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Abstract: Analysis of wood chippings frac-
tions utilized for energy purposes. The real-
ized research was aimed at determining the 
water content, size and fractions of wood 
chippings obtained using different technolo-
gies. Average absolute water content of the 
tested wood chippings was between 43–90% 
and may serve as a basis for  nancial settle-
ments between the suppliers and the power 
companies. The obtained fraction distribu-
tion results enable conclusion that regardless 
of the material type the largest fraction is 
the one with particles of 6–32 mm. The best 
quality of wood chippings are obtained from 
round wood and they meet the requirements 
of the PN-91/D-95009 norm for fuel wood 
chips. The chippings produced in woodland 
areas from forest cutting refuse do not meet 
the above-mentioned requirements and con-
tain about 30% of contaminants and trees re-
maining in the forest cutting area after clear-
ing with thin branches with needles. In order 
to achieve better composition, wood chip-
pings from forest clearing waste should be 
mixed in appropriate proportion with wood 
chippings from cutting round wood.

Key words: forest biomass, bio-fuels, energy, frac-
tion, bundles, wood chippings 

INTRODUCTION

Biomass of tree origin may be divided 
into pure wood biomass and forest bio-
mass. The wood chippings obtained from 
pure wood biomass are produced during 
cutting of different types of wood (round 
wood, wood blocks, sawmill refuse) 
which result in, generally, uniform ma-
terial. Forest biomass that is utilized as 
fuel for energy purposes are forest cut-
ting refuse consisting of branches, tree 
tops, undersized fragments and sub-
-standard round wood [Ordinance of the 
Minister of Economy 2012], bundles 
and forest chippings (Fig. 1). The de  n-
ing characteristic of forest biomass from 
forest cutting waste is high content of 
green elements (leaves, needles), bark 
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FIGURE 1. Forest biomass: a – forest cutting refuse, b – sub-standard round wood, c – wood chippings 
(Photo A. Gendek)
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and mineral contaminants. This mater-
ial is characterized, when compared to 
pure wood chippings, by relatively high 
differentiation into different fractions 
– small branches, cutting waste, needles 
or leaves.

Diversi  ed composition and physi-
cal-chemical properties of forest biomass 
result in this material being dif  cult and 
problematic in combustion processes 
realized by power companies, which are 
in most cases optimized for coal burning. 
The problems here are not limited only 
to the storage of forest biomass but also 
feeding the combustion furnaces and 
the combustion process itself [Karcz et 
al. 2010, Skr ta 2012, Sadowski 2013]. 
There are also challenges related to uti-
lization or removal of ashes of differing 
chemical composition – after the chip-
pings are burned [Kowalkowski and 
Olejarski 2013].

Despite the many negative factors, 
forest chippings will be the biomass 
of the future as chippings from other 
sources shall not ful  l the demand of 
the energy sector. According to differ-
ent analyses, in the next 5 years the de-
mand for biomass may increase by about 
2.5 times. Taking into consideration 
problems related to collection of pure 
wood biomass from sawmills and limits 
faced by combustion of full-value round 
wood, forest biomass in form of chip-
pings will be the basic resource to meet 
the requirements of the energy producers 
[Muras 2012, Skr ta 2012].

An important element in the whole 
chain of energy production of the forest 
chippings will be adjusting the material 
to the requirements of the buyers. The 
length of chippings used as energy fuel 
according to PN-EN 14961-4, should 

not exceed 63 mm, and in the most strict 
class P45 allowed is content of 6% chip-
pings longer than 63 mm but not longer 
than 120 mm. The literature provides 
ample study results on distribution of 
particles of chipped plant-based material 
[Lisowski et al. 2008a, Lisowski et al. 
2014], including wood chippings [Birta 
et al. 2008, Gendek and Nawrocka 2014]. 
The produced chippings, whether in the 
forest or at the premises of the buyer 
may serve as a  nal product or may re-
quire additional processing. The current 
technologies utilized in combustion of 
biomass in local power generation and 
industrial energy generation or process-
ing the said biomass into enriched fuels, 
require proper preparation of the input 
material based on, in most cases, ad-
ditional chipping or reduction of water 
content below 15% [Alakangas 2005].

PRODUCTION TECHNOLOGY 
OF FOREST CHIPPINGS

The technology of production of forest 
chippings for energy purposes is mostly 
dependent on the type of material avail-
able in the forest area that serves as 
source of the chippings. The most advan-
tageous technology as far as the physical 
and chemical composition and transport 
is concerned is production of forest chip-
pings from sub-standard round wood. 
Such chippings are usually uniform as far 
as their content is concerned and contain 
relatively low levels of mineral contami-
nants. In this technology there are two 
basic methods of production of forest 
chippings are utilized: timber yard and 
transporting the chippings to the buyer. 
The second one is based on transporting 
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round wood to the buyer and chipping 
it on the buyer’s premises, mostly by 
stationary chippers [Rzadkowski 1995, 
Jod owski 2003, Ró a ski and Jab o ski 
2003, 2010, Moskalik and Ostolska 2011, 
Nurek, Gendek 2012, Moskalik 2013]. 

A different option is to obtain for-
est cutting refuse and chipping those 
[Jod owski 2003, Zychowicz and Gen-
dek 2009, Moskalik and Ostolska 2011, 
Nurek and Gendek 2012, Moskalik 
2013, Stachowicz 2013, Gendek and 
Nawrocka 2014]. Such chipped material 
takes form of green chippings with high 
content of needles, leaves and small, thin 
branches. The quality and composition 
of such material is to a large extent deter-
mined by the age and composition of the 
forest from which it was obtained. A sig-
ni  cant challenge faced by this technol-
ogy is the quality of the biomass, storage 
and warehousing of the chippings. When 
there is no possibility of seasoning the 
forest cutting refuse in the forest itself 
the produced chippings include too high 
percentage of green material (in light of 
the requirements of the buyers), have too 
high water content and in many cases 
contain mineral contaminants – mostly 
sand and forest  oor elements. High wa-
ter content has negative impact on stor-
age – the chippings boil, the decay starts 
early, the heaps may self-ignite – and 
also is disadvantageous for the suppliers 
if the settlement is based on the calori  c 
value of the delivered material. This also 
requires additional and costly drying 
processes in order to achieve the required 
water content [Gendek and G owacki 
2009, G owacki Gendek 2011].

A different technology used to ob-
tain forest biomass intended for energy 
utilization is bundling of the refuse 

[Zychowicz and Sosnowska 2007, Sa-
dowski 2008, Nurek and Gendek 2012, 
Moskalik 2013, Stachowicz 2013]. In 
such cases the bundling machine moves 
over the forest area, collects the refuse 
and compacts them creating bundles of 
about 2.5–3 m in length and 60–70 cm 
in diameter. Depending on the settings 
of the device, the compacting factor, 
type of material and its water content, 
the weight of a single bundle may be be-
tween 250–500 kg. Next, using forward-
ers or tractors with mechanical skidding 
trailers are moved to storage spaces from 
where they are transported by lorries to 
the buyer [Nurek and Gendek 2012, Zy-
chowicz and Gendek 2013]. The advan-
tage of the bundles is the possibility of 
seasoning before chipping and decreased 
transport costs in comparison to the chip-
pings themselves. The compacted forest 
cutting refuse takes less space in stor-
age, decrease their water content well 
and cases of self-ignition are virtually 
non-existent – which is a real risk when 
storing chippings in heaps. During stor-
age, with the loss of water content the 
green material is lost (needles) and min-
eral contaminants are washed-out (sand). 
When this is followed by chipping, the 
result is wood chippings of higher qual-
ity and increased operating life of the 
chipper. There exist technologies that 
burn whole bundles without the need 
to chip them however in case of Polish 
power companies such bundles must be 
chipped down into wood chippings. In 
such a case, bundling of forest cutting 
refuse is an additional process required 
to obtain the forest biomass for energy 
purposes (before chipping) that re-
quires a specialist machine and increases 
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energy expenditure and cost of the whole 
technology.

The energy companies in most cases 
settle with the biomass (chippings) sup-
pliers on basic of calori  c value. There-
fore the origin of the chippings is of high 
importance just as their fraction distri-
bution, share of individual components, 
such as: wood, bark, needles, mineral 
contaminants and water content. The 
forest biomass provided to the power 
companies is varied in relation to such 
parameters, as water content, calori  c 
value or wood type and its fractions, 
which results in  uctuations of oxygen 
content in the combustion chamber and 
thus increased emission of toxic by-
products of combustion [Sadowski 2013, 
Nowak and Weso owska 2013, Gendek 
and Zychowicz 2014].

The aim of the realized research was 
to determine the fractions and water 
content of forest chippings obtained and 
produced using different technologies 
and to relate the  ndings to the norms 
concerning such materials.

MATERIAL AND METHODS

The studied chippings were obtained 
from a company specializing in produc-
tion of biomass for energy purposes. De-
pending on the technology, the chippings 
were produced directly in the forest or in 
the yard of the producer. In the forest ar-
eas the chipped material was the forest 
cutting refuse (assortments M1 and M2) 
and in the yard the chipped and seasoned 
were bundles and round wood (assort-
ments S and W). The study utilized for-
est chippings obtained from round wood 
and forest cutting refuse obtained using 

various technologies. For every mate-
rial type, a number of samples was taken 
from random locations in heaps and con-
tainers, with volume of about 60–80 l. 
The markings and characteristics of the 
material from which the chippings were 
produced are presented in Table 1.

In order to determine the water con-
tent the drying-weighting method was 
used. The random samples were placed 
in laboratory containers and weighted 
with accuracy of 0.01g. After the weight 
was determined, the samples were 
placed in a laboratory dryer with forced 
air movement and temperature control 
within +/– C. The drying process was 
realized in temperature of 104 C until 
the samples achieved a constant mass. 
On basis of the humid (mw) and dry (ms) 
samples determined was the absolute hu-
midity of the sample (Wb) using the re-
lationships detailed in PN-EN 13183-1: 

100 [%].w s
b

s

m mW
m

The water content was established for 
the primary material (the basic material 
was the collected chippings which con-
sisted of both wood, needles, bark and 
other contaminants) and also for manu-
ally separated wood, green material, 
bark and other contaminants and parti-
cles smaller than 6 mm that remained on 
the bottom of a sieve separator.

In order to determine the size dis-
tribution of the chippings utilized was 
a sieve separator developed in the 
Warsaw University of Life Sciences – 
SGGW Faculty of Agricultural and For-
est Machines [Lisowski et al. 2008]. The 
advantage of the separator is that it does 
not require any special processing of the 
material nor its drying before the proc-
ess. The collected material in batches of 
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about 10 l was sieved through a series 
of sieves with hole diameters of: 60, 50, 
40, 32 and 6 mm. Particles smaller than 
6 mm were collected at the bottom of 
the separator. The given hole diameters 
respond to average geometric size of a 
particle remaining on a given sieve cal-
culated on basis of equation (4) and be-
ing (respectively): 94.87, 54.77, 44.72, 
35.78, 13.86, 3.00 mm. During separa-
tion process, the separator realized a 
complex movement resulting from the 
used crank mechanism and side guides. 
The frequency of the movement of the 
sieve basket was 2.4 Hz and it was main-
tained by 120 s until the rotational speed 
stabilized. After  nished separation the 
material remaining on every sieve and 
the bottom of the assembly was weight-
ed with accuracy of 0.1 g. Additionally 

all particles larger than 150 mm and re-
maining on the 60 mm sieve were meas-
ured using callipers. For every material 
type  ve such separation processes were 
realized and the collected data was used 
to obtain the average values.

Geometric average of particle distri-
bution and the geometric standard de-
viation was calculated using equations 
[Lisowski 2010 – Ed.]:
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TABLE 1. Characteristics of forest material used for production of chippings

Desig-
nation Species Wood type Chipping location Chipper

ZRE-1 adler round wood medium-sized (S) and 
large-sized (W) at buyer’s yard stationary 

electric

ZRE-2 spruce forest cutting refuse (M1, M2) directly in forest mobile with 
container

ZRE-3 pine round wood medium-sized (S) at buyer’s yard stationary 
electric

ZRE-4 spruce from 
bundles

small-size and forest cutting refuse 
(M1, M2) bundled, seasoned to 
2–4 months

at buyer’s yard stationary 
electric

ZRE-5 pine + forest 
 oor

small-size wood, forest cutting refuse 
(M1, M2), forest  oor deciduous directly in forest mobile with 

container

MIE-1 mixture 1
adler round wood average- and large-
-sized (S, W), spruce from forest cut-
ting refuse (M1, M2)

adler – at buyer’s 
yard;
spruce – in forest

stationary 
electric, 
mobile with 
container

MIE-2 mixture 2 pine, spruce, maple, deciduous forest 
 oor, round wood (S)

pine, maple – at 
buyer’s yard;
pine, spruce, maple, 
forest  oor – in 
forest

stationary 
electric, 
mobile with 
container
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where:
xg – geometric distribution average 
[mm];
mi – material weight on n-th sieve [g];
xsi – average particle length on n-th 
sieve;
sg – geometric standard deviation [mm];
xi – hole size of n-th sieve [mm];
xi-1 – hole size of sieve above the n-th 
sieve [mm].

After separation the percentage con-
tent of contaminants was established. 
The contaminants were removed from 
fractions larger than 6 mm by hand. The 
material was weighted with accuracy of 
0.01 g.

RESULTS

The water content of chippings obtained 
for the study, measured immediately af-
ter receiving the material from the forest 
was 43–90%, the average value for  ve 
samples was 69.62 and 65.72% for the 
wood itself, which means that the chip-
pings were created using fresh wood (Ta-

ble 2). The total average water content 
calculated for all samples was 61.89%. 
In case of wood chippings of ZRE-3 
sample, i.e. pine chippings obtained 
from round wood the situation was dif-
ferent. Prior to chipping, this wood was 
stored for about 24 months in a closed 
room (warehouse) and the average water 
content for this type was 13.88%.

Highest water content was observed 
for samples ZRE-2, MIE-1 which were 
produced of adler wood and pine for-
est cutting refuse. In case of these sam-
ples a key factor is the green material 
content (needles) which has the high-
est water content – respectively 118.81 
and 141.48%. As evidenced by results 
presented in Table 2, the samples char-
acterized by high level of needles (char-
acterized by high water content) are 
characterized by the highest level of wa-
ter content overall. An interesting fact is 
the lower water content of sample ZRE-
-5, which contained green material from 
deciduous trees, characterized by lower 
water content than the needles.

TABLE 2. Average water content of material collected for the research 

Designation
Water content [%]

input material wood green 
elements

bark and other 
contaminants

particles
< 6mm

ZRE-1 75.15 73.93 n.o. 74.34 81.08
ZRE-2 87.26 85.02 118.81 76.86 82.93
ZRE-3 13.88 13.86 n.o. 13.56 13.98
ZRE-4 61.26 52.30 102.84 n.o. 60.91
ZRE-5 60.00 52.89 69.37 84.04 62.18
ZRE-6 64.44 64.44 n.o. n.o. n.o.
MIE-1 90.06 76.76 141.48 111.11 77.43
MIE-2 43.03 39.41 n.o. n.o. 57.52
Average 61.89 57.33 108.13 71.98 62.29

n.o. – not measured or a given fraction does not exist.
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A relatively low water content 
(43.03%) in relation to the remaining 
chippings was exhibited by MIE-2 chip-
pings consisting of a mixture of pine, 
spruce and maple chippings. Addition 
of dry pine chippings (ZRE-2) resulted 
in a signi  cant overall decrease in wa-
ter content. Taking into consideration 
the requirements of power companies 
which allow maximum water content of 
about 50–60% (value set individually by 
companies) only the ZRE-2 and MIE-2 
chippings meet such requirements. The 

remaining types of chippings require 
seasoning in controlled conditions that 
would result in decrease of the water con-
tent or addition of chippings with lower 
water content. On basis of data presented 
in Table 2 it can be concluded that the 
water content of chippings (input mater-
ial) is in  uenced by the share of green 
material, bark and small particles.

Average share of different fractions 
in the individual samples was presented 
in Table 3. The fraction below 6 mm can 
be, practically, assumed to be contami-

TABLE 3. Share of individual fractions in different chipping groups

Designa-
tion

Fraction 
[mm]

Share of fraction [%]

average conf.
–95.00%

conf.
+95.00% SD vari-

ance SE min. max.

1 2 3 4 5 6 7 8 9 10

ZRE-1

>60 0.38 0.00* 1.11 0.59 0.35 0.26 0.00* 1.34
60–50 0.79 0.00* 1.66 0.70 0.49 0.31 0.00* 1.48
50–40 1.44 0.65 2.24 0.64 0.41 0.29 0.89 2.40
40–32 5.81 3.68 7.94 1.71 2.93 0.77 3.88 8.20
32–6 89.78 87.09 92.46 2.16 4.68 0.97 88.02 93.12
<6 1.80 1.54 2.06 0.21 0.04 0.09 1.51 2.09

ZRE-2

>60 5.71 3.06 8.35 2.13 4.53 0.95 3.50 9.25
60–50 4.64 2.02 7.26 2.11 4.45 0.94 2.55 8.15
50–40 4.30 3.07 5.53 0.99 0.98 0.44 3.35 5.82
40–32 6.94 5.23 8.65 1.38 1.89 0.62 5.07 8.78
32–6 52.88 50.49 55.27 1.93 3.71 0.86 50.22 54.70
<6 25.53 23.83 27.24 1.37 1.89 0.61 24.47 27.88

ZRE-3

>60 2.00 0.31 3.69 1.36 1.85 0.61 0.24 3.83
60–50 0.56 0.00* 1.21 0.52 0.28 0.23 0.00* 1.11
50–40 1.06 0.24 1.88 0.66 0.43 0.29 0.21 2.05
40–32 3.14 1.91 4.37 0.99 0.98 0.44 1.85 4.44
32–6 77.45 75.41 79.49 1.64 2.69 0.73 75.80 80.10
<6 15.78 13.30 18.26 2.00 3.99 0.89 13.79 18.99

ZRE-4

>60 0.96 0.27 1.64 0.55 0.30 0.25 0.00* 1.42
60–50 1.77 0.00* 3.79 1.63 2.65 0.73 0.00* 4.11
50–40 1.95 0.58 3.32 1.10 1.21 0.49 0.74 3.36
40–32 3.34 1.97 4.71 1.10 1.21 0.49 2.04 4.91
32–6 66.99 63.53 70.45 2.78 7.75 1.24 64.45 71.21
<6 24.22 20.20 28.24 3.24 10.47 1.45 21.08 29.43
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nants. Its main component are mineral 
substances, mostly sand, needles, forest 
 oor particles, humus, small bark parti-

cles. In all types of wood material tested 
there were larger particles (above 6 mm) 
that were not wood – it was mostly tree 
bark – and its share in individual sam-
ples was presented in Table 4. In all 
cases the most frequent was the 6–32 mm 
fraction whose share in the total sample 
was between 52.7 and 89.8% (Table 3). 
The largest share of this fraction was ob-
served in case of chippings obtained from 
round pine wood (ZRE) and adler wood 
(ZRE-3). In those cases the chippings 
were produced from round wood using 
an electric chipper at the buyer’s yard. 
These chippings were also characterized 
by relatively small share of contaminants 
– mostly bark – with dimensions larger 

than 6 mm. Share of such contaminants 
was 7.44% for pine and 5.07% for adler.

The second most frequent fraction 
was fraction beyond 6 mm which was 
collected at the bottom of the separa-
tor – its share was from 1.80 (ZRE-1) 
to 25.53% (ZRE-2). Only in case of 
ZRE-1 material (adler chippings from 
round wood) the largest fraction was the 
32–40 mm range – 5.81%. The smallest 
fraction – less than 6 mm – consisted, 
in every case, mostly of needles, bark, 
small wood particles and mineral con-
taminants. This fraction can be treated as 
small contaminants present in the chip-
pings.

In case of chippings produced direct-
ly in the forest of spruce refuse (ZRE-2) 
noted was the smallest share of fraction 
6–32 mm (52.7%) and the largest share 

TABLE 3 cont.
1 2 3 4 5 6 7 8 9 10

ZRE-5

>60 5.21 0.23 10.19 4.01 16.09 1.79 1.97 11.65
60–50 6.10 4.89 7.30 0.97 0.95 0.43 4.61 7.08
50–40 7.69 3.46 11.93 3.41 11.62 1.52 2.85 12.34
40–32 9.08 7.65 10.52 1.16 1.33 0.52 8.36 11.12
32–6 58.37 52.70 64.04 4.57 20.85 2.04 52.16 64.47
<6 13.54 10.87 16.21 2.15 4.63 0.96 11.03 16.97

MIE-1

>60 4.46 1.44 7.48 2.43 5.90 1.09 2.13 8.43
60–50 1.71 0.00* 3.59 1.52 2.30 0.68 0.00* 3.92
50–40 2.21 1.27 3.14 0.75 0.57 0.34 1.18 3.17
40–32 6.25 4.72 7.78 1.23 1.52 0.55 4.89 7.59
32–6 70.00 66.03 73.98 3.20 10.26 1.43 66.00 73.90
<6 15.38 14.38 16.37 0.80 0.65 0.36 14.44 16.13

MIE-2

>60 2.86 0.00* 6.46 2.90 8.40 1.30 0.00* 6.79
60–50 4.61 3.79 5.43 0.66 0.44 0.30 3.56 5.23
50–40 6.74 1.65 11.84 4.10 16.82 1.83 2.24 13.31
40–32 9.00 5.73 12.27 2.64 6.94 1.18 6.65 13.37
32–6 71.77 58.49 85.04 10.69 114.37 4.78 64.25 89.61
<6 9.28 4.74 13.83 3.66 13.38 1.64 7.09 15.74

*Calculated value was beyond the realistic value, share cannot be lower than 0.
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of fraction below 6 mm (25.55%). The 
characteristic property of material col-
lected for testing was high share of top 
branches with needles which were not 
chipped during processing, which results 
from (among other factors) their  exibil-
ity when still fresh. For the power com-
panies such branches are not a valuable 
material for further processing as they 
are characterized by high water content 
and are problematic in transport. There-
fore they may be treated as contaminants. 
Share of such contaminants in ZRE-2 
chippings was about 29.7%.

The obtained chippings were assessed 
in accordance with PN-91/D-95009 as 
material intended to be utilized as power 
fuel. Using the sieve separator the chip-
pings were divided into three fractions. 
Description and share of individual frac-
tions was given in Table 5.

According to PN-91/D–95009, the 
share of chippings with maximum length 
of 40 mm should not be lower than 90%. 
Only four types of the tested chippings 
met this criterion. Chippings designated 
ZRE-2, ZRE-5, MIE-2, created mostly of 
chipping small-size wood (M1, M2), did 
not meet the requirements of the norm. 
This is mostly related to the fact that 

they contained high share of small and 
thin branches with needles which dur-
ing the chipping process are quire elastic 
and therefore dif  cult to chip. The mix-
ture of chippings (MIE-2) prepared at 
the buyer’s yard also failed to adhere to 
the norm. In case of chippings produced 
in the forest, when preparing the product 
at the lumber yard, the producer added 
chippings of round wood, however, the 
proper proportions were not maintained.

According to PN-91/D–95009 the 
share of chippings 40–50 mm should not 
be above 10%. All the studied materials 
passed this requirement, however, it was 
observed that the highest share of this 
fraction (4.19–7.47%) was observed in 
the same three types of chippings that 
failed to meet the  rst criterion. These 
chippings were also characterized by 
the largest share of fraction over 50 mm 
– from 7.23 to 11.53%.

Table 6 presents average geometric 
particle size (Xg) in the studied forest 
chippings types. The average geometric 
size and geometric standard deviation 
(Sg) are properties that, in many cases, 
most accurately determine the possibil-
ity of utilizing the chippings for further 
processing. The sought characteristic 

TABLE 4. Share of contaminants in different chipping groups

Designation
Contaminants > 6 mm [%]

average conf.
–95.00%

conf.
+95.00% SD variance SE min. max.

ZRE-1 7.50 6.55 8.44 0.76 0.58 0.34 6.36 8.11
ZRE-2 34.64 25.88 43.41 7.06 49.83 3.16 27.83 46.60
ZRE-3 5.71 4.79 6.63 0.74 0.54 0.33 5.12 6.92
ZRE-4 1.67 1.06 2.28 0.49 0.24 0.22 1.02 2.27
ZRE-5 7.37 3.92 10.83 2.79 7.76 1.25 3.99 11.69
MIE-1 8.22 7.08 9.36 0.92 0.84 0.41 7.19 9.63
MIE-2 8.78 6.49 11.07 1.84 3.39 0.82 6.01 10.58
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TABLE 5. Share of fractions in individual groups of chippings according to the norm PN-91/D-95009

Designa-
tion

Fraction
[mm]

Share of fraction [%]

average conf.
–95.00%

conf.
+95.00% SD variance SE min. max.

ZRE-1
>50 1.17 –0.14 2.48 1.05 1.11 0.47 0.00 2.82

40–50 1.44 0.65 2.24 0.64 0.41 0.29 0.89 2.40
<40 97.39 95.69 99.09 1.37 1.88 0.61 95.42 98.73

ZRE-2
>50 10.35 7.89 12.82 1.98 3.94 0.89 7.90 12.92

40–50 4.30 3.07 5.53 0.99 0.98 0.44 3.35 5.82
<40 85.35 82.51 88.18 2.28 5.22 1.02 82.52 87.65

ZRE-3
>50 2.56 0.46 4.67 1.70 2.88 0.76 0.24 4.94

40–50 1.06 0.24 1.88 0.66 0.43 0.29 0.21 2.05
<40 96.37 93.66 99.08 2.18 4.77 0.98 93.00 98.73

ZRE-4
>50 2.75 1.10 4.40 1.33 1.76 0.59 1.16 4.11

40–50 1.97 0.58 3.36 1.12 1.25 0.50 0.74 3.36
<40 95.28 92.32 98.24 2.38 5.68 1.07 92.53 98.11

ZRE-5
>50 11.31 5.32 17.30 4.82 23.24 2.16 6.88 18.73

40–50 7.69 3.46 11.93 3.41 11.62 1.52 2.85 12.34
<40 80.99 73.58 88.41 5.97 35.64 2.67 74.32 90.28

MIE-1
>50 6.17 1.85 10.48 3.47 12.07 1.55 2.13 10.64

40–50 2.21 1.27 3.14 0.75 0.57 0.34 1.18 3.17
<40 91.63 88.14 95.12 2.81 7.91 1.26 88.19 95.31

MIE-2
>50 7.30 3.45 11.14 3.10 9.59 1.38 4.17 11.58

40–50 6.66 1.43 11.90 4.21 17.75 1.88 1.84 13.31
<40 86.04 78.26 93.82 6.27 39.26 2.80 77.99 93.99

TABLE 6. Average geometric size of particles (Xg) and geometric standard deviation (Sg)
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ZRE-1 14.75 14.27 15.24 0.39 0.17 14.21 15.07 1.45 1.37 1.53 0.06 0.03 1.35 1.53

ZRE-2 12.55 11.59 13.50 0.77 0.34 11.48 13.53 2.72 2.62 2.83 0.08 0.04 2.66 2.87

ZRE-3 11.91 10.91 12.92 0.81 0.36 10.95 12.98 1.98 1.88 2.09 0.09 0.04 1.85 2.09

ZRE-4 10.55 9.53 11.56 0.82 0.37 9.43 11.37 2.19 2.11 2.28 0.07 0.03 2.09 2.27

ZRE-5 16.27 13.53 19.01 2.21 0.99 13.37 19.46 2.41 2.26 2.56 0.12 0.05 2.29 2.59

MIE-1 13.33 12.08 14.58 1.00 0.45 12.24 14.64 2.22 2.05 2.39 0.13 0.06 2.06 2.41

MIE-2 15.96 13.75 18.18 1.79 0.80 13.16 17.38 2.07 1.90 2.24 0.14 0.06 1.89 2.24

Average 13.62 12.82 14.41 2.31 0.39 9.43 19.46 2.15 2.02 2.28 0.38 0.06 1.35 2.87
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is achieving the set size with minimum 
variability. The variability of the geo-
metric average for the tested samples is 
signi  cant, reaching from 10.55 (ZRE-4) 
to 16.27 mm (ZRE-5). It can be observed 
that the size of the chippings is larger, if 
the deciduous trees are one or the only 
component of the chippings. When ana-
lyzing the variability of particle size, ex-
pressed as geometric standard deviation, 
we can state that the stationary chipper 
created more uniform chippings (Sg from 
1.45 to 2.19 mm) than the mobile chip-
per (Sg was 2.41 and 2.72 mm).

SUMMARY AND CONCLUSIONS

On basis of results obtained the follow-
ing statements and conclusions can be 
made:

The largest fraction in chippings of 
different types is the 6–32 mm frac-
tion. 
The spruce chippings produced of for-
est cutting refuse a large share (about 
30%) is of contamination larger than 
6 mm in form of small branches with 
needles and cutting refuse which sig-
ni  cantly lowers the quality of such 
chippings. 
The chippings produced of round 
wood meet the size norms for energy 
chippings. 
The chippings produced in the forest 
of small-size wood (M1 and M2) do 
not meet the size requirements of the 
norm concerning energy chippings. 
They are characterized by exces-
sive share of chippings larger than 
40 mm. 
In order to make the small-size wood 
chippings meet the requirements 

1.

2.

3.

4.

5.

of the norm they have to be mixed 
with chippings produced from round 
wood. Proper proportions should be 
de  ned and maintained. 
The produced chippings are charac-
terized by relatively high water con-
tent (absolute humidity 43–90%). 
This is related to the water content of 
the wood that is used in production. 
High water content results in lower 
calori  c value and, as consequence, 
lower price for the biomass. 
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Streszczenie: Analiza sk adu frakcyjnego zr b-
ków le nych przeznaczonych na cele energetycz-
ne. Celem przeprowadzonych bada  by o okre-
lenie wilgotno ci, wielko ci i rozk adu frakcji 

zr bków le nych pozyskiwanych w ró nych tech-
nologiach z przeznaczeniem do produkcji ener-
gii w du ych zak adach energetycznych. Zr bki 
produkowane by y zarówno z drewna okr g ego, 
jak i pozosta o ci zr bowych ró nych gatunków 
drzew le nych. Zr bkowanie prowadzono r bar-
k  mobiln  bezpo rednio na powierzchni le nej 
oraz r bark  stacjonarn  na placu u producen-
ta. Otrzymane wyniki pozwalaj  stwierdzi , e 
niezale nie od rodzaju materia u najwi kszy 
udzia  ma frakcja wielko ci cz stek w zakresie 
6–32 mm. Najlepsze jako ciowo zr bki otrzymuje 
si  z drewna okr g ego, które spe niaj  wymaga-
nia norm na zr bki opa owe. Zr bki wytwarzane 
na powierzchni le nej z pozosta o ci zr bowych 
nie spe niaj  wymaga  PN-91/D-95009 i zawiera-
j  oko o 30% udzia  zanieczyszcze  i niedor bów 
z cienkich ga zek z igliwiem. rednia wilgotno  
bezwzgl dna badanych zr bków zawiera a si  
w przedziale 43–90% i jest zwi zana z rodzajem 
sortymentów z których powstaj  zr bki. Wysoki 
stopie  wilgotno ci zr bków b dzie wp ywa  na 
ciep o spalania i warto  opa ow , które to wiel-
ko ci mog  by  podstaw  do rozlicze  mi dzy 
dostawc  a zak adem energetycznym. 
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