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1  INTRODUCTION / GENERAL REMARKS  

Analytical procedures developed in the BioNorm 1 project provide a complete set of methods 

for the determination of most frequently required chemical parameters in solid biofuel char-

acterization (C, H, N, major and minor elements, Cl, S). Although they are optimised for solid 

biofuels, respecting the specific characteristics of these fuels, the applicability of the meth-

ods and a respective validation based on in international round robin was missing.  

 

Before upgrading the Technical Specifications (CEN-TS's) based on the scientific results of 

BioNorm 1 and additional research results from BioNorm 2 to European Standards (EN's) a 

validation exercise is necessary to demonstrate the applicability of the methods for the wide 

variety of biofuels available on the European market and to obtain necessary data on the 

performance of the methods. The round robin should be performed as part of the BioNorm 2 

project to furthermore verify doubts if the methods deliver reasonable accurate results for all 

biofuels. Especially the determination of chlorine and nitrogen require very precise results 

because small deviations in analytical results may lead to a false performance expectation in 

combustion and may cause unexpected corrosion (for chlorine) or emissions exceeding leg-

islative emission limits (e.g. nitrogen or the respective nitrogen oxides).  

 

This inter-laboratory comparison test aims to check the accuracy, reliability and applicability 

of the current test methods (EN-drafts). Due to many analytical possibilities given in the 

standards and due to an instrumental freedom in other standards, the results represent more 

a picture of the performance of the participating accredited or otherwise qualified European 

laboratories, the majority with some experience in solid biofuel analysis. A final valuation of 

the chemical test methods themselves should be done with care. The results of this round 

robin can not be used to guarantee that all options described in the standards deliver perfect 

results for all biofuels available. The methods are new and experiences are still growing, 

thus it does not provide a complete picture on the performance of the methods only but also 

shows the level of current chemical analysis quality.  

 

The present report summarises the individual results of the interlaboratory comparison tests 

and includes a statistical evaluation of these tests, which was carried out in accordance with 

the provisions of ISO 5725. 
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2. ORGANIZATION OF VALIDATION EXERCISES  

For the present interlaboratory comparison tests 2 different samples were selected to be 

tested. It was the aim to choose typical fuel samples used in Europe with fuel properties 

covering a wide range concerning the expected values. Therefore following samples were 

selected 

: 

• sample A: wood chips 

• sample B: olive residues 

 

The samples A and B were pre-dried, milled to 1 mm and homogenized according to 

CEN/TS 14780. All samples were in a condition as usually analyzed within fuel testing. Each 

participant received a homogeneous sample of 50g. A list of all included tests is given in 

table 1. 

 

The anonymity of test results is ensured for all participants due to an appropriate encoding 

procedure.  

 

The materials tested in this interlaboratory comparison tests are available at ofi as well 

characterized reference materials for internal lab performance tests. 

 

3.  PARTICIPANTS 

A total of 37 laboratories from 11 countries participated in this validation round robin. The 

participation was open only for invited laboratories, preferred were laboratories accredited 

according to EN 17025. The number of individual tests by a particular participant was not 

limited. The number of participants in different countries is given table 1. 
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table 1: participating laboratories and methods provided 
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participants 37 28 10 25 15 18 5 32

Austria

ofi + + + + + + +

ARCS Seibersdorf + + + + + + +

TÜV AUSTRIA SERVICES GMBH + + o +

Montanuniversität Leoben + + o +

ARP Aufbereitung Recycling Prüftechnik GesmbH + + + + + +

Energie AG Oberösterreich Kraftwerke GmbH + + + + + +

TU-Wien + + + + +

Austrian Bioenergy Centre GmbH + + + +

HFA + +

BLT, HBLuFA FRANCISCO JOSEPHINUM + +

Netherland

ECN + + + + + + +

NUON Buggenum + + + + +

EON Maasvlakte o o + +

INCOLAB + + + +

SGS Nederland + + + + +

Sweden

SP + + + + + +

Lantmännen Analycen AB + + + + + +

ALS Scandinavia AB Luleå + + +

Ireland

Waterford Institute of Technology + +

Edenderry Power Operations Ltd + + o +

Teagasc + + +

Italy

ENEA Lab. BIOCAR  TER-ENEBIOx + + + + + +

Belgium

Laborelec - Electrotechnical Materials and Equipment + + o +

UK

TES Bretby + + + + + +

FINLAND

Ramboll Analytics Ltd. + + + + +

VTT + + +

Nab Labs Oy, Rauma + + +

ENAS Oy + + +

Denmark

DONG Energy (ENV) + + + + + + + +

FORCE Technology + + + + + + + +

DONG Energy (AVV) +

Germany

Eurofins-AUA-GmbH + + + + + + +
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3  TERMINOLOGY 

The terms specified below, which are used in the statistical evaluation of the validation round 

robin are generally known or are defined, among other sources, in ISO 5725-1:1994 and 

previous issues of this standard, in ISO Guide 43-1:1997 and in CEN Guide 13:2008 as fol-

lows: 
 

Arithmetic mean, average (x): 

Quotient of the sum of independently identified individual values xi and their number n: 
 

∑
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=
n

i

ix
n

x
1

1
 

 

Note:  In the evaluation of the comparison test m is used for x and it is calculated as an overall mean 
of x i (x i = test result of a particulate participant = mean value of an particulate number of indi-
vidual measurements in one laboratory), after removal of outliers  

 

Variance (s2):  

Quotient of the sum of squares of deviations of the individual values from the arithmetic 

mean and (n - 1), i.e. number of degrees of freedom: 
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Standard deviation (s):  

Positive value of the root of the variance of a series of measured values: 
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Coefficient of variation: 

Dispersion of individual results expressed as quotient of the standard deviation and arithme-

tic mean in percent. 
 
 

Repeatability conditions:  

Conditions where independent test results are obtained with the same method on identical 

test items in the same laboratory by the same operator using the same equipment within 

short intervals of time. 
 
 

Reproducibility conditions:  

Conditions where test results are obtained with the same method on identical test items in 

different laboratories with different operators using different equipment. 
 
 

Between-laboratory standard deviation (sL):  

Term including between-operator and between-equipment variabilities. 
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Repeatability standard deviation (sr):  

Standard deviation of test results obtained under repeatability conditions:  
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a i = number of test results per participant 

si = standard deviation of a particulate test result 

n = number of participants  
 

Reproducibility standard deviation (sR = (sr
2 + sL

2)0,5):  

The standard deviation of test results obtained under reproducibility conditions.  
 
 

Repeatability limit (r):  

A value less than or equal to what the absolute difference between two test results obtained 

under repeatability conditions may be expected to be with a probability of 95%:  

r = 2,8 * sr  

 

Reproducibility limit (R):  

A value less than or equal to what the absolute difference between two test results obtained 

under reproducibility conditions may be expected to be with a probability of 95%: 

R = 2,8 * sR 

 

Outlier according to Cochran: 

With this test, the within-laboratory variances are tested for homogeneity ("outliers regarding 

standard deviations"): 

∑
=

=
n

i

is

s
CcriterionCochran

1

2

2

max  

 

smax = highest value of all si 

C-values for statistical (probability 99%) and possible (probability 95%) outliers are listed 
 in relevant literature 

 

Outlier according to Grubbs: 

With this test, the extreme values of x i (x extr = x max or x min) are tested to be an outlier ("outlier 

regarding the mean value") 
 

pextrp sxxGcriterionGrubbs /−=  

 

x p = general mean incl. test result which is tested according to Grubbs (x extr) 
x extr = extreme value of x i 
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sp = general standard deviation (tested result is taken into account as in x p)  

G-values for statistical (probability 99%) and possible (probability 95%) outliers from literature 
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4 GENERAL INFORMATION ON THE EVALUATION 

The test results provided by the individual participants were subjected to a statistical evalua-

tion in accordance with the provisions of ISO 5725-2:1994 ("Accuracy [trueness and preci-

sion] of measurement methods and results" - Part 2: Basic method for the determination of 

repeatability and reproducibility of a standard measurement method"). This was done inde-

pendent of the fact of how many participants attended the individual tests. In all cases the 

raw data provided by the participants served as a basis for this evaluation (individual test 

results). 

 

After the calculation of means and standard deviations for the individual testing labs, out-

lier tests according to Cochran and Grubbs were conducted in order to identify possible 

outliers in this way (95% probability; marked with "*") and/or statistical outliers (99% probabil-

ity; marked with "**").  

 

Statistical outliers according to Cochran and according to Grubbs were, in general, not 

taken into account in the calculation of the validation results. Statistical stranglers were 

only taken into account if necessary to assure enough results for evaluation. The elimination 

of outliers and stranglers is iterative. By eliminating outliers, new outliers and stranglers may 

pop up. Each iteration outliers are eliminated, the statistical analysis is repeated to study the 

distribution in order to trace new outliers or stranglers. This iterative procedure will continue 

until no new outliers are found or, if the process is brings the calculation to instability or 

senseless results, the number of iterations is limited manually. In a few cases, multiple out-

liers mask each other. In these cases, when results are not reliable, they were excluded on 

basis of research results carried out in BioNorm projects 1 and 2 (e.g. for nitrogen). 

 

The graphic representation of the results of a particular test includes all participants with 

their relevant mean and the respective standard deviation. Those participants which were 

identified as outliers by the tests according to Cochran and Grubbs and that were not taken 

for calculation of the statistical parameters have been marked red in tables and figures. Val-

ues marked in red in the diagrams are not used for the calculation of the statistical 

data! 
 



 

 

RESULTS FOR CEN/TS 14775 ASH CONTENT 

RESULTS FOR ASH CONTENT, SAMPLE OLIVE RESIDUES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 General mean = assigned value  

Repeatability variance  
Repeatability standard deviation  

Repeatability coefficient of variation  

Between-laboratory variance  
Between-laboratory standard deviation  

Between-laboratory coefficient of variation  

Reproducibility variance sR
2      

Reproducibility standard deviation  
Reproducibility coefficient of variation  

 
Repeatability limit  

Reproducibility limit  

Number of participants (outlier free)

Number of individual analytical values (outlier free)

5,03

1,26

0,448

l 138

R

n

11,28

30

m

sr
2

sr

sL
2

sL

sR

r

4,03

0,56

3,61

sr
2+ sL

2

1,80

0,161
0,401

0,201

mg/kg

mg/kg

11,1

0,040
0,200

%

mg/kg
%

mg/kg

mg/kg

mg/kg
%

%

%

7

8

9

10

11

12

13

36 26 34 2 19 6 25 22 35 32 38 27 12 18 17 11 23 20 8 24 40 13 10 14 31 21 39 33 29 16 15 30 3 5 37

Lab Code No.

mg/kg



 

 

RESULTS FOR ASH CONTENT, SAMPLE WOOD CHIPS 
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RESULTS FOR CEN/TS 14918 CALORIFIC VALUE 

RESULTS FOR GCV, SAMPLE OLIVE RESIDUES 
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RESULTS FOR GCV, SAMPLE WOOD CHIPS 
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RESULTS FOR NCV, SAMPLE OLIVE RESIDUES 
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RESULTS FOR NCV, SAMPLE WOOD CHIPS 
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RESULTS FOR CEN/TS 15104 CARBON, HYDROGEN AND NITROGEN 

RESULTS FOR CARBON DETERMINATION, SAMPLE OLIVE RESIDUES 
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RESULTS FOR CARBON DETERMINATION, SAMPLE WOOD CHIPS 
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RESULTS FOR HYDROGEN DETERMINATION, SAMPLE OLIVE RESIDUES 
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RESULTS FOR HYDROGEN DETERMINATION, SAMPLE WOOD CHIPS 
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RESULTS FOR NITROGEN DETERMINATION, SAMPLE OLIVE RESIDUES 
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RESULTS FOR NITROGEN DETERMINATION, SAMPLE WOOD CHIPS 
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RESULTS FOR CEN/TS 15289 SULPHUR AND CHLORINE 

RESULTS FOR CHLORINE DETERMINATION, SAMPLE OLIVE RESIDUES 
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RESULTS FOR CHLORINE DETERMINATION, SAMPLE WOOD CHIPS 
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RESULTS FOR SULPHUR DETERMINATION, SAMPLE OLIVE RESIDUES 
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RESULTS FOR SULPHUR DETERMINATION, SAMPLE WOOD CHIPS 
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RESULTS FOR CEN/TS 15105 WATER SOLUBLE 

RESULTS FOR WATER SOLUBLE CHLORINE, SAMPLE OLIVE RESIDUES 
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RESULTS FOR WATER SOLUBLE CHLORINE, SAMPLE WOOD CHIPS 
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RESULTS FOR WATER SOLUBLE SODIUM, SAMPLE OLIVE RESIDUES 
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RESULTS FOR WATER SOLUBLE SODIUM, SAMPLE WOOD CHIPS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

50

100

150

200

250

300

350

400

30 8 3 40 39 1 2 4 5 6 7 9 10 11 12 13 14 15 16 17 18 19

Lab Code No.

mg/kg

 General mean = assigned value  

Repeatability variance  
Repeatability standard deviation  

Repeatability coefficient of variation  

Between-laboratory variance  
Between-laboratory standard deviation  

Between-laboratory coefficient of variation  

Reproducibility variance sR
2      

Reproducibility standard deviation  
Reproducibility coefficient of variation  

 
Repeatability limit  

Reproducibility limit  

Number of participants (outlier free)

Number of individual analytical values (outlier free)

mg/kg

mg/kg
%

%

%

%

mg/kg
%

mg/kg

mg/kg

mg/kg

16

70
8

53,79

154
12

224

sL

sR

r

96,01

23

79,53

m

sr
2

sr

sL
2

sr
2+ sL

2

150,61

42

15

l 19

R

n

268,84

4



 

 

RESULTS FOR WATER SOLUBLE POTASSIUM, SAMPLE OLIVE RESIDUES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

5000

10000

15000

20000

25000

39 16 3 30 40 8 12 11 34 1 2 4 5 6 7 9 10 13 14 15 17 18

Lab Code No.

mg/kg

 General mean = assigned value  

Repeatability variance  
Repeatability standard deviation  

Repeatability coefficient of variation  

Between-laboratory variance  
Between-laboratory standard deviation  

Between-laboratory coefficient of variation  

Reproducibility variance sR
2      

Reproducibility standard deviation  
Reproducibility coefficient of variation  

 
Repeatability limit  

Reproducibility limit  

Number of participants (outlier free)

Number of individual analytical values (outlier free)

mg/kg

mg/kg
%

%

%

%

mg/kg
%

mg/kg

mg/kg

mg/kg

22392

274731
524
2,34

854507
924

1129238

sL

sR

r

4,75

1468

4,13

m

sr
2

sr

sL
2

sr
2+ sL

2

6,55

2975

1063

l 35

R

n

13,29

7



 

 

RESULTS FOR WATER SOLUBLE POTASSIUM, SAMPLE WOOD CHIPS 
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RESULTS FOR CEN/TS 15290 MAJOR ELEMENTS 

RESULTS FOR THE DETERMINATION OF ALUMINUM, SAMPLE OLIVE RESIDUES 
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RESULTS FOR THE DETERMINATION OF ALUMINUM, SAMPLE WOOD CHIPS 
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RESULTS FOR THE DETERMINATION OF CALCIUM, SAMPLE OLIVE RESIDUES 
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RESULTS FOR THE DETERMINATION OF CALCIUM, SAMPLE WOOD CHIPS 
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RESULTS FOR THE DETERMINATION OF IRON, SAMPLE OLIVE RESIDUES 
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RESULTS FOR THE DETERMINATION OF IRON, SAMPLE WOOD CHIPS 
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RESULTS FOR THE DETERMINATION OF ARSENIC, SAMPLE OLIVE RESIDUES 
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RESULTS FOR THE DETERMINATION OF LEAD, SAMPLE OLIVE RESIDUES 
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RESULTS FOR THE DETERMINATION OF ANTIMONY, SAMPLE OLIVE RESIDUES 
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0,0

5,0

10,0

15,0

20,0

25,0

8 19 30 33 23 11 12 29 39 35 25 24 27 3 36 28

Lab Code No.

mg/kg

 General mean = assigned value  

Repeatability variance  
Repeatability standard deviation  

Repeatability coefficient of variation  

Between-laboratory variance  
Between-laboratory standard deviation  

Between-laboratory coefficient of variation  

Reproducibility variance sR
2      

Reproducibility standard deviation  
Reproducibility coefficient of variation  

 
Repeatability limit  

Reproducibility limit  

Number of participants (outlier free)

Number of individual analytical values (outlier free)

12,69

5,50

1,965

l 71

R

n

30,18

15

m

sr
2

sr

sL
2

sL

sR

r

10,78

2,31

9,78

sr
2+ sL

2

4,53

3,178
1,783

3,861

mg/kg

mg/kg

18,23

0,683
0,827

%

mg/kg
%

mg/kg

mg/kg

mg/kg
%

%

%



 

 

RESULTS FOR THE DETERMINATION OF ZINC, SAMPLE WOOD CHIPS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0,0

2,0

4,0

6,0

8,0

10,0

12,0

14,0

16,0

18,0

20,0

30 19 23 33 8 12 29 39 25 35 36 11 24 27 3 28

Lab Code No.

mg/kg

 General mean = assigned value  

Repeatability variance  
Repeatability standard deviation  

Repeatability coefficient of variation  

Between-laboratory variance  
Between-laboratory standard deviation  

Between-laboratory coefficient of variation  

Reproducibility variance sR
2      

Reproducibility standard deviation  
Reproducibility coefficient of variation  

 
Repeatability limit  

Reproducibility limit  

Number of participants (outlier free)

Number of individual analytical values (outlier free)

13,56

5,43

1,938

l 70

R

n

39,20

15

m

sr
2

sr

sL
2

sL

sR

r

14,00

1,88

13,14

sr
2+ sL

2

4,84

3,306
1,818

3,756

mg/kg

mg/kg

13,84

0,450
0,670

%

mg/kg
%

mg/kg

mg/kg

mg/kg
%

%

%


