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Abstract: Bulk density of forest energy chips. 
Bulk density and moisture content of forest chips 
are important elements in  uencing transport ef  -
ciency. The aim of the study was to determine the 
moisture content and bulk density of forest chips 
and identi  cation if these parameters are in  u-
enced by the species making up the tree stand and 
sharpness of the chopper’s knives. Measurements 
were performed in two forest sites characterised 
with different composition of cut down tree stand. 
In both places, chopping of the residues was per-
formed with the same chopper (Bruks 805 CT) at 
two degrees of knife sharpening – blunt knives and 
sharp knives. The applied investigation procedure 
was in compliance with the applicable norm PN-
EN15103:2010. After determination of homog-
enous groups, the obtained results of bulk den-
sity, falling within the range of 154–165 kg m–3

justify the claim that bulk density of forest chips 
depended on the species composition of the tree 
stand and sharpening of the chopper’s knives. The 
highest bulk density may be obtained by grinding 
the deforestation residues with a sharp knife, but 
in practice, chopper operators work with knives 
with a varying degree of blunting.
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INTRODUCTION

Despite many barriers hindering the use 
of forest biomass on the energy market, 
its importance will be growing gradu-
ally by 2020. According to the simula-
tions conducted by P otkowski [2007], 
it may be claimed that the theoretical 
quantity of forest biomass which may be 
designated to energy production purpos-

es falls within the range of 11–16 mil-
lion m3, yet if its availability is consid-
ered, the actual quantity is about 3–5 mil-
lion m3. Pursuant to forecasts developed 
by Zaj czkowski [2013], the theoretical 
base of wood available in the forests for 
use in energy generation will amount to 
7.94 million m3 in 2021 and to 8.91 mil-
lion m3 in 2031, including the share of 
small fuel elements and deforestation 
residues amounting to 3.76 and 4.21 mil-
lion m3, respectively.

Forest biomass may be transported 
to power plants in different forms. In 
Polish conditions, it usually appears in 
the loose form, i.e. as chips. Deforesta-
tion residues may also be transported as 
non-chopped branches and treetops. To 
a large extent, the transported form de-
pends on the quantity, transport distance, 
road infrastructure, available vehicles or 
requirements of the  nal recipient. The 
main disadvantage of non-chopped for-
est biomass is its signi  cant volume and 
low bulk density, as a result of which 
the maximum load capacity of vehicles 
is not utilised. As quoted by Sultana 
and Kumar [2011] after Spinelli et al. 
[2007], many European countries – e.g. 
Austria, Finland and Italy – still use this 
method. In order to increase transport ef-
 ciency and biomass density, balloting 

of branches is a good solution, but the 
receiving facility ought to have its own 
chopper. On a large scale, this solution 
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may reduce costs of the whole process of 
transport, storage and chopping of defor-
estation residues [Spinelli et al. 2007].

Mobile choppers collecting chips in 
integrated containers are designed for 
chopping deforestation residues in the 
forest [Nurek and Gendek 2012, Moska-
lik 2013, Gendek and Zychowicz 2015, 
Wi sik 2015], with reloading into the 
trailer of a transport vehicle usually 
performed on a forest road nearby the 
place where chopping was performed. 
In Finland and Sweden, an alternative 
and frequent solution is storage of chips 
in heaps next to transport roads [Sultana 
and Kumar 2011]. After grinding of the 
biomass, chips ought to be utilised as 
soon as possible in order to avoid devel-

opment of fungi [Johansson et al. 2006]. 
As a rule, the maximum chip storage 
time should be around 2 months [Taylor 
et al. 2010].

From the point of view of logistics, 
balloting of the residues is a better solu-
tion. Ballots may be stored for around 
11 months, which leads to reduction of 
the moisture content and achievement of a 
higher calori  c value [Taylor et al. 2010].

As a general rule, bulk density of for-
est chips falls within the range from about 
100 to about 340 kg m–3 (Table 1), de-
pending on their moisture content, com-
position and origin.

From the point of view of bulk den-
sity of chips and their arrangement, the 
degree of chopping knives’ blunting is 

TABLE 1. The bulk density (BD) of the various forms of forest chips with different moisture content 
(MC)

Forms of wood chip BD 
[kg m–3]

MC 
[%] Reference

Forest chips 149.17 dry Gigler et al. 2000
Wood fuel 160–230 dry Ragland et al. 1991
– Pine-whole wood chips
– Hardwood whole-tree chips

181
211 dry Forest Products Laboratory 1987

Wood chips
softwood
bech

150–165
180–205

dry Kofman 2006

Clean pine chips 209.8 dry Phanphanich and Mani 2009
Wood chips

coniferous
deciduous
mixed
short rotation coppice

111.7–228.6
154.2–248.2
177.8–213.3
129.9–156.5

10–40 Jensen et al. 2006

Wood chips (pre-dry) 240 30 Loo and Koppejan 2008
Wood chips of Norway spruce 212–310 35–55 Talbot and Suadicani 2006
Wood chips

softwood
bech

270–300
320–370

45 Kofman 2006

Wood chips (wet) 180–340 50 Sultana and Kumar 2011
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important. This factor has signi  cant im-
pact onto the quality of chips, crushing 
of  bres and dimensional differentiation 
[Chandrasekaran 2013]. According to 
Barontini et al. [2014], similarity of chip 
dimensions depends, above all, on the an-
gle of knife sharpening along its length. 
Gendek and Nawrocka [2014] concluded 
that the degree of chopper knife sharpen-
ing had important in  uence onto the share 
of particular chip fractions and their size. 
Chopping with a blunt knife results in 
production of smaller chips and increases 
the share of  ner fractions.

Replacement of knives in the chop-
per is an individual decision, based on 
a subjective feeling. Yet, according to 
Facello et al. [2013], the condition in 
which knives will no longer be able to 
produce good quality chips must not take 
place during chopping. What is more, 
the energy needed for chopping with 
a blunt knife may be up to 4.4 times high-
er than the energy required for cutting 
with a sharp knife [O’Dogherty 1982].

As bulk density and moisture content 
are of particular importance in transport 
of forest chips – both from the point of 
view of suppliers and recipients – trans-
port of chips characterised with low bulk 

density may lower the material transport 
pro  tability limit if expenditures are to 
be incurred on transport despite low con-
centration of energy in a unit of cubic 
volume [Roszkowski 2009].

In connection with the problem re-
lated to the transport of forest chips, 
bulk density of chips transported to 
power plants must be determined, and 
the question regarding the in  uence of 
species making up the deforestation res-
idues and sharpening of the chopper’s 
knives onto the said density ought to be 
answered.

MATERIAL AND METHODS

Measurements of bulk density of chips 
were performed at Krynki Forest Inspec-
torate, in two forest sites characterised 
with a different species composition of 
the tree stand, whose general pro  le is 
presented in Table 2. The wood was ob-
tained in the period of January – February 
2015. Deforestation residues in the form 
of branches and tree tops were left in the 
forest, where they remained for about 5–
–6 months, which naturally reduced their 
moisture content.

TABLE 2. General description of the tree stand and identi  cation of samples

Site number Forest site Species 
composition Tree stand age Container 

number
Knife 

condition

1
fresh mixed 
coniferous 

forest

70% spruce
20% pine
10% birch

spruce 
– 36 years
pine, birch 
– 32 years

1
2
3
4
5
6

blunt
blunt
sharp
blunt
blunt
sharp

2
fresh mixed 
coniferous 

forest
pine pine – 45 years

pine – 52 years

7
8
9
10

blunt
blunt
blunt
sharp
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Fragmentation of the deforestation 
residues (chopping) was performed with 
an automotive Bruks 805 CT chopper 
with a container. The chips were col-
lected in the chopper’s container with 
the capacity of 18 m3, from which – after 
 lling – they were poured into the semi-

-trailer of a transport vehicle, equipped 
with a movable  oor facilitating the un-
loading at the power plant.

The chopper was moving around 
forest site 1 and, using a hydraulic 
crane with a grabbing device, the op-
erator picked up residues after the re-
moved trees, which were scattered rela-
tively evenly. When the contained was 
 lled, the chopper moved to the truck 

tractor located at a distance of about 
600–700 m, where the container was 
emptied and the chips were loaded into 
the semi-trailer.

Deforestation residues from for-
est site 2 were picked up by means of 
a forwarder timber tractor and placed in 
a heap next to a forest road. The chopper, 
placed immediately next to it, picked up 
the branches and ground them. Once the 
contained was  lled, the chopper moved 
to the transport vehicle located at a dis-
tance of about 15–20 m, where the chips 
were reloaded.

During chopping, the knives were 
gradually becoming blunt. The decision 
to replace them was made by the opera-
tor based on own experience and subjec-
tive impression connected with the chop-
per’s operation.

Bulk density was determined for chips 
obtained by the same chopper from two 
forest sites, at different knife sharpness 
degrees. The applied description and 
identi  cation of the material is speci  ed 
in Table 2.

The term of sharp knife refers to 
chips  lling the chopper’s container im-
mediately after replacement of the knife. 
The other chips were made with a blunt 
knife with an unknown degree of blunt-
ing, used for 4–7 containers of the chop-
per, which translates into the capacity of 
about 64–126 m3 of chips.

Bulk density measurements were 
performed in compliance with PN-EN 
15103:2010 norm, using a measurement 
vessel with the capacity of 0.05 m3 and 
a LUTRON FG100KG-RS232 dy-
namometer with the measurement range 
up to 1,000 N and accuracy of 0.1 N. 
Internal software of the dynamometer 
automatically recalculated the result into 
chip weight in kilograms.

Measurements were performed on 
the semi-trailer of the transport vehicle 
with the capacity of 91 m3, for the  rst 
3–4 reloaded containers of the chopper. 
To maintain representative character of 
the samples, samples were taken to the 
vessel uniformly from the whole acces-
sible area of the given container.

The density identi  cation procedure 
involved  lling the measurement ves-
sel with an excessive amount of chips 
– so that a cone of up to about 250 mm 
appeared above the top edge (Fig. 1a). 
Next, the vessel was raised to the height 
of about 150 mm and dropped onto the 
ground to allow densi  cation of the 
chips – this action was repeated three 
times. After densi  cation, shortage of 
chips was supplemented and their excess 
was removed with a wooden slat so that 
the level of chips in the vessel was even 
with the upper edge.

Prepared as above, the vessel con-
taining the chips was placed at the meas-
urement station (Fig. 1b) where weight 
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of the chips was read. Twenty repetitions 
were performed for each of the chop-
per’s containers.

After completion of  eld measure-
ments, bulk density was determined 
based on relationships (1) and (2), com-
pliant with PN-EN 15103:2010 norm.

2 1
ar

m mBD V
 (1)

(100 )
100

ar
d ar

MBD BD  (2)

where:
BDar –  bulk density of fresh chips 

[kg m–3];
BDd –  bulk density of dry chips 

[kg m–3];
m2  – gross sample weight [kg];
m1  – vessel weight [kg];
V  – vessel capacity [m3];
Mar  – moisture content [%].

The moisture balance method [PN-EN 
13183-1:2004] was applied to determine 
the moisture content. Approximately 5 l 
of the material was taken from consecu-
tive containers of the chopper. Next, 
10 samples with the volume of about 
150 ml were taken from each of them for 
testing. Drying was conducted in the SLW 
115TOP laboratory drier, at the tempera-
ture of 105 ±1C  for 24 h, until dry sub-
stance was obtained. Sample weight was 
determined on the RADWAG WPS600/C 
laboratory balance with the accuracy of 
0.01 g. Relative and absolute humidity of 
particular samples was calculated from 
commonly known relationships, followed 
by identi  cation of average moisture level 
of the chips for consecutive containers of 
the chopper, and of the average value for 
the analysed sites.

Statistical analyses were performed 
in Statistica 12 software at the relevance 
level of  = 0.05.

FIGURE 1. Measurement vessel compliant with PN-EN 15103:2010 norm: a – with excessive quantity 
of chips before weight measurement, b – weight measurement

a b
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RESULTS AND DISCUSSION

For site 1, moisture content in the chips 
sampled from particular containers of 
the chopper fell in the range of 30.46–
–37.62%, whereas for site 2 – within the 
range of 26.53–28.90%.

Average moisture content (MC) in 
the analysed material was, respectively, 
32.52% (SD = 4.74) for site 1 and 28.90% 
(SD = 2.05) for site 2. The conducted ho-
mogeneity of variance test showed that 
moisture content signi  cantly differed 
between the two sites (F(1.47) = 5.49; 
p = 0.0234). The chip moisture content is 
in  uenced by numerous factors, includ-
ing tree species, weather conditions, pe-
riod of resting at the forest site. Yet, the 
average moisture content, close to 30% 
at both sites, ought to be considered low 
and, from the point of view of energy 
production, the chips will be character-
ised with a relatively high calori  c val-
ue. The calori  c value of chips, depend-
ing on composition and at a low moisture 
content level (5–7%), may reach 18.0–

–20.5 GJ Mg–1 [Phanphanich and Mani 
2009, Günther et al. 2012, Gendek and 
Zychowicz 2014]. Estimated calori  c 
value of the analysed material, at the 
moisture content level of about 30%, 
will be about 12–13 GJ Mg–1.

Descriptive statistics of forest chip 
bulk density in the wet (BDar) and dry 
condition (BDd) for particular containers 
of the shopper are presented in Table 3,
whereas density of dry chips (BDd) is 
presented graphically in Figure 2.

Analysis of the bulk density of dry 
chips from site 1 leads to the conclusion 
that similar results were obtained for con-
tainers numbered 1, 2, 4 and 5 (Fig. 2).
In those cases, deforestation residues 
were ground with a blunt knife. A simi-
lar relationship may be observed for 
containers numbered 3 and 6, where the 
residues were ground with a sharp knife.

Duncan multiple comparison test 
demonstrated that the bulk density of 
chips ground with a blunt knife (contain-
ers 1, 2, 4 and 5) did not differ among 
particular containers, which may be con-

TABLE 3. Descriptive statistics of forest chip bulk density

Container 
number

BDar [kg m–3] BDd [kg m–3]
AVG min max SD SE AVG min max SD SE

1 247.70 232.00 261.00 8.80 1.97 232.55 220.00 246.00 6.93 1.55
2 239.35 231.00 248.00 5.23 1.17 154.50 144.70 162.80 5.49 1.23
3 237.60 227.00 246.00 5.99 1.34 153.27 147.93 158.81 3.35 0.75
4 225.70 207.00 238.00 10.17 2.27 165.22 157.80 171.10 4.20 0.94
5 221.50 202.00 237.00 11.33 2.53 156.94 143.94 165.50 7.07 1.58
6 227.70 209.00 241.00 9.69 2.17 154.02 140.46 164.80 7.88 1.76
7 222.95 209.00 234.00 8.79 1.97 167.28 153.54 177.05 7.12 1.59
8 227.10 211.00 241.00 9.45 2.11 158.52 148.60 166.37 6.25 1.40
9 226.10 217.00 235.00 5.03 1.12 161.47 150.02 171.35 6.72 1.50
10 232.55 220.00 246.00 6.93 1.55 160.76 154.29 167.09 3.57 0.80
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sidered a homogenous group (in all cas-
es, the value p >0.09). Statistical analy-
sis did not show considerable differences 
with respect to chip density among con-
tainers numbered 3 and 6, which allows 
classifying chips made with a sharp knife 
as a homogenous group (p = 0.27).

Based on the results obtained, it may 
be claimed that sharpening of the chop-
per’s knife at forest site 1 in  uenced the 
bulk density of forest chips. A higher bulk 
density may be achieved if deforestation 
residues are ground with a sharp knife.

Analysing the bulk density of chips at 
site 2, as it was performed in the previ-
ous case, one can observe that contain-
ers numbered 7, 8 and 9 (Fig. 3), which 
contained chips made with a blunt knife, 
were characterised with a similar bulk 
density, whereas container 10 with chips 
made with a sharp knife was character-
ised with a slightly higher density.

Performed Duncan multiple compari-
son tests demonstrated that there was no 
signi  cant difference among the values of 
bulk density of chips made with a blunt 
knife, which may be considered a homog-
enous group (obtained value: p >0.12), 
whereas the bulk density of chips from 
container 10, made with a sharp knife, 
signi  cantly differed from those made 
with a blunt knife (p 0.03).

As in the case of site 1, with respect to 
site 2 it can also be claimed that sharpen-
ing of the chopper’s knife had signi  cant 
in  uence onto the bulk density of forest 
chips characterised with the same origin. 
This con  rms previous investigations 
conducted by Gendek and Nawrocka 
[2014], who stated that knife sharpness 
had in  uence onto the size of chips and 
share of particular size fractions.

Statistical analysis aimed at compar-
ing the bulk density of chips made by 
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FIGURE 2. Bulk density of dry forest chips (BDd)
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a chopper with blunt knives between 
sites 1 and 2 demonstrated existence of a 
statistically relevant difference between 
the groups. Thus, it ought to be stated 
that the species composition of the tree 
stand and residues being ground does in-
 uence the bulk density of chips made 

with the use of a blunt knife.
Duncan test comparing the bulk den-

sity of chips made with a sharp knife 
between site 1 and site 2 (containers 3, 
6 and 10) did not render a signi  cant 
density difference and, thus, they may be 

considered a homogenous group. There-
fore, it ought to be concluded that the 
species composition of residues ground 
with a sharp knife does not in  uence the 
bulk density of forest chips.

The obtained results of measurements 
and statistical analyses allowed identi  -
cation of three homogenous groups of 
forest chip bulk density in the given con-
ditions of investigation, for which basic 
statistical information is presented in Ta-
ble 4 and in Figure 3. The average bulk 
density of dry chips was 159.73 kg m–3 
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FIGURE 3. Bulk density (BDd) of forest chips in homogenous groups

TABLE 4. Bulk density (BDd) of forest chips in homogenous groups [kg m–3]

Homogenous 
groups AVG Min Max SD SE

Group 1 154.68 140.46 165.50 6.23 0.70
Group 2 160.25 148.60 171.35 5.73 0.74
Group 3 165.95 153.54 177.05 5.54 0.72
Overall average 159.73 140.46 177.05 7.50 0.53
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(SD = 7.5). The difference between ex-
treme values of bulk density within ho-
mogenous groups was equal to 7%.

The lowest (154.68 kg m–3; SD = 
= 6.23) average bulk density (BDd) was 
recorded for chips made with a Bruks 
805CT chopper with blunt knives at the 
forest site where deforestation residues 
dominated by spruce (70%) with an addi-
tion of pine (20%) and birch (10%) were 
ground. A slightly higher bulk density 
value (160.25 kg m–3; SD = 5.73) was 
obtained for chips made with the same 
equipment, i.e. the Bruks 805CT chop-
per with blunt knives for a tree stand 
which only consisted of pine. The high-
est average bulk density (165.95 kg m–3; 
SD = 5.54), regardless of species mak-
ing up the tree stand, was obtained for 
chips made with the same chopper, but 
equipped with sharp knives.

Despite the statistically relevant dif-
ference in bulk density among the three 
identi  ed groups, the chopper operator 
does not have the possibility to work 
with a sharp knife only. In practice, 
knives with a various degree of blunting 
are usually used.

If the results are compared against 
data contained in the literature, one 
may state that bulk density of chips at 
analysed forest sites is similar to or falls 
within the ranges determined by other 
investigators. Similar results were ob-
tained by Kofman [2006] for dry for-
est chips made from soft wood species 
(150–165 kg m–3), which include spruce 
and pine. On the other hand, Ragland 
et al. [1991], for a similar material, ob-
tained the bulk density within the range 
of 160–230 kg m–3. Similar results were 
obtained by Jensen et al. [2006], who an-
alysed the bulk density of chips of vari-

ous origin with the moisture content of 
10–40% and obtained values in the range 
of 111.7–228.6 kg m–3.

CONCLUSIONS

1. At the level of several percent, the dif-
ference with respect to moisture con-
tent in forest chips between the sites 
proves that the species composition 
of the tree stand may in  uence the 
moisture content in produced forest 
chips, but this in  uence may also be 
attributed to the period of resting of 
the residues at the forest site, as well 
as to weather conditions. From the 
point of view of energy production, 
the moisture content level of 30% 
ought to be considered a good result, 
which will translate into a relatively 
high calori  c value of the product.

2. The species composition of the tree 
stand and ground residues in  uences 
the bulk density of chips in case of 
work with a blunt knife. Higher den-
sity of pine chips may be connected 
with a higher share of wood and lower 
content of green parts in the deforest-
ation residues, which is different than 
in the case of tree stand dominated by 
spruce.

3. Sharpness of the chopper’s knife in-
 uences the bulk density of chips, ir-

respective of the species composition 
of the tree stand. Chips made with 
a sharp knife are characterised with 
a higher bulk density.

4. If deforestation residues are ground 
with a sharp knife, the species com-
position of the tree stand does not in-
 uence the bulk density of chips.
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5. It is recommended that the operator 
should work with a sharp knife as of-
ten and as long as possible. The high-
est bulk density of forest chips will 
then be achieved, which will also 
translate into measurable bene  ts and 
more ef  cient utilisation of transport.
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Streszczenie: G sto  nasypowa le nych zr bków 
energetycznych. G sto  nasypowa zr bków le -
nych oraz ich wilgotno  s  wa nymi parametrami 
wp ywaj cymi na efektywno  transportu. Celem 
bada  by o okre lenie wilgotno ci i g sto ci nasy-
powej zr bków le nych i wskazanie, czy wp yw 
na jej warto  maj  sk ad gatunkowy drzewostanu 
oraz stan zaostrzenia no y r barki. Pomiary zosta-
y przeprowadzone na dwóch powierzchniach le -

nych o ró nym sk adzie gatunkowym usuni tego 
drzewostanu. Na obu powierzchniach rozdrabnia-
nie pozosta o ci by o prowadzone t  sam  r bark  
(Bruks 805 CT) przy dwóch stopniach zaostrze-
nia no y – no e t pe oraz no e ostre. Zastosowana 
procedura badawcza by a zgodna z obowi zuj -
c  norm  PN-EN15103:2010. Wyznaczone zo-
sta y trzy grupy jednorodne g sto ci nasypowej 
zr bków le nych w stanie suchym w zakresie 
154–165 kg m–3. rednia g sto  nasypowa zr b-
ków wynios a 159,73 kg m–3. Uzyskane wyniki 
pozwoli y na stwierdzenie, e g sto  nasypowa 
zr bków le nych zale y od sk adu gatunkowego 
drzewostanu oraz od stopnia zaostrzenia no y r -
barki. Najwi ksz  g sto  usypow  mo na uzy-
ska , rozdrabniaj c pozosta o ci zr bowe no em 
ostrym, jednak operator r barki w praktyce pra-
cuje no em o ró nym stopniu st pienia, przez co 
zr bki maj  nieco mniejsz  g sto  nasypow .
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