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ABSTRACT

The article presents the methodology and results of an experimental testing of the calorific
value and ash content of wood chips, used as a fuel for heating and electricity plants. The wood
chips was extracted from willows’ short rotation plantation of Salix Viminalis — klon Tordis.
Studies were conducted in the “Department of Forest Harvesting, Logistic and Amelioration”
of the Technical University in Zvolen, R of Slovakia. Wood chips produced from Salix Vimi-
nalis, klon Tordis indicates a high gross (20,597 MJ.kg-1) and net calorific value of dry mass
(19,255 MJ.kg-1) under the specific production conditions. Naturally dried wood has a relative
humidity Wr = 11,3 % and according to ISO 1928:2011 it has a clean net calorific value
16,907 MJ.kg-1. This gives grounds to assume that the wood produced from such an energy
plantation will have high energy characteristics and will satisfy the market for energy chips.
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2011, reached 961 ktoe here in the country
(AEBIOM). Biomass forms 5,03 % of the
gross domestic energy consumption in the
country. It should be noted, however, that the

1. INTRODUCTION

The wood energy chips are solid fuel,
which is characterized by certain quality in-
dicators - calorific value, ash content and o
moisture (STN EN 14961-1:2010). The qual-  9eater part of this biomass — over 95 %, con-
ity and cost of manufactured chips is deter- sists of a solid fue_l wood (Trlch_kov 2912?'
mined by these parameters. The wood chip T_hese logs are designed for he_atlng O_f indi-
for energy production is the primary product vidual households_that use hez_atlng devices qf
from wood biomass (Fig. 1). The total energy a_n older generation and with lower effi-
equivalent of the produced biomass energy in clency.
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Figure 1: Energy wood chips



EXPLORING THE ENERGY PERFORMANCE OF WOOD CHIPS ... 51

In order to achieve higher energy effi-
ciency and better use of this energy, it is nec-
essary to introduce new and advanced high-
tech heating systems. These systems operate
with biomass in the form of wood energy
chips and pellets. Pellet heating systems are
used for local heating of individual house-
holds or for entire buildings. The pellets are

suitable for transport and storage, but they re-
quire an additional drying and pressing, re-
sulting in a slight increase in their prices.
Wood energy chips is about two times
cheaper than pellets and is suitable for pow-
ering larger heating systems such as indus-
trial steam raising plants, local and municipal
heating plants and power plants (Fig. 2).

Figure 2: Municipal heating plant using wood chips, Topol¢any, Slovakia

Energy plantations from fast-growing
tree species (SRF) is a relatively new kind of
intensive crops intended for the production of
wood energy chips. Nowadays, these crops
are created and developed successfully in
many European countries, with clear rules
and regulations for development, use and
trading with this type of fuel. Currently in our
country these plantations are at the stage of
experimental study and still do not have in-
dustrial and commercial significance.

One of the main reasons for this are the
few and limited energy capacities, operating
on biomass. The lack of uniform regulations
and a market for energy energy chips are lim-
iting factors. At the same time, the growing
of energy plantations requires certain invest-
ments and represents certain economic and
market risks for the entrepreneurs. Benefits
from energy plantations are indisputable, and

the more important of them are rhythmic and
secure of fuel supply, providing of jobs,
providing additional income for farmers, uti-
lization of fallow land, rural development
and others.

Of specific interest for our country are
trees such as willow and poplar with suitable
branch selection. There is extensive experi-
ence in terms of breeding and selection of
these fast-growing species for the production
of CTL (technological and construction)
wood in our scientific and research organiza-
tions. This is a prerequisite for the provision
of quality seeds for energy plantations on our
market too.

The aim of this study is to investigate the
main energy characteristics of wood chips
produced from a willow energy plantation of
Salix Viminalis — klon Tordis.
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2. MATERIAL AND METHODS
The study material is wood energy chips

from willow sticks, derived from an experi-
mental energy plantation from Salix Vimi-
nalis klon Tordis (Fig. 3).

Figure 3: Soil-preparation and current view of willow plantation — Hrabiny, Slovakia

The experimental plantation is owned by
the Technical University of Zvolen. The
plantation area is 25 dka and is located near
the village of Hrabiny in Slovakia. The area
is located on flat terrain with a slope of 2+3°.
The soil is sandy and loamy and slightly
acidic with medium heavy mechanical com-
position. Humus content is low to moderate .
The content of nutrients in the soil it is favor-
able for the crop, as the greater part is sup-
plied with calcium, magnesium, phosphorus
and potassium. The altitude is 595 m, annual
rainfall is 805-850 mm, and the average an-
nual temperature is 7,5 °C.

The greater part of the area is well-sup-
plied with water, accessible for the plants.
The plantation was established in May 2007.

Willow cuttings of 1,20 x 0,5 m were planted
for this purpose. Reverse plow was used for
the primary treatment of the soil to a depth of
35 cm, and rotary cultivator for the pre-plant-
ing. The annual yield of dry biomass is ex-
pected to be within 8 to 11 t.h per year
(Dzurenda L., Jandacka J. 2010). Rods pro-
duced in early 2012 and stored in piles in the
open, were used for the purpose of this sur-
vey. The test samples were taken in Septem-
ber the same year, and they were used for an-
alytical samples (Fig. 4). The test was con-
ducted in a measuring laboratory at the De-
partment of "Forestry Harvesting, Logistics
and Ameliorations" in the Technical Univer-
sity of Zvolen, Slovakia.
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Figure 4: Willow sticks and test sample of wood chips

In order to achieve the goals, the exper-
imental study was aimed at identifying the
main characteristics of biomass energy -
moisture content, calorific value and ash con-
tent in the sample ((Dzurenda et al 2012,
Lieskovsky et al 2009).

2.1. DETERMINING THE
RELATIVE HUMIDITY

The determination of the moisture con-
tent was performed by laboratory drying of
an analytical sample (gravimetry), according
to EN 14774-1, EN 14774-2. This process
describes how to determine the water content
of wood chips, which may be used as fuel.

The principle of this method is to find
out the weight of wet and dry wood, weighed
to the nearest 0,01 g. Drying takes place in a
laboratory oven "Memmert”. Drying of the
samples is carried out at a temperature of
103 +2 °C, until constant weight is achieved,
wherein the weight change between two
weightings, with an interval of two hours,
does not exceed 0,01 g. The relative humidity
Wr may be calculated on the basis of the

weight of the sample before and after drying.

The relative humidity of the wood is defined

as the ratio of the weight of the water con-

tained in the sample wood material and the

weight of the moist wood sample.
Determining the relative humidity of the

sample is represented by the equation,

My —
W, = T" x 100 o )

where mw is the mass of the fresh sam-

ple, g;
Mo — the mass of the dry sample, g.

2.2. DETERMINATION OF
CALORIFIC VALUE

Higher heating value Qs or gross calo-
rific value is defined as the heat, released in
the complete combustion of 1 kg of fuel and
cooling the flue gases and ash to the initial
temperature (Tn = 25 °C) in which water va-
por condenses into water (STN 48 0058:
2004 and BJIC ISO 1928:2011). A calorime-
ter is used for solid fuels, model IKA C200
(Fig. 5) in order to determine the calorific
value.

Figure 5: Calorimeter IKA C-200

The lower heating value or net calorific
value Qn is defined as the heat, released by
the complete combustion of 1 kg fuel, with
fuel cooling to an ambient temperature in
which water remains in the gaseous state. It

is calculated based on the gross calorific
value of the samples combustion in accord-
ance with STN 48 0058:2004. For determina-
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tion of the parameters of the heating equip-
ment, the net calorific value of the fuel is usu-
ally used.

Method for determining gross calorific
values in the calorimeter IKA C200

The analytical sample is mixed and a test
sample between 0.8 and 1.5 grams is
weighted. The measurement accuracy is up to
0,0002 g. The test sample is placed in a ring-
shaped crucible for burning and is closed in
the decomposition vessel. A cotton thread,
two electrodes and ignition wire is used for
the ignition of the sample. The calorimeter
vessel is sealed with a union nut and is filled
with oxygen under pressure 2,5+3,5 MPa. A
filling oxygen station "Messer" is used for
this purpose. The calorimeter is filled with 2
liters of water, dispensed automatically. The
water temperature in the jacket of the calo-
rimeter is maintained within + 0,5 °C to the
ambient temperature in the laboratory.

Determination of the upper calorific
value is done using specialized software C
5040 Calwin. After ignition of the control
sample, the main stage of the measurement
commences, as the temperature is displayed
on the calorimeter. At the beginning of this
stage, the temperature rises more quickly,
and after that it starts to decrease and at the

end of this stage it reaches its maximum. Af-
ter about 5 minutes, the final stage of the
measurement occurs, at which the tempera-
ture drops slowly. After deduction of the last
temperature, the measurement is considered
completed. The value obtained from the
measurement of the gross calorific value is
displayed on the screen of the calorimeter. It
is defined by the formula

Q= C{Df.m‘r{} ‘. ©
where C is the heat capacity of the calo-
rimeter, J.°C*;

Dt — general rise in temperature at the
main stage, °C;

K — correction for heat exchange with
the environment,°C;

m — the mass of the test analytical sam-
ple, g;

C = C1 + C2 + Cc3 + Cc4 — are the correc-
tions, c1 = 50 J is the correction for the heat
released from the burning of the thread,
whereas c2, ¢3 ad c4 are negligible, J.

Method for the determination of net cal-
orific value

Net calorific value is calculated accord-
ing to STN I1SO 1928:2004 by the following
formula:

Qv nerm — [qi-'.gr.d - 2':]51':] 'U.'(H}d]. {l — 'DJ'D 1. ."lffr} - 231'::'5 ."lffr, (3)

where @vnerm is the net calorific value
of the fuel at constant volume and water con-
tent, kJ/kg;

qv.gr.d — gross calorific value at con-
stant volume and free water, kJ/Kg;

w(H}; — the hydrogen content of the
sample, %;

Mr - the relative humidity of the sample,
%.

2.3. DETERMINATION OF ASH
CONTENT

The practical method for determining
the ash content is carried out in accordance to
STN ISO 1171 "Solid fuels". A sample of
about 2 g is weighted on a porcelain vessel.
The mass of the sample is determined by a
laboratory electronic scales "Kern", with an
accuracy up to 0,0001 g. Samples are dried
beforehand in a "Memmert” oven at a tem-
perature of 103 £2 °C to constant mass. The
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essence of the method is a sample combus-
tion in a muffle electric furnace, model VEB
LM 212 (0-1200 °C).

The sample is heated in air at a specific
rate to a temperature 815 £10 °C to constant
weight. For this purpose, the furnace temper-
ature is gradually increased for 60 min to
500 °C, then the temperature is maintained
for 30 min. Afterwards the temperature is in-
creased again to 815 °C and is maintained
constant for 60 min. After completion of the
process, the vessel with the sample is re-
moved from the muffle furnace and cooled
on a metal plate for 10 min. Thereafter, the
sample is transferred to a desiccator or other
closed container and is left to cool to room

temperature. After cooling, the sample is
weighed to an accuracy of 0,0001 g. The ash
content is calculated according to the weight
of the residues after combustion of the sam-

ple.

3. RESULTS AND DISCUSSION

Annual willow branches, obtained in ex-
perimental plantation in early 2012 were
used for this survey. The branches have been
stored in a warehouse plantation outdoors.
The samples were taken on 11.09.2012 and
tested the next day in a laboratory of the
Technical University in Zvolen. The survey
results are presented in Table 1, 2 and 3.

Table 1: Estimation of relative moisture content

Parameters Estimation
Weight of wet sample, [g] 316,19
Relative moisture, [%0] 11,3

Table 2: Estimation of gross and net calorific value

Parameters Estimation
Weight of the sample, [g] 1,4514
Gross calorific value, [MJ.kg?] 20,597
Net calorific value according to ONORM M 19,255
7132 for moisture 0%, [MJ.kg]
Calorific value according to ONORM M 7132 as 16,797
supplied, [MJ.kg]
Calorific value according to 1SO 1928 as sup- 16,907
plied, [MJ.kg?]

Table 3: Estimation of ash content

Parameters Estimation
Sample weight, [g] 2,4075
Weight of ash, [g] 0,0683
Ash content in weight percent, [%0] 2,84

The measured relative humidity of the
test sample is relatively low — 11,3 %, which
IS a consequence of the natural drying of the
wood in the open. The measured average cal-
orific value of the sample in dry state is
19,255 MJ.kg. This value is a good indica-
tor of wood that will be used as fuel. Due to
the relatively low humidity of the tested ma-
terial, the net calorific value is relatively
high — 16,907 MJ.kg™. Ash content of the

sample is 2,84 %. This is due to the younger
age (1 year old) of harvested willow sticks
and correspondingly the higher content of
bark in the mass of the sample.

The obtained results show high energy
values of the wood of Salix Viminalis, klon
Tordis. Natural drying of the material to
11,3 % relative humidity improves its net cal-
orific value. The produced chips from this
wood material have high energy values and
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are suitable for solid fuel for direct combus-
tion in thermal biomass power plants. In or-
der to reduce the ash content in the fuel, it is
necessary to use more mature wood with less
bark content in the chips.

CONCLUSION

Energy plantations from Salix Viminalis
are suitable for Bulgarian condition. Klon
Tordis is selected and heavy-duty willow
species, from which it can be obtained be-
tween 8 and 11 tons dry biomass per year on
average. There are objective natural and cli-
matic conditions for the establishment of in-
dustrial plantations of this fast-growing tree
species in our country. One rotation cycle of
this energy crop may vary between two and
five years, depending on the type and quality
of the soil, the average temperature, the
amount of rainfall and the machines used for
production of biomass.

The analysis of the energy characteris-
tics of the wood chips produced from Salix
Viminalis, klon Tordis indicates a high gross
(20,597 MJ.kg?) and net calorific value of
dry mass (19,255 MJ.kg?) under the specific
production conditions. Naturally dried wood
has a relative humidity Wr = 11,3 % and ac-
cording to 1SO 1928:2011 it has a clean net
calorific value 16,907 MJ.kg™. This gives
grounds to assume that the wood produced
from such an energy plantation will have
high energy characteristics and will satisfy
the market for energy chips. To reduce the
ash content in the wood, it is necessary that
the yield occurs not earlier than the second or
third growing season of the crop.

Wood energy chips as a renewable bio-
fuel for heating are becoming more and more
important substitution for fossil fuels. Their
big advantages are the utilization of biomass
waste from logging and forest industry and
the ability to establish energy plantations on

unproductive agricultural areas. The energy
chips have price about 100 — 110 € (EU) per
one ton, with calculated price about 5,8 — 6 €
per one GJ of energy is present attractive bio-
fuel for heating and electricity plants.
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