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Summary

Biomass r oom heating appliances are th e most commonly used technology for providing renewable heat in
residential buildings. They are categorized in different technologies by harmonized European standar  ds (e.g.

firewood roomheaters I EN 13240, insets and open fireplaces T EN 13229, biomass cookers i EN 12815,
slow heat release appliances i EN 15250). Those standards contain specific testing procedures which aim to
guarantee a minimum emission and efficiency performance as well as safe operation for the end -user. Each

type of product hasto bet ested obligatorily before market introduction.

For firewood roomheaters , which represent the majority of the stock of the room heating appliances

installed in the field as well as in numbers of yearly sold products, the official type test (0TT) method is
defined in the standard EN 13240 . The testing procedure evaluates the stove performance regarding
emissions and thermal efficiency only under well -defined conditions. This enables a high reliability of test
results, but leads to test results which are usually out of reach in real-life operation . However, since
emission limit values (ELV  s) are correlated with the oTT method , technological development focuses on
achieving the best oTT results instead o f customer needs . That is for example robust real -life per formance
with high efficiency,  low emissions and a low error -proneness .

The situation of air pollution in correlation to stove performances was critically evaluated in many studies.

As a consequence the  ELVs of oTT results were tightened in the last years in many European countries. In
the year 2022, the ELVs of the new ecodesign and e colabelling directive will come into force and will set a
general benchmark regarding emissions and efficiency. However, also those ELV s focus on the testing
procedure of the  EN standard s. Therefore , it can be assumed that the effect of meliorating air pollution will
still be limited.

In this study  an overview of the most important test methods worldwide is presented. The major differences
regarding the testing procedure and a pplied measuring methods are presented . In different scientific studies

test protocols which should better reflect real -life operation were applied, for example to investigate
emission factors for different stove technologies. In this study those test proc edures (e.g. the beReal test
protocol) are presented and the emission and efficiency results are compared with oTT results, results of
field tests and proposed emission factors.

The comparison of field test results showed by tendency a technological improv ement of firewood stoves
over the last decades . But in comparison with oTT results improvements  are significantly higher.
Furthermore, r etests of serial -production stoves according to the EN 13240 standard showed much higher
emissions and lower efficiency results compared to oTT results of the respective stove model s. The beReal
test concept showed a good conformity of test results in the lab compared to test results in the field.

However, the thermal efficiency is still overestimated by the test stand resu Its compared to field test results.

Comparing the field test results of advanced stoves with the proposed emission factors a good conformity
for CO and PM emissions is evident. However, for OGC emissions it seems that the EEA  (European
Environment Agency)  emission factor  for advanced stoves is too high (by a factorof2 ).

Concluding, a n implementation of a real-life reflecting test protocol (e.g. beReal) as a quality label or
standard should be considered as an instrument to push technological development f urther towards
optimized real -life operation . Additionally, this would also enable a better differentiation of good and poor
products for the end customer regarding typical real -life use .

The utilization of  a real -life oriented test protocol (e.g. the beR eal test protocol ) for determination of
emission factors seems possible, but needs further investigations. The standardized measurement of
emission factors according to a suitable test concept could be used for a regular update of emission
inventories.



Key Findings

Testing conditions of current European standards (EN) evaluating emissions and thermal efficiency of
firewood room heating appliances are well controlled and provide the basis for optimal test results for the
tested appliance

A major difference of the EN type test standards compared to international standards is that in most cases

only nominal load is evaluated whereas for example Canadian or US test protocols evaluate the performance

of the appliances at several load settings. A further essenti al difference is the definition of how much fuel is
used for one batch. According to several international standards the combustion chamber volume defines

the mass of wood whereas according to the EN standard the fuel mass ¢ an be defined by the manufacture r.

Comparing the different test protocols t here are three fundamental different approaches for measuring
particulate matter emissions (PM):

1 Sampling of particles on a heated filter in hot and undiluted flue gas
1 Sampling of particles on a filter in cold an d diluted flue gas

1  Sampling of particles with an electrostatic precipitator in cold and diluted flue gas

For these three methods there are di fferent ELVs defined in the e codesign requirements. It can be assumed

that this could result in an impossibility of comparability of test results. There is a need to define a
commonly used PM measurement method in Europe which is currently developed.
The comparison of field test results showed a tendency of technological improvement of firewood stoves

over the last dec ades.

Comparing the field test results of advanced stoves with the proposed emission factors it seems that the
emission factor proposed by the European Environment Agency (EEA) for OGC emissions of  advanced stoves
istoo high (byafactorof2 ).

The compar ison of official type test (oTT) results with field tests confirmed that typical real -life heating
operation result s in significantly higher e missions and lower efficiencies.

The oTT results were not reproducible with serial -production stoves in comprehen sive lab tests . The
implementation of a market surveillance concept is suggested as an effective measure to guarantee a
constant product quality of sold devices.

The new ecodesign requirements will set an equal benchmark for new stove technologies all over Europe.
However, the effect towards improving the real -life situation is limited since the new requirements still refer
to the official type test results.

Real-life oriented test concepts (e.g. beReal) are capable to better reflect real -life performance o f the
appliances compared to existing EN standards. An implementation of a real -life oriented test protocol as a
quality label or standard should be considered as an instrument to push technological development towards

optimized real -life operation and to enable a better differentiation of good and poor products for the end
customer.

The utilization of a real -life oriented test protocol (e.g. the beReal test protocol) for determination of
emission factors seems possible, but needs further investigations. A standardized measurement of emission
factors according to a suitable test concept could be used for a regular update of immission inventories and
to update and evaluate the progress of technological development



1 Introduction

Harmonized European standards (EN) for type testing, which evaluate the combustion performance of new
products before market introduction, have clearly driven the technological development of biomass small -
scale heating appliances towards low emissions and high efficiency in the lastde  cades [1] .

In general, testing of new products shall guarantee a minimum of product quality concerning operation
performance and safety aspects. Testing conditio ns and procedures shall be well -defined and transparent in
order t o offer equal opportunities for manufacturers.

In real -life operation efficiency and emissions depend on the whole heating system which can be categoriz ed
in the three main components i the appliance, the chimney and the user (Figure 1).
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Figure 1: Components fora h eating sys temof firewood stoveinreal -life operation

The official type test (oTT) methods for firewood stoves , as defined by the EN standards (see 2.1.5),
typically evaluate the appliance performance only at nominal load . However, t he ignition of the first fuel
batch and the heating -up of the stove is not considered, except for the testing procedure for slow heat

release appliances (EN 15250 ). Gene rally, ignition, different loads, load changes and the cooling down phase
are not included in the evaluation of EN test protocols. Consequently, testing according to EN test protocols

in a nearly steady -state operation mode and thermal equilibrium leads to best possible emission and
efficiency results and should be highly repeatable. However, operating conditions referring to typical user
behaviour and transient conditions, like ignition, heating -up and cooling down , which occur in each heating

operation in  real -life , are not evaluated.

This leads to oTT results of low emissions and a high thermal efficiency. However, those results are never
reached during real-life operation [2] [3] . In addition, the differentiation of product qualities concerning
emissions and thermal efficiency which refer mainly to transient operating conditions and user related
aspects is poor. Consequently, customers have insufficient information about real -life p erformance for their
buying decision. Furthermore, legal authorities cannot ensure the desired effect of reduced emissions and
increased efficiency in the field by tightening emission limit values ( ELVs) which refers to oTT results



Consequently, thereis  a need to find suitable  test concepts which evaluate firewood stoves closer to real - life
operation in order to support low emission and high efficiency  technologies , not only on the test stand under
well controlled steady -state conditions , butalso during typical daily heating operation.

The objective of this study is to provide an overview of the most relevant international and European
standards and to compare the test procedures regarding important  differences. Further more, new test
concepts for firewoo d stoves are presented which aim at an evaluation of real -life performance of the
appliances. The real -life relevance is evaluated by comparing lab test with  field test results. Furthermore, an
evaluation of real -life relevance by comparing those data with proposed emission factors is conducted.

The main focus of th is study refers to  biomass roomheaters, which are tested according to the standard EN
13240 . They represent the majority of biomass room heating appliances in the field and are also the most

freq uently sold type of  firewood stove in Europe [4] [5] . Pellet stoves are not included in this study.



2 Testing of appliances

2.1 Overview of existing test standards

In the following chapter an overview o f existing International and European standards for type testing of
firewood stoves is presented. The findings are based on reviewing the standards itself or reviewing available
literature about the standards.

In detail, t he research focused on following p arameters:

Fuel characteristics ( e.g. fuel species, fuel dimensions, moisture content of fuel)

Operating conditions (e.g. draught conditions, room temperatures)

Testing procedure ( e.g. fuelload s, fuel charge, burn rates)

Measurement methods evaluating emissions and efficiency (e.g. PM measurement, thermal
efficiency determination)

> > > >

2.1.1 International draft/DIS 13336

For this international draft [6] a comparative study was done in 1999 by GAEGAUF & MACQUAT [7] . In the
frame of this study the ISO/DIS 13336 was compared with the CEN /prEN 13240:1998. Therefore , the test
facility was established according to the ISO/DIS 13336 standard using a calorimeter room and a full flow
dilution tunnel for efficiency and e mission determination. Additionally , @ measurement section for emission
and efficiency determination according to the prEN 13240 standard was integrated in the test facility.

Figure 2 presents the tes tfacility acc ording to ISO/DIS 13336 standard.
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Figure 2: Test facility according to the draft version of ISO/DIS 13336 standard.
Source: GAEGAUF & MARCQUAT [7]



The main characteristics of the testing procedure of ISO/DIS 13336 are:

A Calculation of the fuel mass according to the volum e of the combustion chamber (20 % of the
available combustion chamber volume is load ed)
A Firewood without bark is used
A Testing is st arted after an ignition batch when the mass of basic fi rebed is 25 wt.-% of first fuel
batch
A Testofthree burnratesu  sing three batches for each burn rate
0 Minimum burn rate T Adjustment with damper settings after 20 wt. -% of batch mass is
consumed
Maximum burnrate 7 No change of damper settings
Medium burn rate 7 Adjustment with damper settings after 20 wt. -% of batch mass is
consumed

A Direct efficiency determination via the released heat to surroundings using a calorimeter room
A Natural draft conditions induced by a chimney with atotal heightof4.6 m
A Emissi on measurements  are carried out in diluted flue gas (CO, TSP)

The comparative study of GAEGAUF & MACQUAT showed similar results of both methods (ISO/DIS 13336

and CEN/prEN 13240) regarding emissions and efficiency. However , the testing  according to DIS/ISO 13336
costs nearly twice as much as th e testing according to CEN/prEN 13240 standard [7] . Accordingto GRAS et
al. the draft of this standard was not ratified 8] .

2.1.2 Australian/ New Zealand Standards

For type testing of firewood room heating appliances according to the Australian/ New Zealand standards
three standards are relevant:

A AS/INZS 4012:1999: Domestic solid fuel burning appliances i Method for determination of power
output and efficiency  [9]

A AS/NZS 4013:1999: Domestic solid fuel burning appliances i Method for determination of flue gas
emission [10]

A AS/NZS 4014:1999: Domestic solid fuel burning appliances I Testfuels [11]

0 4014.1 -Hardwood
o 4014.2 -Softwood

The test method s as well as the test procedure s of the Australian/ N ew Zealand standards correspond
predominantly to the draft of the ISO/DIS 13336 standard. The test method s apply to domestic solid fuel
burnin g appliances including two types of technology:

1. Space -heating appliances
2. Space -heating appliances that include water -heating devices

The standards do neither apply to masonry, central heating, cooking appliances nor appliances intended
solely for wat er heating.

The main characteristics of the testing procedure of AS/NZS 4012:1999 are:

A Calculation of the fuel mass according to the volume of the combustion chamber (16 5% of
available combustion chamber volume is defined as fAtest fueloload nominal vo
A Firewood without bark is used (hardwood & softwood allowed)
0 Length of firewood pieces calculated according to the firebox dimensions

o Cross section of each  firewood piece is defined (> 75 mm & <110 mm)
0 Number of firewood pieces has to be calculated acco rding to the combustion chamber
dimensions



A Testing is s tarted after an ignition batch. The basic firebed has to be between 24 wt. -% to 26 wt. -%
of first fuel batch
A Test of three burn rates using (at least) three batches for each burn rate
0 Low burn rate i Adjustment with da mper settings after 20 wt.-% of batch mass is
consumed
High burnrate 7 No change of damper settings, damper settings are fully open
Medium burn rate - Adjustmen t with damper settings after 20 wt.-% of batch mass is
consumed
Consecutive tests for each burnrate  are not obligatory
A test batch is terminated when mass balance is reached (fuel load is consumed to within + 0.5 wt. -
% of the test fuel load)
Direct efficiency determination via the released heat to surroundings using a calorimeter r oom
Natural draft conditions induced by an effective chimney height of 4.6 m
Particulate e mission me asurements in diluted flue gas

> >

> > >

Figure 2 shows the test facility according to AS/NZ 4013:1999.
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Figure 3: Scheme of test facility according to AS/NZS 4013:1999.
Source: GRAS etal. [8]
The requirements regarding maximum allowable parti culate emission factors are 4.0 g/kg e for appliances

without a catalytic com bustor and 2.25 g/kg e for appliances with a catalytic combustor.



2.1.3  British recommendations for testing

The relevant document for testing of biomass room heating appliances regarding PM emissions  in Great
Britain is the PD 6434 i fiRecommendations for the Design and the Testing of Smoke Reducing Solid Fuel
Burning Domestic Appliances 0[12] . PD 6434 adopts the BS 3841 -1:1994 and BS 3841 -2:1994 for
fiDetermination of smoke emission from manufactured solid fuels for domesti cuseo0[13] .

The testing is done at several burn rates i high, medium and low burn rates . The appliance is operated
according to the specifications given by the manual of the manufacturer. Also some tests under off -
specification  condi tions according to the PD 6434 are performed (e.g. combustion chamber door is left ajar).

For the measurement of particulate matter emissions an electrostatic precipitator is used. Additionally , the
optical density of the smoke is also monitored by a suita ble measurement device, working across the

chimney. Figure 4 shows the construction of the electrostatic precipitator.

4 Flue Gas to Atmosphers

Figure 4: Cross section of the electrostatic precipitator

Source: G ASTEC at CRE Ltd . (LOT15) [14]

For testing five repetitive tests are performed at each burn rate. The thermal heat output of the appliance
over each test period is determined and the average is reported in kW. The particulate m atter emissions are
calculated by the mass of the collected particles. For this the precipitator is weigh ed on a suitable balance at
the beginning and at the end of each test period.

The particulate matter emission is expressed in grams per hour over the duration of the test period. The
mean result of replicate measurements is compared with the maximum emission limit of 5 g/h.

Additionally to the limits of the particulate emissions the optical density of the smoke, as recorded
throughout each test, is exam ined to check to be within acceptable limits. The emissions over short periods

10



(e.g. times of refuelling or de -ashing) should not reach unacceptable high levels. However, if the tests
confirm that the appliance can operate continuously without undue troubl e to the user then ignition smoke is
ignored [14] .

2.1.4 Canadian Standard

The Canadian testing procedure of biomass room heating a ppliances is defined in the CSA B415.1 -10:2010
st an d a Pedformarite Testing of solid -fuel-burning he ating appli ances ¢ [15] . This standard defines the
determination of the heat output , the m easurement of emissions and efficiency  and the m easurement of the

flue gas flow rates

The CSA B415.1 -10:2010 standard applies to manually and automatically fuelled stoves and fireplace inserts

with a burn  rate less than 5 kg/h. The CSA B415.1 -10:2010 applies also to hydronic heaters and furnaces
below 150 kW output. Not included in this standard are site -built masonry fireplaces and heaters as well as
factory built fireplaces with a minimum burn rate greater than or equal to 5 kg/h. The CSA B415.1 -10.2010
is consistent to the test method US EPA Method 28, PM test method 5G. This means that particulate
emissions are determined by the use of a full flow dilution tunnel.  The test scheme facility is presented in
Figure 5.
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Figure 5: Scheme of test facility for solid -burning appliances according to CSA B415 -1:2010

Source: CSA B415 -1:2010 [15]

The PM sampling is done over the whole batch duration of the single burn rate categories. The appliances
are tested in four different burn rates defined either in kg/h or in percent of nominal heat load. At least o ne
test in each category/ burn rate has to be performed:

11
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Category 2: O
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Category 3:  53% to 76
Category 4: 100 % (nominal load)

Category 1: < 35 % of nominal load

35 % a n d% ddnomiBal load

% of nominal load

A test run starts after an ignition and preheating period. The burn rate is adjusted by the air supply settings.
As test fuel either squared Douglas timb

the volume of the combustion chamber

162 kg/m3, for squared Douglas timber
must be in a range betw een 18% and 28 % (dry basis). Figure 6 presents the specifications of the used

firewood.

er or firewood pieces  are used . The fuel load is defined according to
and fuel density . For firewood the fuel density is defined at
at 112 + 11.2 kg/m3. The moisture content of the used firewood

/406 610 mm
/ _(16-24in)

Cross-section of piece,

mm (in) Minimum Maximum

Firebox volume, weight of weight of 80% piece weight  Number
m? (ft3) Minimum Maximum picce, kg (Ib)  picce, kg (Ib)  range, kg (1b) of picces
<0.11(<4) 51 () 152 (6) 1(2.2) 6(13.2) 1.5-5 (3-11) 4-7
:0.11and < 0.28 64 (2.5) 203 (8) 2(4.49) 8(17.6) 3-7 (6.7-15.5) 5-10
(>4 and < 10)

»0.28and < 0.56 76 (3) 254 (10) 3(6.7) 10 (22) 4-9 (9-20) 8-15
(> 10 and < 20)

0.56 (> 20) 76 (3) 305(12) 49 12(27) 4-10 (9-22) >12

Figure 6: Dimensions and specifications of firewood used as te st fuel

Source: CSA B415 -1:2010 [15]

In addition to  the room and flue gas temperature also several temperatures on the surface of the appliance
are measured. The flue gas concentrations of CO and CO » are measured over the whole test cycle.

The average PM emissions of

the complete test are requi r e d.5 g/hb forbagpliattes without a

catalyst. For appliances equipped with a catalys t the PM emissi on?25 d¢h The calcuatiob & O
the average emissions is done according to a specific calculation method including the combus tion tests of

all burn rate categories.

Additionally

, the average CO emissions and the average efficiency including all tests

are calculated. However, there are no limits set for CO as well as for the efficiency according to CSA B415.1 -

10:2010.
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2.1.5 European Standards

The European EN standards are documents that have been ratified by the respective European standard
organization. For biomass room heating appliances the EN standards are elaborated by the technical
committee (TC) 295 of the European committee f or standardization (CEN TC 295). There are several
harmonized European standards for biomass room heating appliances that are operated with firewood:

A EN 13240 : Roombheaters fired by solid fuel I Requirements and test methods [16]

A EN 12815 : Residential cookers fired by solid fuel I Requirements and test methods [17]

A EN 15250 : Slow heatrelease appliances fired by solid fuel T Requirements and test
methods [18]

A EN 13229 : Inset appliances including open fires fired by solid fuel i Requirements and test
methods [19]

A EN 15821 : Multi -firing sauna stoves fired by natural wood logs i Requirements and test

methods [20]

These EN product standards include requirements concerning the design, manufacturing, construction,
performance (efficiency and CO emissions), safety, use instructions and identification. They also provide

methods for appliance type testing evaluating emi ssions and thermal efficiency . The testing conditions as
well as the requirements for test fuels are defined in these standards.

With the exception of s low heat release appliances (EN 15250) and sauna stoves (EN  15821) the
performance testing is done after an ignition and preheating period of at least two batches. The tested
appliance is representative for the current as well as for future products with identical construction. No

significant changes  at the respective stove model are allowed after type testi ng. For testing two or three test
batches are necessary. As fuel firewood is used with mois ture content between 12% and 20 % of mass . For
safety aspects relevant temperatures at the surface of the appliance are measured (e.g. at the handle of the

door, temp eratures at the wood storage space). The efficiency is determined indirectly by calculation of the

thermal and chemical flue gas losses. The flue gas temperature used for indirect efficiency determination is
measured by using a suction pyrometer. Additiona lly CO and O ,/ CO, are measured. According to the EN
standards only minimum requirements respecting CO emissions and efficiency are defined. However, more

stringent CO emission and efficiency limits as well as emission limit values regarding organic gaseou s carbon
(OGC), PM and nitrogen oxides ( NOy) of the EU M ember States have to be taken into account.

In some cases national limits require testing of emissions and thermal efficiency at part load operation *.
Generally, specific requirements which are not p art of the harmonized EN standards are defined in national
prefaces. In the following , the most relevant characteristics of performance testing procedure according to
the respective EN standards for firewood room heating appliances are listed .

! Part load is only considered by national amendments, e.g. Austria requires measurements in part load which means at a maximum load of 50% of nominal load.

13



Testing Pr  ocedure of EN 13240:

A Constantly controlled flue gas draught of 12 + 2 Pa
A Three test batches at nominal load (number of test batches is not limited; no consecutive test batches
required)
A Start and stop of test batches at basic firebed (constant mass + 50 g)
A Duration and requirements of test batch:
0 Intermittent  burning appliance: at least 45 minutes
o Continuous burning appliance: at least 90 minutes

0 No adjustment of combustion air supply
o Difference of thermal heat o utput between the test batches < 10%
A Temperat ure measurements in the flue gas pipe with a suction pyrometer and surrounding temperature

measurements atthet  est corner (wall, floor, bottom), room , wood storage tank  and handle

A Emission requirements: CO <1 vol. -%

A Thermal efficiency requirements: O 50%

Testing Procedure of EN 13229

A Constantly controlled flue gas draught of 12 + 2 Pa

A Two test batches at nominal load (number of test batches is not limited; no consecutive test batches
required)

A Start and stop of test batches at basic firebed (constan tmass+ 50 Q)

A Duration and requirements of test batch:
0 Intermediate burning appliance at least 45  minutes
0 Continuo us burning appliance: at least 60 minutes
0 Insets of tiled stoves: at least 70 to maximum 90 minutes
0 No adjustment of combustion air supply

o Difference of thermal heat ou tput between the test batches < 10%
A Temperature measurements in the flue gas pipe with a suction pyrometer and surrounding temperature
measurements at the test corner (wall, floor, bottom), room , wood storage tank and handle

A Emis sion requirements:

0 InsetsCO< 1vol.-%

0 Insets of tiled stoves < 0.2 vol.-%
A Thermal efficiency requirements:

0 I nsetsdw O

o Insets of tils8d stoves O
Testing Procedure of EN 12815
A Constantly controlled flue gas draught of 12 + 2 Pa
A Two test batches at  nominalload (number of test batches is not limited; no consecutive test batches
required)
A Start and stop of test batches at basic firebed (constant mass + 50 g)

A Duration and requirements of test batch:
0 Atleast60 minutes

0 no adjustment of combustion air s upply
o Difference of thermal heat ou tput between the test batches < 10%
A Temperature measurements in the flue gas pipe with a suction pyrometer and surrounding temperature
measurements at the test corner (wall, floor, bottom), room , wood storage tank and handle
A Emission requirements: CO < 1 vol. -%
A Thermal efficiency requirements: O 60%
Testing Procedure of EN 15250
A Constantly controlled flue gas draught of 12 + 2 Pa

A First fuel ba tch used for performance testin
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A Second fuel batch used for efficiency determin ation

A Start of test batches from cold conditions (no ignition and preheating)

A Stop of test batch when CO  , of flue gas measurements corresponds either to 4 vol. -% CO, or 25% of
the maximum  CO; peak of test batch ~ (parameter which occurs later is valid)

A Duration of test batch:

0 Until the average envelope temperatures decreased to 50% of maximum surface temperature S
( &4h); temperatures  are measured on the surface of the envelope of the appliance
0 Ignition acco rding to manual or by using 500 g/ 10% of complete batch mass
A Temperature measurements in the flue gas pipe with a suction pyrometer (f lue gas temperature: <

140 °C to 160°C ) and surrounding temperature measurements at the test corner (wall, floor, bottom),
room , wood storage tank  and operating devices

A Emission requirements: CO < 0.3 vol.-%

A Thermal efficiency requirements: O 70% (at least two burn cycles)

Testin g Procedure of EN 15821

A Constantly controlled flue gas draught of 12 + 2 Pa
A Number of test seriesa  ccording to manual, 90°C are necessary in the sauna
A Start of test batches from cold conditions (no ignition and preheating)
A Stop of test batches at CO  , content of 4.0 vol.-% after performance of the number of test batches as
specified in the manual
A Duration and requirements of test batch:
0 Atleast 30 minutes,
o Defined sauna room have to be heated up to 90°C
A Temperature measurements in the flue gas pipe wi th a suction pyrometer and surrounding temperature
measurements at the test corner (wall, floor, bottom ) and operating devices
A Emission requirements: CO < 1 vol. -%
A Thermal efficiency requirements: O 50% (at least two burn cycles)

prEN16510:2013

Regarding solid biomass room heating appliances new standards are under development. Currently , the new
draft version prEN16510 is published and under final preparati on. There are two parts of prEN 16510. In
part 1 general requirement s, the test methods as well as r elevant calculations are defined. In part 2 the
specifics for each type of technology are defined in single parts for each technology group.

The structur e oResidenNal sblg fudl Burningiappliances o, is as follows:
A Parti: General requirement s and test methods
A Part2-1: Roomheaters
A Part2-2: Insetappliances including open fires
A Part2-3: Cookers
A Part2-4: Independent boilers i Nominal heat output  upto50 kW
A Part2-5: Slow heat release appliances

Inthe draft of prEN 16510 -1:2013 measur ing methods for determination of OGC, NO x and PM emissions are
provided . Procedures for measuring PM emissions either in hot and undiluted or in cold and diluted flue

gases by using a full flow dilution tunnel are described. Further , a procedure for leakag e rate determination
of roomsealed appliances  is given . Referring to the testing procedure the most relevant difference compared

to the current standards is the permission for adjusting the air set tings during the first three mi nutes of a
test batch. Furth ermore, the possibility to  use a thermocouple centrally | ocated in the measuring section
instead of a suction pyrometer for flue gas temperature measurement is new.
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2.1.6  Norwegian Standards

For type testing of firewood room heating appliances according to the N orwegian Standards two standards
are relevant:

A NS 3058 (1994) i Enclosed wood heaters, Smoke emissions
Part 1:  Test facility and heating pattern [26]
o Part2: Determination of particulate emission [27]
o Part3: Determination of organic micro contaminations (PAH) [28]
o Part4: Determination of the content of carbon monoxide (CO) and carbon dioxide
(COy)inthe flue gas  [29]
A NS 3059 (1994) i Enclosed wood heaters, Smoke emissions, Requirements [30]

Solid fuel appliances are to be tested according to the Norwegian standards in four burn rate categories

(Table 1). There are two grades in the single categories of burn rates. The grade that is used for a specific

wood stove depends on the thermal output of the appliance. Stoves tested according Grade 1 can be
operated with burn rates below 0.8 kg/h whereas appliances tested in burn categories of Grade 2 achieve
the lowest burn rate be  tween 0.8 kg/hand 1.25 kg/h .

Table 1: Burnrate categories (Average burn rates in kg/h)

Burn rate Burn rate Burn rate Burn rate

category 1 category 2 category 3 category 4

Grade 1 <0.80 0.80 i 1.25 1.25 i 1.90 >1.90
Grade 2 <1.25 1.25 i 1.90 191 i 2.80 > 2.80
The mass of fuel for testing is determined according to the burning chamber volume and a specific fuel
charge density that is defined to be between 101 kg/m? and 123 kg/m3 (112 + 11 kg/m3). As test fuel air
dried squared wood of spruce has t 0 be used with dimensions of 49 x 49 mm and moisture content between
16% to 20 % of mass . The length of the firewood is derived from the obligatory fuel charge density. The
space between the single wood logs is defined at 10 mm ( Figure 7).
L 62
25 25 13

a

-

o o

Z

Figure 7: Arrangement of the standard test fuel (left) and example picture (right)
Source: left: NS 3058 -1:1994 [26] ;right: example picture: [32]
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The test runs are done from preheated wood heater. The average value of the surface temperatures may

differ up to 70°C from the start to the end of the test run, but not more. During testing the particulate
matter emissions are measured under diluted flue gas conditions. For this a test facility accordingto Figure
8 is used.

Dimensions in mm

»

\
w

/

150-200

|
|
I

3
=@300 | | =
@0 = ™
=
§ 5
CA 25 4l +—| o 7
APPROX, 25 £
2
2
= 2
2 - W

NJP\P&&
| AT
|
o
(<3

=300

Legend

1: Insulation 7: Measurement flue gas velocity

2. Chimney 8. PM & PAH measurement

3: Collection hood 9: CO- and CO, measurement

4: Appliance 11: flap valve

5. Scale

6: Baffles

Figure 8: Scheme of test facili ty according to the Norwegian testing standard NS 3058:1994 -2
Source: NS 3058:1994 -2 [27]

Based on the single measurements of each burn rate the PM emissions are calculated by a specific
calculation mode . The requirements that have to be met are given for catalyst equipped and non -catalyst

equipped wood heaters.

Table 2 shows the emission requirements for these both groups of appliances.
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Table 2: Emission requir ements of enclosed wood heaters according to the Norwegian test method

Maximum allowable Maximum weighted mean

emission for one test value

Catalyst -equipped wood 10 g/kg 5 g/kg
heaters
Non - catalyst wood heaters 20 g/kg 10 g/kg

2.1.7 United States Standards

The testing of wood stoves in the USA is done according to the requirements of the US EPA method 28 T
ACertification and Audi[33] .Mpodstbve made bheshhataatee r ccer t i f i ed 2085et t he
Standards of Perf ormance for Ne w Residential Wood Heaters, New Residential Hydronic Heaters and Forced -

Air Furnaces, Subpart AAA 0 .A US EPA certified wood heater has been independent ly tested by a US  EPA

accredited laboratory to determine if it meets the par ticulate emissi ons limit of 4.5 g/h for non -catalytic and

catalytic heaters  [34] .

The EPA Method 28 establishes standard stove operating procedures that are used to measure PM emissions

from a wood heater burning a prepared test fuel crib. Th ereby air -dried squared Douglas timber with a
moisture content of 16% to 20 % of mass is used. The fuel charge depends on the volume of the combustion
chamber and the defined fuel density of 112 + 11 kg/m3. The dimensions as well as the placement of the
test fuel are determined according to the volume of the combustion chamber and are listed in the following
aswellasin Figure 9 and Figure 10.

Figure 9: Dimensions of Spacer and test fuel, Figure 10 : Example of potential placements of the
Source: US EPA Method 28 test fuel in the combustion chamber
Source: US EPA Method 28

A Combustion chamb®p43vns:ISguared Douglas timberof2  x 4 inch (50 mm x 100 mm) is
used

A Combustion <c¢hamber0.048omwmnde O0.085 m3 Squared Douglas timber of 2 x 4 inch
(50 mm x 100 mm)and 4 x 4 inch (100 mm x 100 mm) with equal shares of mass is used

1 Combustion c¢hambe®085vms3 Squaeed Mouglas timber of 4 x 4 (100 mm x 100 mm) is
used
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