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Part I. Sampling

1. Introduction

Chemical and physical analyses of biofuels are always “behiftad” with measuring uncertainty
also named measuring error. This measuring error may be divided into to types, namely
systematic error or bias, and experimental error. Bias affect the accuracy (how close the
average of the analytical result is to the “true value”), and is often caused by a single factor
like erroneous calibration, inappropriate analytical method, incomplete dissolution of the
sample, etc. This error gives rise to an analytical result that is always too low or too large
compared to the “true result” and should always be eliminated as far as possible.

Experimental error on the other hand is due to several factors where each factor has small
impact on the result and may affect the result in both positive and negative direction.
Examples of such factors are variations in humidity, ambient temperature, pipette volumes,
etc. This type of error does not influence the accuracy of the analytical result as the bias does.
Instead the experimental error affects the precision, which is the distribution of the analytical
results around the “true value”. A low precision means that the results from repeated analyses
have a large spread around the “true value” and vice versa. Experimental errors cannot be
eliminated, but can be handled by suitable statistical methods.

The objectives of the sampling experiments in Task I.1 in BioNorm II WP I were to assess the
relative bias of the two studied sampling methods, heap sampling and conveyor sampling, and
to derive recommendations on how to decide the sizes and numbers of sampling increments
needed to obtain an accepted sampling error. In the following sections the design of the
experiments is described and the statistical methods used for the evaluation are presented. In
addition, the statistical analysis of moisture content in bark is given as a practical example.

1.1 Experimental design

Six different biofuel materials were studied in the sampling experiments, namely olive
residue, grape residue, bark from Scots pine, wood chips from Norwegian spruce stem wood
including bark, 8mm pellets from stem wood of Norwegian spruce including bark and 6mm
pellets from whole trees of beech.

Five lorry loads of olive and grape residue were both sampled from a heap and from a falling
stream at the end of a moving conveyor, respectively. From each batch, four increments of
three different increment sizes each were taken by both methods. Two sub-samples of each
increment were then tested for moisture, ash, nitrogen, and seven major elements (Al, Ca, Mg,
Na, P, Si and K).

The wood chips were sampled both from a falling stream at the end of a moving conveyor and
from the formed heap. From each batch, four increments of three different increment sizes
each were taken by both methods. Two sub-samples of each increment were tested for
moisture, ash, and particle size distribution.

Five lorry-loads of bark were sampled from the heap and from a stopped conveyor,
respectively. From each batch, four increments of three different increment sizes each were
taken by both methods. Two sub-samples of each increment were tested for moisture, ash, and
gross calorific value.

The 6mm pellets were sampled either from a heap formed by collecting pellets from 10 pellets
sacks or by random collection of pellet sacks from a conveyor during production. For each
method, four increments of three different increment sizes were taken. Two sub-samples of
each increment were tested for ash, and mechanical durability.
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The 8mm pellets were sampled both from a falling stream at the end of a moving conveyor
and from the formed heap. From each batch, four increments of three different increment
sizes each were taken by both methods. Two sub-samples of each increment were tested for
ash, and mechanical durability.

2 Statistical analyses

2.1 Evaluation of bias

No method of sampling biofuels is considered to be a reference method, so the data can be
used only to assess the bias of one method relative to another.

The bias is calculated by using a paired comparison design, where the difference between the
mean values of the two sampling methods for each batch and increment size is calculated. The
mean value of these differences is then tested by the Student’s t-test (o = 0.05) for the
hypothesis that the difference is not significant different from zero. If the mean of the
differences is significant different from zero there is a bias between the sampling methods,
otherwise not. The bias testing was also performed for the three increment sizes separately.
To ensure that the significant test is valid, the difference values where tested for normality
with o = 0.05. In addition, a graph was constructed where the average of the conveyor
sampling results for each batch was plotted against the corresponding heap sampling results.
If there is no bias between the sampling methods, a relatively even distribution of the points
on both sides of the diagonal line in the graph should be seen for each sample size. An
example on how the bias testing was performed is given in table 2.1.1 and figure 2.1.1 for the
moisture content in bark.

Table 2.1.1. Significance test of the difference between heap and conveyor sampling for
moisture content (wt-%) in bark

Heap Conveyor Difference

Mean diff -0,07 62,68 63,08 -0,40

20L Stddev 0,29 58,22 58,06 0,16
t-value -0,56 57,41 57,79 -0,38

terit 2,78 60,42 60,28 0,14

60,34 60,24 0,11

Mean diff 0,03 62,65 63,55 -0,90

10L Stddev 0,79 58,73 57,90 0,83
t-value 0,07 57,79 58,48 -0,69

terit 2,78 60,37 59,66 0,71

60,76 60,58 0,18

Mean diff 0,56 63,51 62,84 0,67

5L Stddev 1,25 58,95 57,71 1,23
t-value 1,01 58,39 57,63 0,75

terit 2,78 61,05 59,34 1,70

59,31 60,85 -1,55

Mean 60,09 59,80 0,29
Overall Stddev 1,875 2,033 0,856
t-value 1,33

terit 2,14
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Figure 2.1.1 Bias testing between heap and conveyor sampling. a) Plot of conveyor sampling
results versus heap sampling results for moisture content in bark. b) Probability plot of the
difference between heap and conveyor sampling of moisture content in bark.

2.2 Evaluation of variances

2.2.1 Analysis of variance (ANOVA) of batches, increments and sub-sample tests

Basic information on the variability between bathes, increments and sub-sample tests due to
sampling was provided by Analysis of Variances (ANOVA). An example of ANOVA for the
moisture content in bark is given in Table 2.2.1.1 for the 10L increment.

From the individual analytical results of the sub-samples A and B, yug, the average of each
increment, s, was calculated. The averages of the increments were then used to calculate the
average of each batch, y,, and finally the grand average, ¥, was calculated from the results of
all sub-samples A and B.

The values for ¥, $1, $us and ypst Were then used together with the number of batches B, the
number of increments S and the number of sub-sample test T for the calculation of Sum of
Squares (SoS) for the batches, the increments and the sub-sample tests according to the
formulas given in table 2.2.1.1.

These SoS were then divided by the Degrees of Freedom (DoF) to give the Mean Square
(MS) of the batches, the increments and the sub-sample tests, respectively.

From the MS-values the individual variances ('52}3, 025, o’r and the corresponding standard
deviations s, Ss, st for the batches, the increments and the sub-sample tests were calculated
from the formulas

MSg = ST 6%g + T 0% + o°1
MSs=T st + G2T

MST = 62]“
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Table 2.2.1.1 Analysis of variance (ANOVA) of moisture content in bark for the 10L
increment size. a) heap sampling b) conveyor sampling. yu are the individual results of the
sub-samples A and B, ¥ is the average value of each increment, ¥, is the average value of
each batch and ¥ is the grand average of all sub-samples. B is the number of batches, S is the
number of increments and T is the number of sub-samples tested on each increment. SoS is

the sum of squares, DoF is the degrees of freedom and MS is the mean squares.

a)
Mark code Vst Vb Tbs
Sub-sample | Sub-sample
Heep or A B
Material
Sample and Conveyer % %
No date and Point Volume (1) (2)
202 B-080129 H1:1 10L 65,83 66,68 66,25
205 B-080129 H1:2 10L 64,96 66,11 65,54
208 B-080129 H1:3 10L 60,19 59,06 59,62
211 B-080129 H1:4 10L 59,10 59,28 62,65 59,19
226 B-080130 H2:1 10L 58,26 57,64 57,95
229 B-080130 H?2:2 10L 57,75 57,56 57,65
232 B-080130 H2:3 10L 59,23 59,89 59,56
235 B-080130 H2:4 10L 60,28 59,26 58,73 59,77
250 B-080131 H3:1 10L 57,20 55,24 56,22
253 B-080131 H3:2 10L 57,97 57,73 57,85
256 B-080131 H3:3 10L 58,77 60,80 59,79
259 B-080131 H 3:4 10L 57,24 57,37 57,79 57,30
274 B-080204 H4:1 10L 61,79 60,93 61,36
277 B-080204 H4:2 10L 60,48 62,04 61,26
280 B-080204 H4:3 10L 59,93 58,98 59,45
283 B-080204 H 4:4 10L 59,54 59,26 60,37 59,40
298 B-080205 HS5:1 10L 61,46 60,87 61,17
301 B-080205 H5:2 10L 62,93 62,30 62,62
304 B-080205 H5:3 10L 58,18 58,47 58,32
307 B-080205 H5:4 10L 61,13 60,74 60,76 60,93
y= 60,06
SoS DoF MS
Batches STY($4-9)*= 113,70 B-1=4 2843  o’5=2,46 sp=1,57
Samples TYY ($s-p)° = 131,64 B(S-1)=15 8,78 o’s=4,16 ss= 2,04
Test S (Yost-Fbs)” = 9,18 BS(T-1)=20 046 o =046 sp=0,68
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b)
Mark code Vst Tb Ybs
Sub-sample | Sub-sample
Heep or A B
Material
Sample and Conveyer % %
No date and Point Volume (1) (2)
214 B-080129 Cl1:1 10L 67,92 67,97 67,94
217 B-080129 C1:2 10 L 63,83 64,98 64,41
220 B-080129 C1:3 10L 61,36 62,02 61,69
223 B-080129 Cl1:4 10 L 60,16 60,17 63,55 60,17
238 B-080130 C2:1 10L 58,28 58,78 58,53
241 B-080130 C2:2 10 L 58,55 59,08 58,82
244 B-080130 C2:3 10 L 58,68 58,13 58,41
247 B-080130 C2:4 10L 56,56 55,17 57,90 55,87
262 B-080131 C3:1 10 L 62,19 58,11 60,15
265 B-080131 C3:2 10 L 55,87 57,13 56,50
268 B-080131 C3:3 10 L 58,44 58,90 58,67
271 B-080131 C3:4 10 L 59,29 57,91 58,48 58,60
286 B-080204 C4:1 10 L 60,67 60,14 60,40
289 B-080204 C4:2 10 L 61,81 61,98 61,90
292 B-080204 C4:3 10 L 57,22 56,77 56,99
295 B-080204 C4:4 10 L 59,62 59,05 59,66 59,34
310 B-080205 C5:1 10L 61,18 61,13 61,15
313 B-080205 C5:2 10 L 62,11 63,15 62,63
316 B-080205 C5:3 10 L 60,41 61,31 60,86
319 B-080205 C54 10L 57,09 58,29 60,58 57,69
g = 60,04
SoS DoF MS
Batches STY.($4-9)* = 158,18 B-1=4 39,55  o%=3,73 sg=1,93
Samples TYY (Fos-$b)° = 146,14 B(S-1)=15 9,74 o’s=4,51 ss=2,12
Test S (Vose-Tos)* = 14,55 BS(T-1)=20 0,73 6’1=0,73 sp=10,85

2.2.2 Significance tests of variances between increment sizes and sampling methods

Significance tests of differences in variances between increment sizes were performed on
Mean Square-values since these have well defined Degrees of Freedom. In table 2.2.2.1 the
MS-values for the determination of moisture content in bark are summarized. The differences
in MS between the increment sizes were tested for their significance by using the F-
distribution with o = 0.05 (see table 2.2.2.2). As can be seen in table 2.2.2.2 the only
significant difference between increment sizes was obtained for the increment sizes 20L and
SL for the sub-sample test variance. This difference, however, was not significant with a =
0.01. If no significant difference is found between increment sizes within a sampling method
an average of the variance may be calculated. This is carried out in table 2.2.2.3 for the
batches and the increments for the two sampling methods and the differences between the
methods are then tested for there significance as before. No significant difference was found.



EU — BioNorm Il — Deliverable D.1.8

For the sub-sample test variances the significance test of the difference between sampling
methods was performed for the individual increment sizes. A significant difference in MS
between the sampling methods was found for the 20L increment size. This difference,

however, was not significant with o = 0.01.

Table 2.2.2.1 Summary of the mean square values for the three increment sizes and the two
sampling methods for the analyses of moisture in bark. MSg, MSs and MSt are the mean

squares of the batches, increments and sub-sample tests, respectively.

20L 10L 5L
MSy=344 | MSs=284 | Msy=347

Heap | MSg=9,61 | MSs=878 | MSs=12,17
MS; = 0,293 | MS;=0.459 | Ms;=0773
MSy=364 | MS5=395 | Ms,=392

veror | MSe= 1055 | msi=0.74 | mse=11.87
MS; = 0,680 | MS;=0.728 | MS; = 1,148

Table 2.2.2.2 Significance tests of the mean squares (F-distribution) between the increments
for the batches, increments and sub-sample tests, respectively for the two sampling methods.

F (20L vs 10L) | F (20L vs 5L) | F (10L vs 5L) Ferit
Batches 1,21 1,01 1,22 6,39
Heap Increments 1,09 1,27 1,39 2,40
Sub-sample Tests 1,57 2,64 1,68 2,12
Batches 1,09 1,08 1,01 6,39

Con- I t
veyor ncrements 1,08 1,12 1,22 2,40
Sub-sample Tests 1,07 1,69 1,58 2,12

Table 2.2.2.3 Significance tests of the mean squares (F-distribution) between the sampling
methods for the batches, increments and sub-sample tests, respectively. Hayerage and Cayerage are
the average values of the mean square for the three increment sizes for the heap and the

conveyor sampling method, respectively.

20L | 10L | 5L | Huese | Corse | Fet
Batches 1,18 32,50 | 3835 | 2,69
Increments 1,05 10,18 10,72 1,65
Sub-sample Tests | 232 | 158 | 149 2,12
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2.2.3 Repeatability

For the analytical methods where a general analysis sample is used for the determination, a
repeatability standard deviation was calculated. This was accomplished by repeating the
analysis 5-6 times for one single general analysis sample. The result was used to assess the
significance of the repeatability of the analytical method compared to the overall analytical
variability.

2.2.4 Calculation of number of increments and sub-sample tests.

To evaluate the appropriate number of increments and sub-sample tests for a certain accepted
sampling error, e, the pooled variances for the increments and the sub-sample tests, o”pooled,s
and o’pooled.T, Were used in the equation

e= t*(\/ (Gzpooled,S/S + Gzpooled,T/T))/y *100

where ¢ is the relative sampling confidence interval; S is the number of increments, T is the
sub-sample tests, t is the Student’s value for o = 0.05 and ¥ is the grand average. The graph e
vs S was then used for the evaluation of the relative sampling error as a function of increment
numbers for certain values of sub-sample tests (see figure 2.2.4.1). However, the calculations
of the number of increments and sub-sample tests are preliminary, since a thorough discussion
within the WP I group how to interpret the statistical results is necessary.

Moisture in bark
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3 4,00 i ’ i A TS
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¢ 0,00 : : : : :
0 2 4 6 8 10 12
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Figure 2.2.4.1 Relative sampling confidence interval (e) as a function of increment numbers
(S) for certain values of sub-sample tests (T).
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3 Results
3.1 Olive residue

3.1.1 Bias

No bias between the sampling methods was found except for the 2L-increments of
Aluminium and Magnesium, where the heap sampling showed higher values than the
conveyor sampling (see figure 3.1.1.1). The t-values were 3.3 and 3.7 for Al and Mg,

respectively.
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Figure 3.1.1.1 Test of bias between sampling methods for aluminium and magnesium in olive
residue by potting conveyor sampling vs. heap sampling.

3.1.2 Analysis of Variance

Moisture: A significant difference in variance of the tests was found between the sample
sizes. However, the sampling methods showed opposite behaviour. In addition, significant
differences in test variances were found between the sampling methods for the 10L and 5L
increments, but in different directions.

In figure 3.1.2.1 the relative sampling error as a function of increment number is shown for

moisture.

Moisture in olive residue
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Figure 3.1.2.1 Relative sampling error of moisture in olive residue as a function of increment
number for various numbers of sub-sample tests.

Ash: Significant differences between variances were found for both sample sizes and
sampling methods, but without any clear trend. In figure 3.1.2.2 the relative sampling error as
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a function of increment number is shown for ash. Since the variability of ash in olive residue
is high, a large number of increments are needed to obtain a reasonable confidence interval.
The figure also shows that the number of sub-sample tests has a large impact on the sampling
error. The relative repeatability standard deviation for ash content was 3.0 %.
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Figure 3.1.2.2 Relative sampling error of ash in olive residue as a function of increment
number for various numbers of sub-sample tests.

Aluminium: Significant differences between variances were found for both sample sizes and
sampling methods, but without any clear trend. In figure 3.1.2.3 the sampling error as a
function of increment number is shown for aluminium. Since the variability of aluminium in
olive residue is high a large number of increments are needed to obtain a reasonable
confidence interval. The figure also shows that the number of sub-sample tests has a large
impact on the sampling error. The relative repeatability standard deviation for aluminium
content was 10.6 %.
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Figure 3.1.2.3 Relative sampling error of aluminium in olive residue as a function of
increment number for various numbers of sub-sample tests.

Calcium: Significant differences were found between the 2L increment compared to the
larger increments. In addition, the conveyor sampling method showed lower variance
compared to the heap sampling



EU — BioNorm Il — Deliverable D.1.8

Figure 3.1.2.4 shows the relative sampling error as a function of increment number for
calcium. The figure shows that the increment number has little effect on the sampling error
since the variance of the sub-sample test is much larger than the increment variance. The
relative repeatability standard deviation for calcium content was 12.8 %.
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Figure 3.1.2.4 Relative sampling error of calcium in olive residue as a function of increment
number for various numbers of sub-sample tests.

Magnesium: Significant differences between variances were found for both sample sizes and
sampling methods, with a smaller variability for the conveyor sampling. In figure 3.1.2.5 the
sampling error as a function of increment number is shown for magnesium. Due to the large
variability of the sub-sample tests for magnesium, little effect of the increment number on
sampling error was shown. The relative repeatability standard deviation for magnesium
content was 5,9 %.

Magnesium in olive residue

140,00 *

€ 12000, 0060600000

5 100,00 |

5 "SssmEmnns o 7oL
o 80,00 4 A mT=2
EGO'OO’X;AAAAAAAA AT
% 4000 XX X XXX XX X 1210
é 20,00 -

& 0,00

0 2 4 6 8 10 12

Increment number (S)

Figure 3.1.2.5 Relative sampling error of magnesium in olive residue as a function of
increment number for various numbers of sub-sample tests.
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Sodium: Only small differences in variance between the increment sizes and the sampling
methods were found for sodium. In figure 3.1.2.6 the sampling error as a function of
increment number is shown for sodium. As shown, both the increment number and the
number of sub-sample tests effect the sampling error. The relative repeatability standard
deviation for sodium content was 2.5 %.
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Figure 3.1.2.6 Relative sampling error of sodium in olive residue as a function of increment
number for various numbers of sub-sample tests.

Phosphorous: Only small differences in variance were found for phosphorous. In figure
3.1.2.7 the sampling error as a function of increment number is shown for phosphorous. Both
the increment number and the number of sub-sample tests have effect on the sampling error.
The relative repeatability standard deviation for phosphorous content was 5.3 %.
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Figure 3.1.2.7 Relative sampling error of phosphorous in olive residue as a function of
increment number for various numbers of sub-sample tests.
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Silicon: Significant differences between variances were found for both sample sizes and
sampling methods, but without any clear trend. In figure 3.1.2.8 the sampling error as a
function of increment number is shown for silicon. Since the variability of silicon in olive
residue is high a large number of increments are needed to obtain a reasonable confidence
interval. Also the number of sub-samples has considerable effect on the sampling error. The
relative repeatability standard deviation for silicon content was 14.6 %.
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Figure 3.1.2.8 Relative sampling error of silicon in olive residue as a function of increment
number for various numbers of sub-sample tests.

Potassium: Only small differences in variance were found for potassium. In figure 3.1.2.9 the
sampling error as a function of increment number is shown for potassium. The effect of
increment number and number of sub-sample tests on the sampling error was of the same
order. The relative repeatability standard deviation for potassium content was 2.7 %.
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Figure 3.1.2.9 Relative sampling error of potassium in olive residue as a function of
increment number for various numbers of sub-sample tests.
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Nitrogen: Only the difference in increment variance between the 10L increment compared to
the other two was found significant. No difference between the sampling methods was found.
In figure 3.1.2.9 the sampling error as a function of increment number is shown for potassium.
The effect of the number of sub-sample tests on the sampling error is larger than the
increment number due to its larger variance. The relative repeatability standard deviation for
nitrogen content was 4,6 %.
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Figure 3.1.2.9 Relative sampling error of nitrogen in olive residue as a function of increment
number for various numbers of sub-sample tests.

3.2 Grape residue

3.2.1 Bias

A bias between the sample methods was found for the 2L increment of potassium, where the
conveyor sampling gave higher potassium content than the heap sampling (see figure 3.2.1.1).
The t-value was 5.78. In all other cases no difference between the sampling methods was
found.
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Figure 3.2.1.1 Test of bias between sampling methods for potassium in grape residue by
plotting conveyor sampling vs. heap sampling.



EU — BioNorm Il — Deliverable D.1.8

3.2.2 Analysis of Variance

Moisture: The 2L increment for the conveyor sampling showed a significant lower variance
compared to both the other increment sizes and the heap sampling.

In figure 3.2.2.1 the sampling error as a function of increment number is shown for moisture.
The number of sub-sample tests has the dominating effect on the sampling error and due to
the low variability a small confidence interval is obtained.

Moisture in grape residue
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Figure 3.2.2.1 Relative sampling error of moisture in grape residue as a function of increment
number for various numbers of sub-sample tests.

Ash: Significant differences in variance between the various increment sizes were found for
both sampling methods. Figure 3.2.2.2 shows the sampling error as a function of increment
number for ash. Due to the large variability of ash content in grape residue a rather large
confidence interval is obtained. The relative repeatability standard deviation for ash content
was 3.3%.
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Figure 3.2.2.2 Relative sampling error of ash in grape residue as a function of increment
number for various numbers of sub-sample tests.
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Aluminium: Significant differences in variance in the sub-sample tests between the
increment sizes were found for both sampling methods. Figure 3.2.2.3 shows the sampling
error as a function of increment number for aluminium. A large variability of the aluminium
content and a large repeatability standard deviation causes a large confidence interval. The
relative repeatability standard deviation for aluminium was 17.4 %.

Aluminium in grape residue
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Figure 3.2.2.3 Relative sampling error of aluminium in grape residue as a function of
increment number for various numbers of sub-sample tests.

Calcium: Significant differences in variance were found between increment sizes and
sampling methods, but no clear trend was noticed. Figure 3.2.2.4 shows the sampling error as
a function of increment number for calcium. A very large variability of calcium in grape
residue is the reason for the large sampling error. The relative repeatability standard deviation
for calcium was as small as 1.6 %.
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Figure 3.2.2.4 Relative sampling error of calcium in grape residue as a function of increment
number for various numbers of sub-sample tests.

Magnesium: The same pattern as for the former elements with significant differences in
variance between increment sizes and sampling methods was also shown for magnesium.
Figure 3.2.2.5 shows the sampling error as a function of increment number for magnesium. A
rather small variability of magnesium gives a reasonable confidence interval. The relative
repeatability standard deviation for calcium was 3.4 %.
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Magnesium in grape residue
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Figure 3.2.2.5 Relative sampling error of magnesium in grape residue as a function of
increment number for various numbers of sub-sample tests.

Sodium: The pattern for sodium is the same as for calcium and magnesium. Figure 3.2.2.6
shows the sampling error as a function of increment number for sodium. A large relative
variability gives rise to a large confidence interval. The number of sub-sample tests has little
impact on the sampling error. The relative repeatability standard deviation for sodium was 5.8
%.
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Figure 3.2.2.6 Relative sampling error of sodium in grape residue as a function of increment
number for various numbers of sub-sample tests.

Phosphorous: Only a few significant differences were found for phosphorous. Figure 3.2.2.7
shows the sampling error as a function of increment number for phosphorous. The increment
number and the number of sub-sample tests have similar effects on the sampling error. The
relative repeatability standard deviation for phosphorous was 2.7 %.
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Phosphorous in grape residue
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Figure 3.2.2.7 Relative sampling error of phosphorous in grape residue as a function of
increment number for various numbers of sub-sample tests.

Silicon: Large significant differences in variance were found between both the increment
sizes and the sampling methods. Figure 3.2.2.8 shows the sampling error as a function of
increment number for silicon. The large variability of silicon in grape residue and the large
repeatability standard deviation are the cause of the large confidence interval. The figure also
shows that the number of sub-sample tests has the dominating effect on the sampling error.
The relative repeatability standard deviation for silicon was as large as 18.0 %.
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Figure 3.2.2.8 Relative sampling error of silicon in grape residue as a function of increment
number for various numbers of sub-sample tests.
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Potassium: Almost no significant difference in variance was found for potassium. In figure
3.2.2.9 the sampling error as a function of increment number is shown for potassium. A
reasonable sampling error was obtained due to moderate variance. The relative repeatability
standard deviation for potassium was 2.4 %.
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Figure 3.2.2.9 Relative sampling error of potassium in grape residue as a function of
increment number for various numbers of sub-sample tests.

Nitrogen: As for potassium small differences in variance were found for nitrogen. In figure
3.2.2.10 the sampling error as a function of increment number is shown for nitrogen. A rather
small confidence interval was obtained due to low variability of nitrogen in grape residue and
a small repeatability standard deviation for the analytical method. The relative repeatability
standard deviation for nitrogen was 1.6 %.
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Figure 3.2.2.10 Relative sampling error of nitrogen in grape residue as a function of
increment number for various numbers of sub-sample tests.
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3.3 Wood chips

3.3.1 Bias

No bias between the sampling methods was found for the moisture content and ash content in
wood chips.

For the particle size distribution, on the other hand, a pronounced bias is found which is
significant for the 10L increment size (see figure 3.3.1.1). From the graphs one can see that
the largest particle sizes are overrepresented in the conveyor sampling while the smallest
particle sizes are overrepresented in the heap sampling.
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Figure 3.3.1.1 Test of bias between sampling methods for particle size in wood chips by
plotting conveyor sampling vs. heap sampling.

3.3.2 Analysis of Variance

No pronounced trend for the difference in variance for moisture and particle size distribution
was found in wood chips, even if a slightly higher variance in the conveyor sampling can be
observed. In figure 3.3.2.1 the sampling error as a function of increment number is shown for
moisture content, ash content and the five particle sizes. In all cases only the increment
number has any effect on the sampling error. A rather high confidence interval was obtained
for the ash content due to high variability in wood chips. The relative repeatability standard
deviation for nitrogen was 1.9 %.
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Moisture in wood chips

Ash in wood chips
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Figure 3.3.2.1 Relative sampling error of moisture content, ash content and five different
particle sizes in wood chips as a function of increment number for various numbers of sub-

sample tests.
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3.4 Bark

3.4.1 Bias

No bias between the sampling methods was observed for the bark material.

3.4.2 Analysis of Variance

No significant difference in variance was found for moisture content and calorific value in
bark, while a significant higher test and increment variation of ash content was observed for
the conveyor sampling.

In figure 3.4.2.1 the sampling as a function of increment number is shown for moisture
content, calorific value and ash content. For moisture content only the increment number
affect the sampling error significantly, while also the number of sub-sample tests influence
the confidence interval for ash content and gross calorific value. An extremely low sampling
error below 1% was obtained for gross calorific value. The relative repeatability standard
deviations for were 0.33 %.and 0.08 % for ash content and calorific value, respectively.
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Figure 3.4.2.1 Relative sampling error of moisture content, ash content and gross calorific
value in wood chips as a function of increment number for various numbers of sub-sample
tests.



EU — BioNorm Il — Deliverable D.1.8

3.5 Pellets (6mm)

3.5.1 Bias

No significant bias between the sampling methods was observed for the pellets material.
3.5.2 Analysis of Variance

Moisture: Significant differences in variance were found between both increment sizes and
sampling methods. However, no pronounced trend was observed. Figure 3.5.2.1 shows the
sampling error as a function of increment number for moisture content. A low confidence

interval was obtained due to low variability in pellets. The increment number and the number
of sub-sample tests affected the sampling error of the same order.
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Figure 3.5.2.1 Relative sampling error of moisture content in 6mm pellets as a function of
increment number for various numbers of sub-sample tests.

Ash: No significant difference in variance was observed for ash content in 6mm pellets.
Figure 3.5.2.2 shows the sampling error as a function of increment number for ash content.
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Figure 3.5.2.2 Relative sampling error of ash content in 6mm pellets as a function of
increment number for various numbers of sub-sample tests.
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As shown in figure 3.5.2.2 only the number of sub-sample tests affects the sampling error. A
rather high confidence level was obtained mostly due to the high relative repeatability
standard deviation for ash content of 14.4 %.

Mechanical durability: A significant difference in variance was found between increment
sizes for the conveyor sampling method, where the smallest increment size showed the
smallest variance. No difference between sampling methods was observed.

Figure 3.5.2.3 shows the extremely small sampling error a function of increment number for
mechanical durability.
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Figure 3.5.2.3 Relative sampling error of mechanical durability in 6mm pellets as a function
of increment number for various numbers of sub-sample tests.

4. Conclusions

For bark, wood chips and 6mm pellets easy interpretable results for most analytical
parameters have been obtained with small differences in variance and an observed bias
between the sampling methods only for the particle size distribution.

For the olive and grape residue a much more complicated situation was observed with
differences in variance between both increment sizes and sampling methods that in many
cases was contradictory. This was true especially for the major metallic elements. An
explanation to this might be the high degree heterogeneity of these materials. In most cases,
however, no bias was observed between the sampling methods.
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Part II. Sample reduction
1. Introduction

Part II contains tables and graphs displaying the results of the analysis of the data obtained in
the sample reduction experiments carried out by Partner 2 (CTI), Partner 3 (UNIVPM) and
Partner 4 (SLU).

These results are presented so that:
e The originators of the test results can check the accuracy of suspicious values;
e The partners in WPI can make an assessment of the results.

In each sample reduction experiment, a sample of biofuel was reduced to 16 sub-samples by
the application of one of the methods of sample reduction. Results are presented in the
following ways.

e Tables of averages, standard deviations, coefficients of variation, confidence interval
of the averages, repeatability standard deviation of the test methods and relative
repeatability standard deviation of the test methods.

e Graphs displaying the individual test results on the 16 sub-samples together with lines
representing one and two standard deviations, respectively.

The averages and standard deviations are calculated using the formulas given in paragraph
2.2. In work of the type presented here it is common to find a small proportion of outliers or
suspicious results in the data. Therefore outliers, detected by using the Dixons outlier test
(Dixon 1953), were rejected before the calculation of the average and the standard deviation.

The CoV expresses a standard deviation as a percentage of the corresponding average.
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2. Statistical methods
2.1. Symbols and abbreviations

The abbreviations used in the graphs are listed in Table 2.1.1.

Table 2.1.1 Key to abbreviations used in the graphs

Abbreviation | Description

C&Q Coning and quartering

RB Riffle box

LP Long pile

X Average

S Standard deviation

CoV Coefficient of variation

Conf.int. Confidence interval

F F-distribution

Sr Repeatability standard deviation of the test method
Sr. rel Relative repeatability standard deviation of the test method

2.2. Statistical calculations

The average, X and the standard deviation, s of the test results on the 16 sub-samples are
calculated as:

n

and

2
/ X; — X
s = Z:(I—l) , where x; is the individual test results and n is the number of sub-
n —

samples. Outliers according to Dixon (Dixon 1953) were eliminated before the calculation of
X and s.

Given the average X and standard deviation s of the test results on 16 sub-samples, the
coefficient of variation (CoV) is calculated as:

CoV = 100x> %
X

This formula is used with the results of moisture, ash and chloride determinations. With
determinations of particle size distribution, a modified formula (CoV”) is used:

CoV' = 100x— %

JiilOO—Yi
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This is because the results of particle size determinations must fall between 0% and 100%.

The confidence interval is used to decide whether the average for the various sample
reduction methods differ significantly and is calculated as:

Conf .int.:YJ_rti

Jn
where t is the Student’s t-factor for o = 0.05.

The F-distribtion is used to decide whether there is a significant difference in variance
between the various sample reduction methods. F is calculated from the following formula:

2
S
F =—, where s2>5s,2
SZ

If F is larger than the F.j-value obtained from a table of percentage points of the F-
distribution for o = 0.05, the variance s,” is significantly larger than s,”.

The repeatability standard deviation, s, of the test methods were determined either by
measuring 5 replicates of the general analysis sample from one sub-sample, or from the
analysis of variance (ANOVA) of duplicate determinations of the general analysis sample
from the 16 sub-samples respectively. s; is used to decide whether the variability of the
sample reduction is significantly larger than for the test methods. s; 1 expresses the
repeatability standard deviation as a percentage of the corresponding average.
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3. Main conclusions

- None of the methods of sample reduction used in the experiments gave disastrous results, so
no method can be ruled out from use in practice on the basis of these experiments.

- It is possible to make mistakes and obtain poor quality results with all the methods. Thus it
is important that technicians should regularly and routinely check the repeatability that they
achieve with whatever sample reduction methods they use.

- Table 3.1.1 gives the “preferred” methods (i.e. those that gave the least variation between
sub-samples) in each of the experiments. As was noticed, however, no method of sample
reduction was significantly better than the others in every case and in most cases no
significant difference in variability between the sample reduction methods was found (for
details, see discussion for the specific material). This means that the choice of sample
reduction method in most cases is decided from a practical point of view, i.e. time
consumption, number and size of sub-samples, etc. It should be pointed out, however, that the
long pile method is very time consuming and might affect i.e. moisture content, while the
riffle box is fast and convenient and it has also the advantage to collect all of the sub-sample
which reduces the risk of loosing fine particles during the reduction step.

- Determination of moisture was included in these experiments because of the importance of
moisture in biofuels, and because moisture is an example of a property that is not liberated
(i.e. every particle can be expected to contain a similar proportion of moisture). However in
some cases it has been observed that the moisture content in the materials alters noticeably
during the reduction process. Hence it is clearly important that reduction should be avoided
with samples that are taken for moisture determination and a sample size should be chosen so
that reduction is not necessary for such samples.

Table 3.1.1 Preferred methods for sample reduction

Material Moisture Ash Gross Particle size | Nitrogen | Potassium |Mechanical
calorific | distribution durability
value
Olive residue LP RB - - RB C&Q -
Grape residue RB C&Q - - LP LP -
Bark C&Q LP LP - - - -
Wood chips RB RB - RB - - -
Pellets (8mm) - RB - - - - LP
Pellets (6mm) - RB - - - - RB
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4. Discussion — Olive residue

From Table 4.1, no one method of sample reduction gave a significant smaller between sub-
sample standard deviation than the others for all three of the test methods.
e Moisture —Long pile and Coning & Quartering are significantly better than Riffle box.
e Ash — Riffle box is significantly better than Long pile.
e Potassium — Coning & Quartering is significantly better than Riffle box.
e Nitrogen — Riffle box is significantly better than Long pile.

Thus for determination of the studied parameters the choice of sample reduction method in
most cases is decided from a practical point of view, i.e. time, number and size of sub-
samples, etc. For moisture, as stated before, sample reduction should be avoided due to
alteration of moisture during the reduction step and a sample size should be chosen so that
reduction is not necessary for such samples.

From Table 4.1, ash and nitrogen determinations gave the highest CoVs and moisture
determinations the lowest CoVs.

The confidence intervals (Table 4.1) indicate that a significant difference in average between
at least two of the sample reduction methods is obtained for all parameters but ash content.
This is probably a consequence of the high degree of heterogeneity of the olive material.

The repeatability standard deviation (Table 4.1) is rather high for all parameters, which also
indicate a high degree of heterogeneity of the olive residue and that it is difficult to
homogenize the sub-sample before the analysis. By using a mill with a 0,2mm sieve and a
thorough homogenisation before the analysis, the repeatability standard deviation of the ash
content analysis was decreased by a factor of 5-10.

Figures 4.1 — 4.3 show the individual analyses results where outliers according to Dixon are
represented by unfilled symbols.



EU — BioNorm Il — Deliverable D.1.8

Table 4.1 Sample reduction of olive residue.

Moisture content Ash content
C&Q LP RB C&Q LP RB
X 5,35 10,70 491 9,46 10,21 10,53
s| 0,042 0,032 0,076 3,226 3,847 2,392
CoV 0,79 0,30 1,55 34,1 37,7 22,7
Conf.int.| 0,042 +0,017 10,094 +1,71 12,04 +1,27
Sr 0,94 1,67 2,48
St el 10,0 16,3 23,5
F=1,79 C&Qvs.LP Feit 005=2,46 |F=1,82 C&Q VvS. RB F it 005 =2,40
F=3,27 RBvs. C&Q Fgit00s =2,58 | F=1,42 LP vs. C&Q F it 005 =2,40
F=5,84 RBvs.LP  Fgi 005 =2,46 | F=2,59 LPvs. RB  F i 005 =2,40
Potassium content Nitrogen content
C&Q LP RB C&Q LP RB
X 5254 7973 6573 1,28 1,55 0,83
S 915 1269 1827 0,509 0,592 0,337
CoV 17 16 28 39,7 38,3 40,4
Conf.int. +485 +672 +968 10,27 10,31 +0,18
Sr 728 815 1174 0,23 0,21 0,26
St rel 13,9 10,2 17,9 18,1 13,5 30,8
F=1,92 LP vs. C&Q Fit 005 =2,40 | F=2,29 C&Q vs. RB F it 005 =2,40
F=2,07 RBvs.LP  Fqit 005 =2,40 | F=1,35 LP vs. C&Q F it 005 =2,40

F=3,98 RBvs. C&Q F it 005

=2,40

F=3,10 LP vs. RB Fcrit, 0,05

=2,40
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Figure 4.1 Sample reduction of wo by using coning & quartering. Test results, averages and
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deviation, — - — = two standard deviations). Unfilled symbols are outliers according to
Dixon.
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5. Discussion — Grape residue

From Table 5.1, no one method of sample reduction gave a significant smaller between sub-
sample standard deviation than the others for all three of the test methods.
e Moisture — Long pile and Riffle box are significantly better than Coning & Quartering.
e Ash — No significant difference in variability between the methods
e Potassium — Long pile is significantly better than Riffle box
e Nitrogen — Riffle box and Long pile are significantly better than Coning & Quartering.

However, Coning & Quartering was the only method that did show a significant higher
between sub-sample standard deviation compared to the other two and should be avoided
unless other reasons dominate. For moisture, as stated before, sample reduction should be
avoided due to alteration of moisture during the reduction step and a sample size should be
chosen so that reduction is not necessary for such samples.

From Table 5.1, moisture determinations gave the lowest CoVs while the other parameters
showed a similar CoV.

The confidence intervals (Table 5.1) indicate that a significant difference in average between
at least two of the sample reduction methods is obtained for all parameters. This is probably a
consequence of the high degree of heterogeneity of the grape material.

As for olive residue the repeatability standard deviation (Table 5.1) for grape residue is rather
high and varying in most cases, which also may indicate a high degree of heterogeneity of the
grape residue and that it is difficult to homogenize the sub-sample before the analysis.

Figures 5.1 — 5.3 show the individual analyses results where outliers according to Dixon are
represented by unfilled symbols.
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Table 5.1. Sample reduction of grape residue.

Moisture content (%)

Ash content (%)

C&Q LP RB C&Q LP RB
X 62,4 56,9 56,6 6,60 7,02 7,98
S 1,40 0,70 0,62 0,536 0,640 0,799
CoV 2,3 1,2 1,1 8,1 9,1 10,0
Conf.int.| *0,74 +0,37 +0,33 +0,28 +0,34 +0,42
Sy 0,47 0,42 1,29
St rel 6,8 6,2 19,3
F=1,28 LPvs.RB  Fit 005 =2,40 |F=1,42 LP vs. C&Q F it 005 =2,40
F=4,07 C&Q vs. LP Fit 005 =2,40 |F=1,56 RBVvS.LP  F it 005 =2,40
F=5,21 C&Q vs. RB F it 005 =2,40 |F=2,22 RB vs. C&Q F it 005 =2,40
Potassium content (mg/kg) Nitrogen content (%)
C&Q LP RB C&Q LP RB
X 15727 23414 20251 2,36 2,70 2,56
S 2694 1888 2964 0,315 0,147 0,178
CoV 17,1 8,1 14,6 13,3 54 6,9
Conf.int.| * 1428 +1001 * 1571 + 0,167 + 0,079 + 0,094
s| 1630 576 999 0,19 0,45 0,15
St rel 11,6 2,6 5,4 8,8 15,0 7,2
F=2,03 C&QVs. LP Fit 005 =2,40 |F=1,47 RBvS.LP Fi 005 =2,51
F=1,21 RBvs. C&Q F it 005 =2,40 |F=3,13 C&Q vS. RB F it 005 =2,53
F=2,46 RBvsS.LP Fgit00s =2,40 |F=4,59 C&Q Vvs.LP F i 005 =2,46
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Figure 5.1. Sample reduction of grape residue by using coning & quartering. Test results,
averages and between sub-sample standard deviations. ( = average,— - —— =one
standard deviation, — . — . = two standard deviations).
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EU — BioNorm Il — Deliverable D.I.8
Moisture Ash
Bl —  — - — s — - — e — s — s — e — e — - — 9 1 - — g~ - —  —— - — - — - — - — - — - -
* . 2
G e e . = — gl { e — — — . e

- * e * * - .

S 866 * + zam *

g * * . £ + * . *

ESE,D ———Q————‘———f —————— 2121.___’_‘__0___0__ _____
g544 - — - — - —- S LT LTI EE T - Bfflala e a e e n e e e e T
548 T : T ) 5,51 :

0 5 10 15 20 5 10 15 0
Sub-sample {Nr} Sub-sample (Nr}
Potassium Nitrogen
W9y — - —g— 2929 — - — - — = — s — - — — - —
2, — — = —a — — — — _———
§23215-——’———¢—’7———’————— 255 | ® TQQ’ * k4

2 2ot * 4 + + 2om| ¥ _ T _ & & o

£ . + % 2204 - — - — - — i — o — . *> — - — - — - -

§ 17287 4 : —————— x T —— — — — — = 2,0

L * = 185 o

g 1! — - — - — s — == — = = =

1,67 4
11358 . 1,49 <
i 5 10 15 20 5 10 15 20

Sub-sample {Nr)

Sub-sample {Nr)

Figure 5.3. Sample reduction of grape residue by riffle box. Test results, averages and
= average, - - - - = one standard
deviation, — - — =two standard deviations). Unfilled symbols are outliers according to

between sub-sample standard deviations. (

Dixon.




EU — BioNorm Il — Deliverable D.1.8

6. Discussion - bark

From Table 6.1, no significant difference in between sub-sample standard deviation was
found for the sample reduction methods.

Thus for determination of the studied parameters the choice of sample reduction method in
most cases is decided from a practical point of view, i.e. time, number and size of sub-
samples, etc. For moisture, as stated before, sample reduction should be avoided due to
alteration of moisture during the reduction step and a sample size should be chosen so that
reduction is not necessary for such samples.

From Table 6.1, ash determination gave the highest CoV compared to the other methods
which was expected.

The confidence intervals (Table 6.1) indicate that a significant difference in average between
at least two of the sample reduction methods is obtained for all parameters. This is probably a
consequence of the fact that the sample reduction experiments were carried out on two
different sub-lots.

The repeatability standard deviation (Table 6.1) is low, which indicate a high degree of
homogeneity within the sub-samples.

Figures 6.1 — 6.2 show the individual analyses results.

Table 6.1. Sample reduction of bark.

Moisture content (%) Ash content (%) Calorific value (MJ/kg)
C&Q LP C&Q LP C&Q LP
X 54,2 56,2 6,53 7,60 20,00 19,77
s 0,311 0,333 0,409 0,367 0,090 0,074
CoV 0,57 0,59 6,3 4,8 0,45 0,37
Conf.int. 0,165 0,177 0,217 0,194 0,048 0,039
S 0,041 0,021 0,017 0,020
Sr_rel 0,6 0,3 0,1 0,1
F=1,15 F i 005 =2,40 |F=1,24 F 4005 =2,40 |F=1,49 F it 005 =2,40
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7. Discussion — pellets (8 mm)

From Table 7.1, no significant difference in between sub-sample standard deviation was
found for the sample reduction methods. Thus for determination of the studied parameters the
choice of sample reduction method in most cases is decided from a practical point of view, i.e.
time, number and size of sub-samples, etc.

From Table 7.1, the CoV for the ash determination was of the same order as the relative
repeatability standard deviation which is a consequence of the low ash content in pellets and
indicates that the obtained sub-sample standard deviation is equal or less than the standard
deviation of the analytical method.

The confidence intervals (Table 7.1) indicate that a significant difference in average between
at least two of the sample reduction methods is obtained for the ash content. This is probably
not caused by the reduction methods but rather by the fact that three different pellets sacks
were used for the sample reduction methods, respectively.

The repeatability standard deviation (Table 7.1) is rather high for the ash content, which is
caused by the low ash content of the pellets material compared to the standard deviation of the
analytical method.

Figures 7.1 — 7.3 show the individual analyses results where outliers according to Dixon are

represented by unfilled symbols.

Table 7.1. Sample reduction of pellets (8 mm).

Ash content (%) Mechanical durability (%)
C&Q LP RB C&Q LP RB
X 0,361 0,344 0,342 96,7 96,8 96,9
s| 0,0186 0,0234 0,0151 0,12 0,09 0,13
CoV 5,2 6,8 4,4 0,06 0,05 0,13
Conf.int.| 0,0099 0,0124 0,0080 0,15 0,09 0,07
Sy 0,034 0,019 0,029
S rel 9,5 5,4 8,5
F=1,51 C&Qvs. RB Fit00s =2,40 |F=1,72 C&QVvs.LP  F it 005 =2,48
F=1,59 LP vs. C&Q F it 005 =2,40 |F=1,12 RBvs. C&Q F it 005 =2,46
F=2.401P vs RB Eowoo. =240 J1F=193 RBvs | P Eowoo. =246
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8 Discussion — pellets (6 mm)

A significant lower between sub-sample standard deviation was found for the riffle box
compared to the other methods for the ash content determination (Table 8.1). For mechanical
durability long pile and riffle box showed lower standard deviation compared to coning &
quartering. Since the riffle box is a too rough method when analyzing mechanical durability,
however, the long pile method is recommended for this method.

From Table 8.1, the CoV for the ash determination was of the same order as the relative
repeatability standard deviation which is a consequence of the low ash content in pellets
together with a high inhomogeneity of the material and indicates that the obtained sub-sample
standard deviation is equal or less than the standard deviation of the analytical method.

The confidence intervals (Table 8.1) indicate that a significant difference in average between
at least two of the sample reduction methods is obtained for both parameters. This is probably
not caused by the reduction methods but rather by the fact that three different pellets sacks
were used for the sample reduction methods, respectively.

The relative repeatability standard deviation (Table 8.1) is rather high for the ash content,
which is probably caused by the inherent heterogeneity and the low ash content of the pellets
material compared to the standard deviation of the analytical method.

Figures 8.1 — 8.3 show the individual analyses results where outliers according to Dixon are

represented by unfilled symbols.

Table 8.1. Sample reduction of pellets (6 mm).

Ash content (%) Mechanical durability (%)
C&Q LP RB C&Q LP RB
X 0,613 0,540 0,470 96,4 96,4 96,6
s| 0,1337 0,1940 0,0803 0,29 0,16 0,12
CoV 21,8 35,9 17,1 0,30 0,16 0,12
Conf.int.| 0,0709 0,1028 0,0426 0,15 0,08 0,07
Sy 0,102 0,126 0,077
St rel 23,5 24,8 16,8
F=2,77 C&Q vs. RB F it 005 =2,40 |F=1,84LPvs.RB  F i 005 =2,53
F=2,11 LP vs. C&Q F it 005 =2,40 |F=3,35 C&Q Vvs.LP F i 005 =2,40
F=5831PVvs. RB Fouoo =240 |F=617C&OVS. RB F oo =2.53

Ash Durability
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Figure 8.1. Sample reduction of pellets (6 mm) by using coning & quartering. Test results,

averages and between sub-sample standard deviations. ( = average,— - —— =o0ne
standard deviation, — . — . = two standard deviations).
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Figure 8.2. Sample reduction of pellets (6 mm) by using long pile. Test results, averages and

between sub-sample standard deviations. ( = averages, - - - - = one standard
deviation, — - — = two standard deviations).
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Figure 8.3. Sample reduction of pellets (6 mm) by riffle box. Test results, averages and
between sub-sample standard deviations. ( = averages, - - - - = one standard
deviation, — . — . = two standard deviations). Unfilled symbols are outliers according to
Dixon.
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9 Discussion — Wood chips

From Table 9.1, no one method of sample reduction gave a significant smaller between sub-
sample standard deviation than the others for all three of the test methods.
e Moisture —No significant difference in standard deviation was found between the
sample reduction methods
e Ash — The long pile and riffle box methods have a significant lower standard deviation
compared to the coning & quartering method.
e Particle size <l6mm>8mm, , <Smm>3mm — No significant difference in standard
deviation between the methods
e Particle size <8mm>5mm — Riffle box has a significant lower between sub-sample
standard deviation compared to coning & quartering. No significant difference was
found between the long pile and the coning & quartering method, or between the long
pile and the riffle box method.
e Particle size <3mm>2mm — Riffle box has a significant lower between sub-sample
standard deviation compared to the other methods
e Particle size <2mm — Riffle box has a significant lower sub-sample standard deviation
compared to the long pile method. No significant difference was found between the
riffle box and the coning & quartering method, or between the long pile and the
coning & quartering method.

Thus for determination of the studied parameters the choice of sample reduction method in
most cases is decided from a practical point of view, i.e. time, number and size of sub-
samples, etc. For moisture, as stated before, sample reduction should be avoided due to
alteration of moisture during the reduction step and a sample size should be chosen so that
reduction is not necessary for such samples.

From Table 9.1, moisture determinations had the lowest CoVs of 0,3 % while the other
parameters showed CoVs between 2 - 6 %.

The confidence intervals (Table 9.1) indicate that a significant difference in average between
the sample reduction methods is obtained for all parameters. This is probably a consequence
of the heterogeneity of the wood chip material.

Figures 9.1 —9.3 show the individual analyses results where outliers according to Dixon are
represented by unfilled symbols.
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Table 9.1. Sample reduction of wood chips.

Moisture content

Ash content

C&Q LP RB C&Q LP RB
X | 4840 49,51 50,38 0,588 0,765 0,743
s| o014 0,17 0,11 0,033 0,020 0,018
cov| 0,30 0,34 0,23 55 2,6 2,4
Conf.int.| +0,077 | +0090 | +0060 | +0025 | +0011 [ +0010
F=1,39 LPvs. C&Q Fei005=2,40 |[F=1,23LPVs.RB  F it 005 =2,46

F=1,61 C&Q vs. RB Fgit 005 =2,46

F=2,23 LPVs. RB  Fey 005 =2,46

F=3,24 C&Q vs. RB F g .05
F=2,64 C&QVS. LP F ot .05

=2,42
=2,55

Particle size <16mm>8mm

Particle size <8mm>5mm

C&0 Lp RB C&0 Lp RB
X 13,72 14,03 12,33 35,59 36,05 34,3
S 0,93 1,10 0,88 0,78 0,57 0,38
CoV 2,72 3,17 2,66 1,62 1,18 1,18
Conf.int. + 0,50 + 0,58 + 0,46 +0,41 + 0,30 +0,30
F=1,38 LP vs. C&Q F crit, 0,05 =2,40 | F=4,28 C&Q vs.RB F crit, 0,05 =2,40
F=1,58 LPvs. RB F crit, 0,05 =2,40 | F=1,86 C&Q vs. LP F it 005 =2,40
F=1,14 C&QVS. RB F i 005 =2,40 |F=2,30 LP vs. RB  Fom 005 =2,40

Particle size <5mm>3mm

Particle size <3mm>2mm

C&Q LP RB C&Q LP RB
X 32,48 31,29 33,14 8,02 7,83 8,35
S 0,89 0,75 0,74 0,45 0,46 0,26
CoV 1,90 1,61 1,56 1,66 1,71 0,95
Conf.int. +0,47 +0,39 +0,39 +0,24 +0,24 +0,14
F=1,43 C&Qvs.LP F i 005 =2,40|F=2,94 C&Q vs. RB F it 005 =2,40
F=1,02 LP vs. RB F it 0,05 =2,40 | F=1,04 LP vs. C&Q F ¢t 005 =2,40
F=1,46 C&Qvs. RB F i 005 =2,40|F=3,06 LPvs. RB F i 005 =2,40
Particle size <2mm
C&Q LP RB
X 9,67 10,17 10,98
S 0,39 0,55 0,35
CoV 1,32 1,83 1,12
Conf.int. +0,21 +0,29 +0,19
F=2,01 LPvs. C&Q Fit 005 =2,46
F=2,51 LPvs.RB F rit, 0,05 =2,40
F=1,25 C&Qvs. RB F i 005 =2,48
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Figure 9.1. Sample reduction of wood chips by using coning & quartering. Test results,
averages and between sub-sample standard deviations. ( = average,- - - - =o0ne
standard deviation, — . — . = two standard deviations). Unfilled symbols are outliers
according to Dixon.




EU — BioNorm Il — Deliverable D.1.8

Moisture Ash
il epei e e e e = e —e s e =D nesq - —-—-—-—- - — $p— - - — —"
- N .
%49,58"——‘——‘—“———‘—’———— ED'TSS____'_‘__T_____
E 48,51 e -+ 5 0,765 < L =
'54934____’_"____0__Q___ “0345___:___ _*_
= ' ' »> 0’_
tEhlf e f el e=aie=a e e e e e =G [IhrEkig e ==a ==aie=ia = o == o =—a = o
-
48,00 T T T ] 0,705 T T T ]
0 5i 10 148 20 0 5 10 15 20
Subsample {Nr) Subsample (Nr)
Particle size <16mm=8mm Particle size <Bmm>5mm
*
o RGPS SRS S S s e e e e e =
B2 - — - — s — s — s — s — s — . — - — = 9
o % 3662 * ’.
515.13————‘——————‘——— - E X . *
8 * +* N 3605 £
= 14,03 " 4 " & ] &>
. ¥ v v * £ 3548 Pl *
'-.-:1233 _‘_____1_* ______ — .E ! 4*’ EJd
5 * * S MIN{— e — - — - — - — s — - — - — -
115 51| [Ty SRS U S S S S S S
3434 T T T \
07E 0 5 10 15 20
0 H 10 15 20
Subsample (Mr] Subs ample (Nr)
Particle size <Smm=3Imm Particle size <3mm>2mm
TR — s — - — e — e — e — s — o — L B75 — e ——
= = >
_%32,04*#4——.?— =—=—c—=—c— 2EH=——— — 3 —_—— — — -
S ym| e Xad TR N S A N *e
@ * , * @ * b * *
e oE frw - — e ————*__
t £
F@EA-— === — = - 5,91--—-—-—-—-—-’—-—0—-—-—
23106 : — : ; 545 .
u} 5 10 15 20 o 5 10 15 20
Subsample {Nr) Subsample (Nr)
Particle size <2mm
M —— o — s — s — e — e — e — . — .
= *
E 1072 ——’—;—’v— > — — -
S 1017 s *
2 op T ¢ *et
= o1 | * - - - _ _ Z _ _
= +*
2 95— - — - — - — - — - N e
841 T
u] 5 10 15 20
Subsample {Nr)

Figure 9.2. Sample reduction of wood chips by using long pile. Test results, averages and
between sub-sample standard deviations. ( = averages, — - - - = one standard
deviation, — . — . = two standard deviations).
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Figure 9.3. Sample reduction of wood chips by riffle box. Test results, averages and between
= average, - - — - = one standard deviation, — . —.

sub-sample standard deviations. (

= two standard deviations). Unfilled symbols are outliers according to Dixon.
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