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Abstract

Future perspective of the research is the production of fuel pellets from energy plant (Phalaris arundinacea L.,
Festuca arundinacea, etc.) biomass, because it can be better burnt in granule burners and is more environmentally
friendly, if compared to the fossil mineral resources (coal, oil, gas), moreover it has low moisture content (70 —
90 g kg*) and correspondingly it produces higher combustion energy. The research covered preparation of various
content tablets from reed canary grass (Phalaris arundinacea L.) variety ’Marathon’ (N fertilizer rate on the
N-90 kg ha?), energy wood - osier (Salix viminalis L) and poplar (Populus tremula L.) with N fertilizer norms N-0
and N-120 kg hat, and afterwards research of the combustion ability of and ash content in these tablets. Combustion
ability of reed canary grass (Phalaris arundinacea L.) variety ‘Marathon’ reached 17.48 MJ kg*. The highest average
combustion ability with different pellet content was found for the fast-growing poplar both with doses of N fertilizer -
18.55 MJ kg* and without N fertilizer - 18.49 MJ kg*. Optimum content of various component pellets for biomass
was a mixture of components 1/3 (reed canary grass/osier or poplar). The lowest indicators in respect to the ash
content were observed for osier (Salix viminalis L.) - 27.9 g kg*. The best ash content indicators for a mixture of
granular composition was in a mixture of components one-fourth of the reed canary grass with three parts of osier -
34.3 g kgtor with poplar - 41.8 g kg™.

Key words: Phalaris arundinacea L., Salix viminalis L., Populus tremula L., ash content, combustion ability, nitrogen

fertilizer.

Introduction

Along with the accession of the European Union
countries to the Kyoto Protocol, which aims at
restriction or even complete refusal from the fossil
fuels, renewable energy resources should be reasonably
used, amount of greenhouse gas emissions should
be reduced, and, at the same time, environmentally
friendly energy production from renewable energy
sources should be enhanced (Energétisko ..., 2007).

On a global scale, resulting from the reduction of
fossil raw materials the need for renewable energy
resources is growing. Although production of energy
from forestry products is traditional, increase in the
fossil energy prices has led also to the beneficial
production of energy from agricultural produce —
biomass (DIRECTIVE ..., 2009).

An overall negative trend for production of fuel
pellets in Europe, including the Baltic States, that
should be considered is the lack of traditional raw
materials (saw-dust from conifers), obtained from the
wood processing industry waste (Adamovics et al.,
2009).

Studies on this subject are topical, especially the
ones devoted to search of alternative biofuel raw
material sources, as well as discussed in the global
forums in respect to the problems of biomass use for
energy needs.

Currently, biomass use comprises approximately
14% of the total global balance of energy resources
(50 EJ per year from the total 406 EJ per year). For the
last 15 years, heat and power generation from biomass
in the EU countries has increased by 2 — 9% per year,
though it gives only about 5% of the total amount of
energy produced (Irbins, 2009).

Pellets are environmentally friendly renewable
biofuel, and they are CO, neutral, because biomass
raw materials, used for the production thereof,
during a growth attracts the same amount of CO,
that is released during burning of the product. As
biofuel wood pellets are environmentally friendly
also due to the fact that they contain such a small
amount of sulphur and nitrogen that, when correctly
burnt, amounts of nitrogen oxide and sulphur dioxide
practically cannot be detected in gases.

Pellets are biomass dried and pressed to the size
that can be easily transported, stored, efficiently burnt
and may ensure fully automatic burning process.
Woodchip pellets or fuel pellets are solid biofuels,
chemical transformation-combustion of which results
in a conversion to heat. Pellets are made from dried
woodworking residues and waste: sawdust, wood
shavings, barks, twigs, branches, etc. One kilogram of
wood pellets contains energy equal to 0.5L of liquid
fuels (Irbins, 2009).

Pellets have high thermal efficiency - the new
pellet burning technologies allow burning woods
with very high efficiency (88 — 92%). Pellet heating
capacity is only 10% lower than that of coal. Pure and
natural raw materials used for the pellet production
are sawdust, woodchips, and wood. For granulation, a
variety of herbaceous species, their mixtures, natural
meadow grass, and reeds can be used (Adamovics et
al., 2009; Energgetisko ..., 2007; Lazdina et al., 2008).

In addition, the biomass dried in the pellet
manufacturing process is compacted in proportion
from 1.7 to 1:10 of the initial biomass volume. If
compared to wood, one pellet unit volume has two
times more calories than the same volume of wood.
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Even if perfectly dried, firewood contains 20-30%
more moisture than a pellet. As a result, due to the
fact that ‘air’ and ‘water’ are not transported, the
transportation of pellets is much more effective than
transportation of any other biomass.

The highest quality pellets have natural wood
colour, they are clean, pleasantly fragrant and smooth.
Pellets for heating are produced from 100% natural
material-wood shavings. Pellets are cylindrical in
shape and approximately as thick as a pencil (Irbins,
2009).

Pellets have several advantages, if compared to
their raw material - wood shavings - because they are
more compact, more easily transportable and, the most
important, they can be obtained from wood residues
and therefore pellets are produced from are renewable
resources. Wood combustion process is less harmful:
carbon dioxide released to the atmosphere does no
shift balance in nature, and does not increase the
greenhouse effect, unlike black fuel oil or fossil fuels
(Tardenaka and Spince, 2006).

The studies show that, if residential houses are
heated with pellets instead of black fuel oil, the
released CO, pollution is reduced by about 4.8 tons per
year, but substitution of gas-fired central heating leads
to the reduction of the emitted CO, by approximately
2.5 t per year. Transportation and storage of pellets
does not pose risk for the environment. Ash generally
can be used as chemical fertilizers, since chemical
elements in its content usually do not exceed the
specified limits (Energétisko ..., 2007).

Increase of biomass on the Earth every year is
valued as 200 billion tonnes. Although biomass energy
potential is 10 times higher than possibilities of fossil
fuels, still the use of biomass is very complicated. In
comparison with the fossil fuel, the natural fuel has
lower heat output. For fresh carved wood it is 2.9,
for dry - 4.28, for cardboard - 4.39, for black fuel
oil - 11.73, for coal from - 6.5 to 9, and for natural
liquefied gas - 14.33 kWh kg™. Technologies for the
use of biomass are constantly improved, but fossil fuel
resources are running short, so in future we can expect
faster price rises. For the past 15 years, the heat and
power generation from biomass in the EU countries
has been increasing by 2 - 9% per year, while currently
biomass constitutes only about 5% of the total energy
produced (Zake et al., 2010).

At present wood products (firewood, woodchips,
and pellets) are the most popular renewable fuels in
Latvia. However, also wood resource regeneration
ability is limited in time and space. In many countries
cultivation of various plants is recommended as
an alternative to the thermal energy production
(Adamovics et al., 2009; Benocenbckuii and CoJsiKoB,
1980).

One of the alternatives used for the biomass
production is cultivation of grasses (Phalaris
arundinacea L., Festuca arundinacea L., etc.).
Evaluating the reed canary grass as a fuel, it should be
noted that it is very suitable for the use in automatic
boilers.

However, use of the reed canary grass for the
heat production is characterized by major problems
in burning process, such as the quantity of ashes,
composition of flue gases and ash melting temperature
(Boateng et al., 2006).

Production of thermal energy (from pellets) would
need cultivated plants with high biomass yield, good
combustibility, higher heat output and lower content of
ashes. Finding the most appropriate reed canary grass
composition (reed canary grass biomass together with
biomass osier and poplar biomass) with the best pellet
combustion ability will result in the best and the most
efficient solution. And perhaps in future there will be
economies specializing directly on cultivation of reed
canary grass intended for heating and its use in the
manufacture of pellets.

One of the most significant indicators of the fuel
material quality is ash. However, larger quantities
of ash are causing problems with automation of the
combustion process (Tardenaka and Spince, 2006).

The most important indicator in the production
of thermal energy is the quantity of ashes, which
according to the standard (DIN 51731) rates up to
15 g kg*. Higher ash contents are causing problems
with automation of the combustion process. In
addition, heating capacity of such pellets is 600 —
1000 kJ kg* lower, for example, for the bark briquettes
having ash content of 140 g kg heating capacity
comprises 16711 kJ kg* (by the standard DIN 51731,
net calorific value must reach at least 17500 kJ kg?).
Fuel combustion heat is a key performance indicator,
which largely depends on the amount of moisture and
ashes. At mean granule moisture of 67 — 78 g kg it
ranges from 18400 to 17700 kJ kg™.

New standards for the production of pellets-DIN
Plus-indicate that ash content must not exceed 0.5%
(Tardenaka and Spince, 2006).

Wood ashes have almost a full set of minerals
required by the plants. They contain macro-elements
(except nitrogen) and trace elements in the form of
oxides and carbonates. Wood ash, depending on the
tree specie, contain 40 — 200 g kg of potassium, 180 —
300 g kg of calcium, and 5 - 10 g kg* of phosphorus.
The effect left by the ash is lasting for three to four
years; it can be used as a fertiliser annually, on average
providing 300 - 400 g per square meter. Wood ash
is a valuable source of minerals and high-quality
alkali, containing more than 30 nutrients (potassium,
calcium, magnesium, iron, phosphorus, sulphur, and
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other elements) necessary for plants, and in a very
short time it can reduce the soil acidity (Irbins, 2009).

Combustion ability is the primary characteristic
of a fuel that determines its effectiveness (Friedl et
al., 2005) - the maximum amount of energy that can
be produced during the substance combustion. The
highest combustion heat is the enthalpy of complete
fuel combustion, that is, to achieve the maximum
degree of oxidation. The highest combustion heat is
determined by burning a sample in the calorimetric
ball. The highest heat of combustion includes also the
heat that is released at the water vapour condensation
(Obenberger and Thek, 2010).

One of the most important indicators in the heat
production is the amount of ashes. In compliance with
the DIN 51731 standard for the assessment of pellets
and briquettes elaborated in Germany, the norm has
been specified up to 1.5%. Larger quantities of ashes
are causing problems with the combustion process
automation (Tardenaka and Spince, 2006).

Reed canary grass (Phalaris arundinacea L.)
according to its characteristics and composition is
similar to the wood, while when burning generates
more ashes. Therefore, in the production of pellets it
should be mixed with the shavings and chips.

Obijectives of the research:

1. to examine and assess combustion ability of
and ash content in the energy plant pellets
(Phalaris arundinacea L./ Salix viminalis L.
and Phalaris arundinacea L./ Populus tremula
L.) with various proportions of components
(1/3;1/1;3/1);

2. to assess the impact of nitrogen chemical
fertilizers on the quality of pellets;

3. to determine the best combinations and
proportions of the energy plant components.

The aim: to determine the burning capability of
energy plant biomass pellets.

Materials and Methods

Research objects: reed canary grass (Phalaris
arundinacea L.) - (RCG), energy plants: osier (Salix
viminalis L.) and poplar (Populus tremula L.).

In the territory of Latvia, reed canary grass
(Phalaris arundinacea L.) biomass is regarded as
one of the alternative sources of raw materials for the
production of pellets in the Baltic States and Northern
Europe. This grass is characterized by its stability
under local climatic conditions and high biomass
yield.

Samples (reed canary grass variety ‘Marathon’ at
N-90 kg ha dose of chemical fertilizer) for the study
were taken at Latgale Centre of Agriculture Science
(SIA Latgales lauksaimniecibas zindtnes centrs) on
06.10.2010.

Whereas cultivated energetic plants: osier (Salix
viminalis L.) variety “Tordis’ ((Salix schwerinii x S.
viminalis) x S. viminalis) and poplar (Populus tremula
L.) (N chemical fertilizer dose N-0 and N-120 kg ha)
were collected in the Vezai¢i Agricultural Research
Institute Centre (Lithuania) on 15.10.2010.
Pellets were made of single components and two
components varied as follows:
Single-component pellets:
1. Salix viminalis L.,
2. Populus tremula L.,
3. Phalaris arundinacea L.

Two-component pellets in following proportions:
1/3 - 1 part RCG + 3 parts Salix viminalis L.
or Populus tremula L.,
1/1 - half RCG + half Salix viminalis L. or
Populus tremula L.,
3/1 - 3 parts RCG + 1 part Salix viminalis L. or
Populus tremula L.

Inthe pellet manufacturing process the energy plant
biomass is chopped and ground in the laboratory mill
OM-3A YXIJI 4.2, and afterwards powder produced in
a mill is formed into a pellet with the hand press ‘IKA
WERKE’.

Energy plant biomass pellets were made from
100% natural ingredients — chopped wood (Salix
viminalis L. or Populus tremula L.) and chopped RCG
biomass. Pellets have cylindrical shape and they are
approximately as thick as a pencil.

Combustion heat of the energy plant biomass
pellet samples was determined calorimetrically
with a calorimetric capsule IKA C 5003 in Klaipéda
University scientific  -research laboratory, in
compliance with the LST CEN/TS 14918:2006
standards.

Ash content in different composition samples was
found out in the agricultural scientific laboratory for
agronomic analyses of the University of Latvia in
compliance with the 1SO 5984: 2002/Cor 1: 2005
standard. For each sample three parallel experiments
were carried out.

The mathematical evaluation was performed
with the help of three experiments taking place
simultaneously.

Results and Discussion

Evaluation of the medium calorific capacity of
the sample with the ingredient proportion 1/3 (RCG/
Populus tremula L.) show that it was significantly
higher (p<0.05) (19.01%), if compared to (Salix
viminalis L.) (RS, ., =0.08).

Comparison of the obtained results show that
significant (p<0.05) is ratio RS .=0.14. But
considering the fertilizer effect on combustion, it

appears that there are significant differences (p<0.05)
(RS, ..,=0.08).

0.05A
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The highest combustion heat indicators were
observed for peat: 28.8 MJ kg?, moreover the
number is very close to the coal index. The straw
biomass had the highest combustion heat indicators -
17.3+18.5 MJ kg?, wood (various tree species)
combustion heat comprised 18.5+19.5 MJ kg, wood
bark-18.5+19.5MJkg*,and canola-18.6+19.6 MJkg™*
(Zake et al., 2010).

When analyzing combustion ability of different
proportion reed canary grass and osier pellets,
depending on the dose of nitrogen chemical fertilizers,
we came to the conclusion that best combustion ability
was indicated in samples without the dose of nitrogen
chemical fertilizers.

Best combustion ability indicators were found
in the combination 1/3 (RCG /Populus tremula L.) -
18.59 MJ kg* with nitrogen chemical fertilizers and
18.83 MJ kg* without the dose of nitrogen chemical
fertilizers (Fig. 1).When analyzing combustion ability
of different composition reed canary grass and osier
pellets, depending on the dose of nitrogen chemical
fertilizers, we found out that the best combustion

20
12
18
17

16

Cotrbustion ability, 34T kg!

15

Populustremula L.
L)

1/3 (RCG/Populus trermula

ability was in samples without the dose of nitrogen
chemical fertilizers. The best combustion ability
is indicated at 1/3 (/RCG/Salix viminalis L.) with
a nitrogen fertilizer - 18.57 MJ kg?, but without a
dose of nitrogen chemical fertilizers - 18.69 MJ kg*
(Fig. 2).

Consequently, nitrogen chemical fertilizers are
not of vital importance, therefore for clearness the
average results of combustion capacities in pellets
with different compositions were displayed in
Figure 3.

The research shows that 100% RCG biomass is
having lower combustion ability than pellets with
osier and poplar. The best reed canary grass biomass
combustion ability indicators are presented on samples
withratio 1/3 (/RCG/Salix viminalisL.) - 18.71 MJkg?,
1/3 (RCG/Populus tremula L.) - 18.63 MJ kg.

Heating with lower ash content allows operating
with economically higher quality heating systems. In
Latvia amount of ashes from wood chip pellets and
briguettes ranges within limits from 2.5 to 10 g kg™.

11 (RCG/Populustremula  3/1 (RCG/Populus tremula
L) L)

Figure 1. Combustion ability of osier and reed canary grass pellets depending on the nitrogen chemical
fertilizers: [ -without mineral nitrogen fertilizer; Il - with mineral nitrogen fertilizer.
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Figure 2. Combustion ability of poplar and reed canary grass pellets depending on nitrogen
chemical fertilizers:
(|- without mineral nitrogen fertilizer; Illl - with mineral nitrogen fertilizer.
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Figure 3. Combustion ability in pellets with different component proportions.

Figure 4. Ash content for different content of pellets.

In addition, the heating capacity of such pellets is
600-1000 kJ kg lower, e. g. heating capacity for bark
briquettes with ash content of 140 g kg* comprises
16.554 kJ kg* (according to the standard DIN 51731
heating capacity should reach at least 17.500 kJ kg?).
Fuel combustion heat is an essential quality indicator,
which largely depends on the amount of moisture and
ashes. With the average pellet moisture comprising
67-78 g kg* it ranges from 18.400 to 17.700 kJ kg*
(Obenberger and Thek, 2010).

Available data suggest that ash content
produced by the autumn reed canary grass
(Phalaris arundinacea L.) biomass is large -
55.9 g kg (Fig. 4), therefore it should be appropriate
to produce pellets from the reed canary grass
biomass with the wood raw material supplement.

Thus one of the main problems during burning
process in the heating system - the ash content - will
be reduced. Therewith economic production and use
of the reed canary grass in the heat production would
be increased.

During the interpretation of the ash content
indicators in pellets with different component
proportions, we have identified that in part of the
reed canary grass biomass the ash content is the
lowest - respectively in the ones where indicators are
proportional to the component combination 1/3 (RCG
+ wood) with both osier (34.3 g kg?) and poplar
(41.8 gkg™).
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Conclusions

Two variance analysis results showed that
combustion can significantly influence (p<0.05)
interaction of both factors (proportion and fertilizer)
(RS, 1545=0.20), (n*=0.2026), still the fertilizer impact
was essential.

The largest average combustion ability of the reed
canary grass biomass was for pellets with component
ratio 1/3 (RCG/wood), reaching 18.76 MJ kg?,
therefore it is appropriate to grow and use reed canary
grass as an alternative energy plant cultivated for the
production of biofuel pellets in Latvia.

The best component composition used for the
production of pellets is the ratio 1/3 (RCG + wood).

The lowest ash content was for a mixture of various
granules with the average ratio 1/3 (RCG/Salix
viminal L) - 34.9 g kg* and also 1/3 (RCG/Populus
tremula L.) - 41.8 g kg™

Nitrogen fertilizers do not leave significant effect
on the quality of pellets and their combustion ability.
Average combustion ability of pellets of different
sizes without nitrogen fertilizers comprised 18.53 MJ
kg, but with nitrogen fertilizer - 18.34 MJ kg™.
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