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INTRODUCTION

The provisions of the Directive [2009/28/EC] 
of the European Parliament and of the Council on 
the promotion of the use of energy from renew-
able sources impose Member States the obliga-
tion to obtain levels of energy production from 
renewable sources not less than 20% of gross 
final energy consumption in 2020. This level is 
different for different countries and for Poland 
amounts 15%. Different are also renewable ener-
gy sources (RES) used by individual countries. In 
many Member States, the dominant of renewable 
energy sources are solid biofuels, that accounted 
in 2013 for about 45.9% of energy from renew-
able sources. The importance of solid biomass 
as an energy source is much larger in Poland: 
its share of obtaining energy in 2013 amounted 
80.3%, whereas in 2014 – 76.6% [CSO 2015a]. 
This results from the slow pace of development 
of distributed electricity sources in Poland. In the 
heat and power plants, energy production is based 
mainly on coal. They do not install a biomass-
fired boilers but only co-combustion technology 
of solid biomass are used.

Analyzing the structure of production of en-
ergy from renewable sources, you can get the im-

pression that this is a favorable situation for rural 
areas that can become the areas of aquisition of 
biomass. Unfortunately, the data of the sources of 
biomass used in Polish power sector shows that 
the import of solid biomass has increased almost 
eight times in the years 2008–2014 (from 423 
thousand Mg to 3591 thousand Mg) [Gradziuk 
and Gradziuk 2015]. For energy purposes are 
mainly used waste from forestry and wood indus-
try, straw (processed into pellet form), but also 
(originating in Ukraine, Indonesia, Russia and 
Malaysia) sunflower husks, nut shells and palm 
oil cakes. At the same time lack of rational use of 
biomass from dispersed sources is often observed.

Dispersed, untapped sources of biomass in Po-
land are afforestation implemented according to 
the National Program of Forested Areas Increase 
[KPZL 2003]. Trees planting on agricultural land 
allow develop unsuitable for agriculture marginal 
land, thereby avoiding the uncontrolled succes-
sion and degradation of this land.As a result of 
National Program of Forest Areas Increase, in the 
years 1995 – 2014 was afforested 274.4 thousand 
hectares of land (58.5% of this are pine plant-
ings). In this 131.3 thousand hectares (48%) is the 
land of the State Treasury, while 142.9 thousand 
hectares (52%) – non-state land [CSO 2015b].
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335 – Fig. 1) is located in the village of Brzez-
iny (Stężyca commune, Ryki district, Lublin 
Voivodeship). The ground on which planting 
were made is soil Class VI with the granulomet-
ric composition of fine loose sand (91% sand, 
8% dust and 1% clay), with very acidic pH val-
ue (pH = 3.73 KCl), low phosphorus and potas-
sium content (P2O5 – 9.5 mg/100g, K2O – 6.7 
mg/100g) and very low content of magnesium 
(Mg – 1.7 mg/100g). Forest currently is in the 
phase of greenwood (phase of growing was 
completed). Improvement cutting and brashing 
were carried out by the forest owner at the end 
of March 2013. According to the phase of forest 
stand development (Fig. 2a) such operations are 
called late cutting.

Test specimens (wastes not developed by the 
farmer – Fig. 2b) was collected from three sur-
faces with dimensions 10×10 meters. Obtained 
results were expressed per 1 hectare. After col-
lecting, the material has been shredded (Fig. 2c) 
on a wood splitter (constructed by the farmer – no 
symbol of the machine) and weighed (with the ac-
curacy of 0.01 kg) on the hanging scales AXIS 
B 30. Subsequently, samples were taken for 
laboratory analysis – measurement of humidity, 
gross calorific value (GCV) and ash content. The 
humidity test of waste was carried out by using 
the weight method based on PN-93/Z-15008/02. 
Measuring the GCV, and calculating the net calo-
rific value (NCV) of the waste were based on the 
PN-EN 14918: 2010. The process involves com-
plete combustion of the sample of waste in pure 

Figure 1. Surfaces of sampling for testing – plot No. 335, N:51º37’44,59’’, E:21º50’45,36’’  
(based on geoportal.gov.pl)

As an integral part of the landscape, forest per-
forms different functions (production, ecological 
and social). In order to improve its resilience and 
value in use, human (a forester) activity is also 
necessary. By using a knowledge of nature forest-
ers manage forests and tending them. Under the 
concept of tending of forest, you must understand 
all the treatments (mainly various types of cutting 
and thinning) performed since inception growing 
up to maturity [Szymański 2000, Murat 2002].

Production of waste classified as waste from 
forestry with the code 02 01 07 [Dz. U. poz 1923] 
is inextricably linked with the tending of for-
est stand. Sometimes, especially in the first two 
phases of development (growing and greenwood) 
these are wastes of very low suitability as wood 
raw material [Gorzelak et all. 2001] but these 
may be a valuable energy resource.

The aim of the study is to evaluate the merits 
of acquiring waste from tending pine stand be-
ing in the phase of greenwood (late cutting and 
brushing) and use them as an energy source. The 
amount of waste obtained from unit area, their en-
ergy value and the amount of waste possible to ob-
tain in the country (based on CSO data about the 
size of afforestation on each year) were analyzed.

MATERIAL AND METHODS

The research material was the waste from 
tending of pine forest stand planted in 1992. 
It is a private forest. Land plot (plot number 
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oxygen in a calorimeter KL-12Mn. Net calorific 
value of samples was calculated by diminishing 
the obtained value of GCV by vaporization of 
water vapor present in the exhaust (arising from 
the combustion of hydrogen contained in the 
fuel). For this purpose, averaged results of con-
tent of hydrogen in the dry matter of pinewood 
taken from the Kokociński [2005] publication 
were used. Ash content were based on the PN-EN 
14775 2010U, whilst bulk density was based on 
the PN-EN 15103 2010.

RESULTS AND DISCUSSION

One of the basic parameters determining the 
suitability of biomass as a fuel for technical pur-
poses is humidity content. Besides the elementary 
composition, just the humidity is highly depen-
dent on the calorific value of all types of biomass 
[Niedziółka and Zuchniarz 2008] wherein an in-
crease in humidity leads to decrease in the calorif-
ic value of the biomass. Equally important is the 
ash content of the biomass. In addition, moisture 
plays a significant role in the combustion process, 
it is also important in the assessment of stor-

age capacities and affects the weight of biomass 
[Wandrasz and Wandrasz 2006].

Humidity of the tested waste (at the opera-
tional state) were ranged from 34.61% (area 2) 
to 37.10% on area 1 (average 35.46%) – Table 1. 
Differences at the humidity results mainly from 
the organization of work of collection of waste 
generated during the care of trees. Harvesting and 
shredding of branches (waste) from the surface 
2 and 3 (Fig. 1) was carried out immediately af-
ter thinning. However in the case of the surface 
1 cutting were made in the morning while waste 
collection in the afternoon. Branches were damp 
because they were lying couple of hours on the 
ground. This resulted in increasing of moisture 
content about 2.5% relative to the branches col-
lected directly from trees. The ash content of the 
test samples was 0.6% and this value does not de-
viate from the literature [Komorowicz et al. 2009].

The main parameter that must be taken into 
account in assessing the merits of acquiring waste 
of tree care and use them as an energy source is 
their energy value. For individual surfaces three 
tests of GCV of samples dried in a laboratory 
drier (dry mass) were performed. Average val-
ues, standard deviation and coefficient of varia-
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Figure 2. a) Tree stand before tending; b) Tree stand after tending; c) Wastes after shredding.
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tion were calculated. The average GCV of dry 
mass of wastes was 21.09 MJ∙kg-1 (Table 2). Net 
calorific value of dry mass was calculated taking 
as the Kokociński [2005] the average hydrogen 
content of pinewood of 6.1%. Average of this 
value was 19.42 MJ∙kg-1 (standard deviation 0.24 
MJ∙kg-1, coefficient of variation 1,26%). While 
the ash content at the test samples equal 0.6%, 
the NCV of dry ash-free mass was 19.53 MJ∙kg-1. 
For air-dry (average humidity 15%) the average 
NCV of the tested wood chips was 16.13 MJ∙kg-1. 
The NCV of operational state of wood chips 
(average humidity 35.5% – Table 1) was about 
11,64 MJ∙kg-1. These values do not deviate from 
the values given by other authors (Gradziuk et al. 
2003, Kokociński 2005, Komorowicz et al. 2009, 
Niedziółka and Zuchniarz 2006].

Another parameter that must be taken into 
account whilst assessing the merits of acquir-
ing waste of tree care and use them as an energy 
source next to the calorific value is the amount of 
wastes possible to obtain per unit area. In case of 
the analyzed afforestation the mass (in the opera-
tional state) of generated wastes – branches from 
tree brashing expressed per 1 hectare ranged 
from 16.59 Mg (surface 2) to 18.69 Mg (surface 
1) – Table 1. After drying to the air-dry state, 
these values are reduced appropriately to 12.76 
Mg and 13.83 Mg (average13.32 Mg). Useful 
parameter especially when transport organiza-
tion is also the bulk density. Moisture content in 
the case of this parameter is also important. The 
bulk density of not compacted shredded wastes 
averaged 249 kg∙m-3 for operational state and 

Table 1. Physical characteristics of wastes (wood chips)

Specification

Mass
[kg · ha-1]

Bulk density [kg · m-3]

Humidity 
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[%]
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Area 1 18693 13833 11758 259 193 163 323 238 203 37.10
Area 2 16590 12762 10848 245 188 160 306 236 201 34.61
Area 3 17360 13345 11343 246 189 161 309 237 202 34.66

Average 17546 13322 11324 249 190 161 313 237 202 35.46

* air-dry state – humidity 15%.

Table 2. Fuel properties of wastes (wood chips)

Specification
Gross calorific 

value
[MJ∙kg-1]

Net calorific value  
of dry mass 

[MJ∙kg-1]

Net calorific  value 
of air-dry mass 

[MJ∙kg-1]

Net calorific value 
of operational 
state [MJ∙kg-1]

Ash
%

Area 1
sample 1 21.29 19.79 16.45 11.52 0.6
sample 2 21.14 19.52 16.21 11.35 0.6
sample 3 20.94 19.22 15.96 11.16 0.6
Average 21.13 19.51 16.21 11.34 0.6
Area 2
sample 1 20.97 19.33 16.05 11.77 0.6
sample 2 21.32 19.63 16.31 11.97 0.6
sample 3 20.80 18.96 15.74 11.54 0.6
Average 21.03 19.31 16.04 11.76 0.6
Area 3
sample 1 21.08 19.31 16.04 11.75 0.6
sample 2 21.12 19.52 16.21 11.88 0.6
sample 3 21.15 19.50 16.22 11.89 0.6
Average 21.12 19.51 16.23 11.90 0.6
Total average 21.09 19.42 16.13 11.64 0.6
Standard deviation 0.16 0.24 0.21 0.27
Coefficient of variation [%] 0.79 1.26 1.29 2.34
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190 kg∙m-3 for air-dry state. For compacted state, 
the mass of 1 cubic meter of shredded wastes 
averaged 313 kg for operational state, and 237 
kg for air-dry state. These values are within the 
range shown by the literature [Gradziuk et al. 
2003], however, these are the values of the lower 
range. Therefore, a bulk density of investigated 
wood chips should be assessed as low. The cause 
of this is large heterogeneity (hindering of com-
paction) of the particles after shredding (Figure 
2c) where a large volume is occupied by free 
spaces. This is due to the type of shredded mate-
rial (branches with diameter not more than 30 
mm) and imperfections of shredding machine 
(self-built of farmer).

The Central Statistical Office data [CSO 
2015b] shows that as a result of implemen-
tation of the National Program of Forest-
ed Areas Increase, on average in the period 
1995–2014, per year on private land were affor-
ested 7.1 thousand hectares of land. From this, 
58.5% are pine forests.

Therefore it must be assumed that the annual 
need for late cutting and tree brashing (such as 
planting analyzed on this study – age 20 – 25 
years), in the case of pine stands will occur about 
4.1 thousand hectares of land. From such surface 
area it will be able to obtain wastes (mainly branch-
es from brashing) such as examined in this study. 

Assuming that 1 ha can be obtained average 
13.32 Mg air-dry wastes (wood chips) such as 
shown in the work, only tending of non-state 
afforestation can get about 54.6 thousand Mg 
of wastes per year (almost the same amount of 
state land additionally). Taking the average air-
dry net calorific value of investigated wastes 
about 16.13 MJ∙kg-1, the theoretical amount of 
possible to get energy could reach 880.7 TJ. 
Therefore, the obtainable biomass could re-
place 41.8 thousand Mg of hard coal, 24.9 thou-
sand m3 of fuel oil, 33.8 million m3 of natural 
gas or 68.8 thousand Mg of straw.

CONCLUSIONS

On the basis of the conducted research, the 
merits of acquiring waste from care of pine stand 
in the phase of greenwood (late cutting and brash-
ing) and use them as an energy source, following 
conclusions can be formulated.

1. Late cutting of pine stands can contribute to the 
formation of relatively large amount of wastes 
(mainly branches) – in the case of an investi-
gational forest one hectare can provide about 
17.5 Mg of humid wood chips. 

2. After drying to air-dry state (humidity 15%) 
obtainable mass of wastes from 1 hectare may 
total about 13.3 Mg.

3. The net calorific value of humid wood chips 
(average humidity of 35.5%) was about 11.64 
MJ∙kg-1, dried on the open air – 16,13 MJ∙kg-1, 
completely dry – 19.42 MJ∙kg-1.

4. Examined wood chips (on the air-dry state) re-
lated to 1 hectare could theoretically provide 
the equivalent of 10.2 Mg of hard coal, 6.1 m3 
of fuel oil, 8.2 thousand m3 of natural gas or 
16.8 Mg of straw.

5. Most of the work of harvesting of wastes from 
forest stand tending, such as shown in work, 
must be done by hand, and organization of har-
vesting of branches has an influence on humid-
ity of obtained biomass.

6. The results show that the areas designed for af-
forestation, already in the phase of greenwood 
can be a useful area of energy, and sourced bio-
mass from tending of plantings can be a valu-
able resource, especially at the local. 

7. Tending of plantings, such as the plantings 
analyzed at this work, will require about 4,1 
thousand hectares of plantings on private land 
annually. This way you can get about 54.6 
thousand Mg of biomass per year.
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