dry fuel supplied] or [mg particulate matter 
per MJ fuel supplied]. If particulate concentration per m3 is needed this may by calculated from burn 
rate if combustion is good. However if combustion is poor, it is necessary to use dilution ratio. In this 
case using CO2 may be a problem due to limited accuracy of analyzers below 1% CO2, and it should be 
allowed to use a CO measurement instead since this is often more accurate. However special attention 
should be given in case of to unstable CO values. 

• Add in the Scope: This method applies to fuel loads set in other national standards as well. 
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