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Abstract

Different methods for the determination of the naubal durability (DU) of pellets and briquettesrave
compared by international round robin tests inalgdiifferent laboratories. The DUs of five briqeetind 26
pellet types were determined. For briquettes, differotation numbers of a prototype tumbler ardlaulated

DU index are compared. For pellets testing, thdystompares two standard methods, a tumbling device
according to ASAE S 269.4, the Lignotester accaydamONORM M 7135 and a second tumbling method with
a prototype tumbler. For the tested methods, theatbility, the reproducibility and the requirethimum
number of replications to achieve given accuravgllewere calculated. Additionally, this study exates the
relation between DU and particle density.

The results show for both pellets and briquettest, the measured DU values and their variabilieyiafluenced
by the applied method. Moreover, the variabilitytlod results depend on the biofuel itself. For teites of DU
above 90%, five replications lead to an accuracg?6f while 39 replications are needed to achievacanracy
of 10%, when briquettes of DU below 90% are tesked.pellets, the tumbling device described byABAE
standard allows to reach acceptable accuracy I1€¥éls) with a limited number of replications. Filyalfor the
tested pellets and briquettes no relation betwddrabd particle density was found.
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1. Introduction

Durability (DU) and particle density are the maargmeters describing the physical quality of déegiolid
biofuels like pellets and briquettes. Both fuelagmre susceptible to mechanical wear, which leads
production of fine particles or dust during trandptranshipment and storage. Dust emissions a@remig an
inconvenience for the consumer, they are also khhleazard [1]. Additionally, fine particles andsiican
disturb feeding systems of boilers and may leadhiomogeneous combustion processes. Finally, dagt m
contribute to fire and explosion risks during hamgll storage and transhipment [2].

Mechanical DU is a quality parameter that is defias the ability of densified biofuels to remaitaact when
handled [3]. It is measured by the resistance osified fuels towards shock or/and friction. Theref DU is an
important quality parameter with regard to handimgl transportation processes of briquettes anetpel
Particle density is another parameter, which isroomly taken as a measure of DU, e.g. high partielesity
leads to a high DU. However, as shown by ObenbergeérThek [4], this assumption is not valid.

The presented research, realised within the Europegect BioNorm, aims at providing a knowledgsibdo
the Technical Committee TC335 at CEN ("Standardsdtid biofuels™). Its main goal is therefore tentify
and to evaluate the best appropriate methods éobtlh determination of pellets and briquettes. Adyea
described methods and existing national stand@&mie sis basis.
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Table 1 Description of the selected briquettes for the @uawbin trials

Briquette code Press type Shape Raw material Country of origin
Bl Extruder . Mixed wood Belgium
o)
B2 Extruder &\ Hardwood Germany
\@

B3 Chamber @ Mixed wood Germany

B4 Piston ( z Mixed wood Spain

B5 Piston @ Softwood Austria

Table 2 Description of the selected pellets

Pellets selection 1 Pellets selection 2

Pellets Diameter (mm) Raw material Country of Pellets Diameter (mm) Raw material Country of
code origin code origin
P1 6 Mixed wood  Belgium P16 6 Mixed wood  Belgium
P2 6 Softwood Belgium P17 6 Softwood Belgium
P3 6 Hardwood Spain P18 8 Mixed wood Denmark
P4 6 Hardwood Spain P19 8 Mixed wood Denmark
P5 8 Mixed wood Denmark P20 6 Mixed wood  Germany
P6 8 Mixed wood Denmark P21 10 Straw Germany
P7 8 Mixed wood Denmark P22 6 Mixed wood  Austria
P8 6 Mixed wood Germany P23 6 Mixed wood  Austria
P9 6 Mixed wood Germany P24 6 Mixed wood  Austria
P10 9 Straw Germany P25 6 Mixed wood  Austria
P11 6 Miscanthus Germany P26 8 Spruce Finland
P12 6 Softwood Austria
P13 6 Softwood Austria
P14 8 Hay Austria
P15 9 Straw Austria

2. Material and method
2.1. Sample material

The briquettes selected for the round robin traésmade from wood and are commercially availabkaéir
country of origin. The briquette selection includes briquette types produced by extruder press B2}, one
was produced by a chamber press (B3) and two grpesses (B4, B5) (Table 1). As high moistuneteots
(MC) may influence the DU result [5], this paramat@as measured prior to the determinations in otal@void
fuel moisture contents of more than 10%.

The briquettes used in the samples were preparedtbigg at both ends to a length equivalent to tiwes the
diameter. Depending on the laboratory, the cuttiag performed by blade or band saw.

The DUs of two pellet selections (Table 2), wertedmined during these presented trials. The fektcion
included wood pellets (6 and 8 mm diameter) anécaljural residues pellets (straw, hay and Miscas}h
produced in Austria, Denmark, Germany and Spaie. §d¢tond selection included 10 wood and one straw
pellets, all commercially available in their coyntf origin (Austria, Belgium, Denmark, Finland a@e&rmany).
The first pellets selection was used for methodfaeticomparisons, while the second one was apfidied
round robin test designed for comparing the resfithe method described by ASAE S269.4 (Tumblad a
ONORM M 7135 (Pneumatic).
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The moisture contents of the pellet samples weteraéned before testing. As shown by Obernbergdridrek
[4], MC and DU are not correlated at moisture contevels below 10%. Only pellets with moisture teori
below 10% were included in the trials, in ordeatwmid the MC influencing the DU results.

2.2. Briquettes DU test

The briquette DU is estimated by using a dustprot#ting drum prototype (Fig. 1). The drum hasraerinal
diameter and a 598 mm depth (volume 1681). It ispgmpd with a baffle (200 x 598) mm, perpendictdathe
wall surface of the cylinder. In the tests, presdritere the rotation speed was fixed at 21 rpm.

A test portion of 21 sample material, from whichefiparticles had been removed, was weighed toehrest 0.1
g and placed in the drum for 105, 210, 315, 41068@rotations. After each tested rotation numtier sample
material was removed from the drum and screenedhamézally or manually for 30 s using a 40 mm metaé
cloth according to ISO 3310-1 [6]. The particlesiagning on the sieve (sieve oversizes) were weighelde
nearest 0.1 g. Both, sieve over- and undersizes wturned into the drum and the tumbling was coetil until
the subsequent tested rotation number was achigwechling, sieving and weighing procedures werdiocoed
until each sample was exposed to 630 rotations Dithevas calculated from the mass share of the sieve
oversizes to the total initial mass. The resulésgiven in percentage as the mean value of fiviicedjons.

Based on the DU result obtained for each rotatinglver, a DU curve was plotted with the number tditions
on the abscissa. From this curve a DU index waiseiéfas the ratio, in percentage, between thewaréer the
DU curve and the area related to a non-abradedrialdts.

An international round robin was conducted witteflwiquette types (Table 1), which were shippefivto

European laboratories. For the data analysis, erating number and the DU index were considereskparate
methods.

Fig. 1. Principle of the briquette durability tester.

Fig. 2. ASAE S269.4 apparatus for durability testing ofgisl
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2.3. Pellet DU test
2.3.1. Principles
2.3.1.1. The ASAE drum.

The ASAE S 269.4 standard [7] describes a tumldinjce (Fig. 2) made of a rectangular container in
aluminium or stainless steel with inner dimensioh£300 x 300 x 125) mm. In order to enforce thmalbling
effect the box is equipped with a 230 mm long leaffthich extends 50 mm into the container. Theldf
affixed symmetrically to a diagonal of one siddal# box. Rivets and screws are kept to a minimudnthey are
well rounded. The container rotates on an axisclvig centered perpendicular to the sides of the Bhe
rotation speed is fixed to 50 rpm. In the trialsd&ed here, a 500 g sample was tumbled for 5@dioos
before being sieved manually with a 3.15 mm rouolé Bieve according to ISO 3310.2 [8]. The DU is
expressed as the percentage in mass of the pelfetsning on the sieve to the total sample weilgfi.
calculated as the mean value of three replications.

2.3.2. The lignotester

The ONORM M 7135 standard [9] refers to a comménbgaice (Ligno-Tester LT 1l of Borregaard Lignotge
which exposes the pellets sample to shocks instdsta&hamber. The sample material is swirled dgfaned air
stream that induces the particles to collide agaash other and the perforated walls of the teatrber. The
test chamber has a four side pyramid form (wallsstst of a 2 mm round hole sieve), which is oritedawith
the tip downwards (Fig. 3). The inside dimensiohthe pyramid are (230 + 5) mm at the base and {126)
mm in height. For the tests described here, thesfimere removed, before testing, by sieving theplam
manually with a 3.15 mm round holes sieve [8]. AQ% 0.1) g sample is placed in the test chambfaréan
air stream of 70 mbar was blown for 60 s into #w thamber. During the treatment the abraded firees
collected as sieve undersize below the perforastdchamber. After the device has automaticallyched off,
the remaining pellets in the test chamber are reh@nd weighed. The DU is expressed as the pegeeinta
mass of the pellets remaining in the chamber tartitial sample mass. It is calculated as the medne of five
replications.

2.3.2.1. The briquette drum.

The procedure and the briquette DU tester are itbestim Section 2.2. For pellet testing, the 10@tions
period was chosen. Fines were separated by usritbamm round hole sieve [8]. The number of repilices
was set to 5.

2.3.3. Method testing
The tests performed on pellets were divided in tiwgts series related to two different pellet s&dest(Table 2).
2.3.3.1. First test series.

The aim of the first test series was to comparelt®gained by the three selected methods. Triate w
performed on the pellets of the first selectionlé8iéon 1, Table 2). Two laboratories tested thaliler
described in ASAE S269.4 (in three replicationis§ tignotester according to ONORM M7135 (in 20
replications) was tested by five laboratories ane laboratory used the briquette DU drum (five icgtions) for
determinations on pellets. Besides the differearasng the tested devices, the analysis also fodusse
differences between pellet subgroups (agricultesidues pellets, 6 and 8 mm diameter wood pehéib-DU
pellets). The high-DU pellets correspond to théhbigt DU class (DU over 97.5%) according to CEN/#S6IL
[10]. Additionally, the measured DU values were paned to the pellet particle densities.

2.3.3.2. Second test series.

The second test series was based on the restits fifst series; an international round robin teas organised
with four participating laboratories measuring Ellgt types (Selection 2, Table 2). The numbengpfications
were fixed to 5 and 10, respectively, for the ASBR69.4 and the ONORM M7135 standards. This roabihr
focussed on the DU repeatability and reproducipiiinits, and on the relation between the resulithese two
standard methods.
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2.4. Repeatability, reproducibility and number eplications

The absolute and relative repeatability and repeifwlity limits (when applicable) of the tested rhetls were
calculated following ISO 5725.1 and 2 [11]. Theuiggd minimum number of replications to achieve\eg
accuracy level is calculated following a commortista&al calculation procedure according to Dagnelio75,
vol. 2, p. 30 [12], the considered Type | and Tilperrors are, respectively, = 0.05 angb = 0.5.

2.5. Particle density

Particle density is the ratio of the sample masbitsvolume including pore volume. The volumeuf selected
pellets and briquettes was estimated using thednayymethod in liquid. This method has been shanmave a
low variability [13,14]. The method is based on frehimedes principle; the pellet sample is weighedir and
in a liquid. By knowing the liquid density the vohe of the sample can be calculated. For the detetion of
pellets, a commercially available density deterriamakit was applied while for briquette measuretsemsetup
with a below-balance weighing hanger was used.

The pellet samples had a mass of 5-8 g, the btegiatere prepared to have a length equal to twestitine
diameter.

For pellet testing a wetting agent was added tawdier in order to avoid bubbles formation andltovathe
liquid to fill voids and pores that communicatewthe surface of the pellets@ctylphenoxypolyethoxyethanol;
polyethylene glycol tert-octylphenyl ether—CAS nweni®002-93-1—trade mark Triton X-100) at a
concentration of 1.5 g/l, which leads to a liquehdity of 0.996 kg/1. In laboratory conditions, #féect of the
temperature on the liquid density was neglected.

Due to the fast disintegration of the briquette gia®in the liquid when using wetting agent, theiple density
of the selected briquettes was measured in purerwat

Fig. 3. ONORM M 7135 apparatus for durability testing eflpts.
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3. Reaults and discussion

Fig. 4 shows the results (mean values of all |ajooies and standard deviations) of the DU measuné&snéor
the five briquette types tested during the rourdreéest. The standard deviation includes the tianawithin
individual laboratories and between laboratories e&pected, the DU values decreased with an inogas
number of rotations. The figure also shows thatitdéevidual briquette type influenced the variatyil{standard
deviation) of the DU measurements. The standardéatien of the measurements increased with a langerber
of drum rotations (except B4, for which destructafrthe sample was observed).

The DU index gives a value close to the mean veddeulated for all tested rotation numbers. Needetss, the
variability of the DU index is higher than for thié5 rotation method, except for the briquette \tlid lowest
DU (B4).

Table 3 Briquettes durability testing: relative and abs@utpeatability (r and r%, mean of five laborat@je
and reproducibility limits (R and R%); minimuiequired number of replications to achieve a giaenuracy
level (N) for the given numbers of rotations anel durability index

Method re r%” R RY%" N

2% 5% 10%
105 rotations 12.3 150 334 40.9 974 156 39
210 rotations 154 219 439 62.6 6611 1058 264
315 rotations 15.9 246 405 62.7 14548 2328 582
420 rotations 16.8 279 384 63.5 18494 2959 740
630 rotations 18.3 336 37.1 68.2 24148 3864 966
Durability Index 129 18.8 33.8 49.3 2114 338 85

@Absolute values (%).
PRelative values (% of DU).

Table 4 Briquettes durability testing: relative and abs@utpeatability (r and r%, mean of five laborat@je
and reproducibility limits (R and R%); minimwequired number of replications to achieve a giaenuracy
level (N) for 105 rotations and briquettes above &elow durability of 90%

Briquette durability 105 rotations method
ro r%"° R R% N
2% 5% 10%
DU > 90% 18.8 31.8 52.6 89.2 974 156 39
DU < 90% 3.9 4.1 4.6 4.7 5 1 1

@Absolute values (%).
PRelative values (% of DU).

Table 3 shows, for each tested method, the abs@)ued the relative (r%) values of the repeaighimits
(mean value of the laboratories involved in thentobin), as well as the values of the reprodligidimits
(absoluteR, and relativeR%). The required minimum numbers of replicationsiider to achieve a given
accuracy level (2%, 5% and 10%) are also indicated.

For all tested methods the repeatability and reyeidity limits are high, when all briquette typase
considered. Nevertheless, the 105 rotations péeimds to the lowest relative repeatability value. (%) and the
lowest relative reproducibility limit (40.9%). Tloemparatively low repeatability limit of the 105tations test
period leads to a lower required number of replicest to achieve a given accuracy level. For exantipleecure
an accuracy level of 10%, 39 replications shalttweducted, while a number of 966 replications sthda
necessary for the 630 rotations method.

From a practical point of view, it seems that acuaacy level better than 10% can hardly be achiévethe
DU estimation of briquettes by the tested trialpetndeed, even with the 105 rotations methodtithe
necessary to perform one single determinationlaively long (a 105 rotations test needs 5 mimpiovement
of the method should be tested; in particular, digbtation speeds than the 21 rpm applied herle ahwrten
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the required rotation times. Moreover, the highatality might be enhanced by larger individual sden
volumes.

Nevertheless, for briquettes of DU above 90%, ttaieacy of the method is improved. Table 4 showstHe
105 rotation period, that absolute and relativeeaggbility limits of briquettes having a DU of 9G#d above,
are both below 5%, while they are higher for DUBD©E90%. The same observation was made for thelateso
and relative reproducibility limits, which are alsoproved for briquettes of a DU of 90% and abchable 4
also shows that, for DUs of 90% and above, onlyrepécation is needed to achieve 5% accuracy,exfhie
replications secure an accuracy of 2%.

For the selected pellets (Selection 1, Table 2Jithetest series had a DU range from 93.6% td @9 .when the
tumbler according to ASAE S269.4 was applied. Tdraespellets determined by the Lignotester following
ONORM M7135 showed a DU range from 91.2% to 99.3&@ts performed using the briquette drum lead to
smaller result range, from 97.6% to 99.8%.

Fig. 5 shows the mean values and the standardtamsdor all laboratories of the DU results onddlet types
and for the three tested methods. The standara@titavincludes the variation within the individuaboratories
and between the laboratories.

For both wood and agricultural residues pellets,differences between results from ASAE and ONORM
standards are larger for pellets below DU 97.5%thHeumore, for this pellet group the Lignotestettad
ONORM standard leads to lower DU values comparatadumbler according to ASAE standard. For high-D
pellets (DU 97.5% or more), values gained by ASAE ®@NORM are more similar, while the tumbler
according to ASAE standard seems to measure glitgiwler DU values. A test of variance equality penfied

on the three tested methods (Bartlett test, sicariite leveb = 0.05) confirms that the individual pellet type
highly influences the variability of the measureitseioreover, the standard deviation observati@mwsithat
the DU factor level influences the variability: tloaver the pellets DU is, the higher the variapilg (Fig. 5).
However, the comparison of the coefficient of vawia (T-test, significance level = 0.05) indicates that ASAE
standard systematically leads to lower variabilitympared to ONORM.

The variability of the briquette tester (only testt one laboratory) is generally low comparechtotivo other
methods. Nevertheless, the DU values of the diftepellet types are relatively close together, thyellets
differentiation or a classification according tastmethod can hardly be realised.

Table 5 shows, for ASAE and ONORM methods, the medimes of absolute and relative 106) repeatability
limits (for laboratories involved in the methodtteg) and the mean values of absollRegnd relative R%6)
reproducibility limits. The table also indicateg thumber of replication needed to achieve a gieenracy level
(0.5%, 1%, 2%). These parameters are calculated &d 8 mm wood pellets, agricultural residuetepgeland
for all pellets together. Additionally, these vadusre given for pellets having a DU of more tharb9y
(according to ASAE S 269.4).

Fig. 5. Durability (DU) of 15 pellets determined by threiffetent methods (mean values plus/minus standard
deviations of involved laboratories).

100

i s b I m?‘ = o g.ﬂ_t
o8y ¥ % 1 { g i Ly i
I =T (D075,
96 z [
77{I 7T o ONORM (5 laboratories)

< ’y & ASAE (2 laboratories)
g 94 % T ¢ Briquette Drum (1 laboratoy)
B —— All methods mean

92 { ‘ ‘

90 1 Agricultural Wood

Pellets Pellets
88 .

P10P14P15P11 P4 P3 P2 P1 P5 P7 P6 P9 P13 P8 P12



Published in: Biomass & Bioenergy (2006), vol. B0, 964-972.
Status: Postprint (Author’s version)

Table 5 Pellets durability testing: relative and absolutpeatability and reproducibility limits for the ted
methods
Method Involved labs  r? roe’ R R%° N

0.5% 1% 2%

All pellets

ASAE 2 0.9 0.9 1.4 15 24 6 1
Onorm 5 2.1 2.2 3.8 4.0 83 22 5
Briquette drum 1 1.8 1.8 67 17 4
6 mm diameter

ASAE 2 1.0 1.0 2.4 2.4 24 6 1
Onorm 5 2.1 2.2 3.8 4.0 83 22 5
Briquette drum 1 2.4 2.4 67 17 4
8 mm diameter

ASAE 2 0.2 0.3 1.4 1.4 1 1 1
Onorm 5 0.6 0.6 2.9 3.0 3 1 1
Briquette drum 1 0.2 0.2 1 1 1
Agricultural residues pellets

ASAE 2 0.9 1.0 2.1 2.2 7 3 1
Onorm 5 2.8 2.9 7.1 7.5 49 12 3
Briquette drum 1 0.6 0.6 2 1 1
Wood pellets DU> 97.5

ASAE 2 0.1 0.1 0.4 0.4 1 1 1
Onorm 5 0.3 0.3 1.0 1.0 3 1 1
Briquette drum 1 0.1 0.1 1 1 1

The minimum required number of replications foriveeg accuracy level are also given.
@Absolute values (%).
PRelative values (% of DU).

The absolute and relative repeatability valuesragarding all pellets, 0.9 for the ASAE standand 4.8 for the
briquette tester. For the ONORM standarti§ 2.1 and t%" is 2.2. Again the pellets DU influences the
repeatability values. The lowest repeatability tar(both absolute and relative) were observedifgir-BU
pellets.

For the whole pellets selection, the reproducipiidlues (absolute and relative) are: 1.4 and R &ndR%,
respectively) for the ASAE standard. The ONORM ktalhigher variability between laboratories; Rwealue
is 3.8 and the R% value is 4.0. As for repeatahiliie tested fuels influence this parameter.

For all investigated subgroups of pellets, the ONDRandard leads to higher repeatability and regpeiuility
values (higher variability) than the ones obtaibgdollowing ASAE standard.

This is also reflected by the required minimum nemiif replications to achieve a given accuracyllévable
5). The low result variability of the ASAE standdeads to a smaller amount of required replicatiias
example, to secure an accuracy level of 1%, onlyegilications are needed when all selected pediets
regarded, while 22 are required for the ONORM staddTable 5 also reveals that the demanded five
replications of the ONORM standard lead to an aacytevel of 2%.

It also appears that accuracy levels below 0.5%oocinbe achieved for high-density pellets, at fedith
practicable numbers of replications. Indeed, exa@ngithe ASAE method 24 replications are neededidening
all pellet types.

Nevertheless, the data presented here were caldulata great variation of pellet types. For otbeltets the
required number of replications can be far smadlag, only six replications are required to obtijorecision of
0.1%, when ASAE method is used on pellets havibdgJaabove 97.5%.

The test series on the second pellets selectidagt8m 2, Table 2) leads to DU ranges from 95.6%93.4%,
estimated by the tumbler following ASAE S269.4. Baene pellets measured by the Lignotester accotding
ONORM lead to DU values between 92.7% and 99.4%.6-shows the mean values for DU and the standard
deviation for 11 pellet types tested by all labori@s participating in the round robin. It appeiduat nine of the
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selected pellets have a DU (estimated by ASAE SB&thove 97.5% and thus belong to the highesttpelle
quality class according to [12].

Fig. 6. Durability (DU) of 11 pellets estimated by ASABS$2 and ONORM M 7135 (mean value and standard
deviation of four laboratories).
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As expected from the first test series, an ANOVi§r{gicance levelk = 0.05) confirms that results gained by
ASAE and ONORM are significantly different. Txtest (significance level = 0.05) comparing coefficient of
variation of the two methods indicates the higtaiability of the ONORM measurements.

A linear regression analysis (significance lewel 0.05) was conducted with results given by the tembl
according to ASAE and the Lignotester accordin@MORM (Fig. 7). When all selected pellets are cdesid,
the coefficient of determinatid®’ for the regression line is 0.69. When only pelteith a DU of more than 96%
are regarded, the coefficient of determinatiorigdr (& = 0.47). The low coefficients of determination indiza
that it is hazardous to extrapolate results from method to the other.

The calculation of the repeatability and the repimbility limits of the ASAE and ONORM methods canfi
the results obtained in the first test series (@&)| Also, here both parameters are lower foABAE S269.4
than for the ONORM M 7135.

Fig. 8 shows DU values of 15 tested pellets (Select, Table 2) which were determined by the ASAmbler,
they are compared to their respective particle itlesslt appears that no clear relation can bevdrbetween
these two parameters. A linear regression analygjaificance levek = 0.05) revealed a coefficient of
determinationf?, of 0.33. In contradiction to the statement ofesaVpellet producers, this confirms



Published in: Biomass & Bioenergy (2006), vol. B0, 964-972.
Status: Postprint (Author’s version)

observations made by Obernberger and Thek [4]pElets made from different raw material, produbgd
different equipment and under variable conditidhere is no relation between DU and particle dgrit
pellets. The correlation between briquette DU aadigle density has also been investigated, foffitlee
selected briquette types. But, also for briquettesielation between these two properties was found

Table 6 Pellets durability testing absolute and relativeeatability and reproducibility

Method re r%"° R RoA°
ASAE 0.6 0.6 0.7 0.7
ONORM 1.0 1.1 3.0 3.0

@Absolute values.
PRelative values.

Fig. 8. Relation between durability (ASAE S269.4) andipiartensity for the 15 tested pellet$ €R0.33).
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4. Conclusions

The results from the briquette testing supportcibreclusion that briquette DU is best determineduoybling in
a drum for 105 rotations. For this treatment, thedst repeatability and reproducibility limits wegieen.
Nevertheless, the briquette DU testing is assatiaith a relatively high variation of the resulpgrticularly
when considering the full range of possible britpigtpes. With the equipment applied here, accasdoelow
10% can hardly be achieved in practice. Howeverbfmuettes having a DU of 90% and higher, an ey
level of 2% can be achieved by five replicationse Bpplicability for proving any conformity withlegively
high briquette quality is given by the method irtigested here.

For pellet testing, the tumbling device describgdhie ASAE S 269.4 gives the most repeatable and
reproducible results. Moreover, this method requihe least number of replications to achieve amgaccuracy
level, while measurements with the pneumatic defdatewing ONORM M 7135 imply a higher number of
replications. In practice, an accuracy level oP8.&n be reached when the tumbling device accotdidgGAE
is applied, this is particularly true for high D@lfets.

The variation of DU measurements for briquettesgeitets is highly influenced by the fuel type ahd fuel
properties. For most individual fuel types the fieegh minimum number of replications to achieve \egi
accuracy level is far smaller than for a collectidmpellets or briquettes.

There is no clear correlation between the DU reqflipellets measured by the tumbling device anddlgiven
by the Lignotester. Generally comparisons betwheriwo methods are thus not advisable. In the seaye
useful correlations between DU and particle dermityld not be observed, neither for briquettesfaopellets.
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