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ENERGY WILLOW FROM EXPERIMENTAL PLANTATION
AS A POTENTIALLY CLEAN ENERGY SOURCE

WIERZBA ENERGETYCZNA Z PLANTACJI EKSPERYMENTALNEJ
JAKO POTENCJALNIE CZYSTE ZRODLO ENERGII

Abstract: Energy willow as a species with broad adaptatiossibilities, large production capacity and a wide
range of applications, takes a special place arttemglants grown for energy production. In this kvan analysis
was conducted in respect of the usefulness otypis of wood from experimental plantations as arlsource of
energy generated in the combustion process. Thedfezombustion and net calorific value of dry neatbf
energy willow wood, including selected sorts andsses of thickness were determined. Energy willas h
a natural ability to accumulate heavy metals whioh oxidized during the combustion process or rerrathe
ash, and consequently repollute the environmentrdier to determine the environmental impact thetert of
heavy metals was examined in energy willow wood @&mdhe soil of the experimental plantation. Metal
concentrations were determined by the Atomic AbSompSpectrometry method (AAS). Results of the stest
confirmed a close relationship between the heaaibustion, calorific value and wood thickness af as its
location in the tree structure. Furthermore, vargé differences were found in the content of heaetals in the
samples of both willow wood and soil. The levelheivy metal content in the wood of energy willostedmine
the agricultural use of ashes produced during cetidou
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Introduction

Currently, we witness a progressive urbanization sorgrowing range of areas.
As a result, industry is developing and communigatiroutes are extended. This
development is accompanied by increasing emissibieavy metals which persist in the
atmosphere and are deposited in the soil, thugibatihg to the increase of agricultural
wasteland. Production of plants for consumptiothigse areas becomes impossible due to
the degree of contamination or because of unphilipy These areas include, among
others, infertile soil of lower quality class, pdgkd arable land in the vicinity of industrial
plants, brownfield land (mining dumps) or reclainsdas [1-3].

In view of the growing problems possibly quick andxpensive solutions have been
searched for. Currently, studies are being conduote the usefulness of plants for the
reclamation and management of contaminated doilsas been observed that some plant
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species have a natural ability of accumulating hiemetals,i.e. of phytoremediation, so
that they can be used in the process of purifioatiothe environment. This group of plants
with phytoremediation potential includes most psagtown for energy purposes. Special
place is occupied here by energy willow as a sgewith wide adaptation possibilities and
high production potential [4-6].

The ability of accumulation and disposal of harngfubstances allows to use willow in
the process of phytoremediation combining the fiancbf bioenergy production with the
function of improving the properties of the contaated soil. An important factor limiting
the use of willow for energy purposes is the acdatian in willow wood heavy metals
taken from the environment. During the combustioocpss, these metals can be re-emitted
into the environment or remain in the ashes, tmygeding their use and at the same time
contribute to the re-contamination of surroundifigq].

Energy willow is not very demanding in terms oflsminditions [7, 8]. It can be grown
both in the depression areas of Zulawy and ondbthills of the height from 350 to 550 m
above sea level. For planting most useful are ralremd sandy soils, as well as clay and
organic soils of quality classes Ill, IV and V. Atidnally, this plant has great tolerance to
pH of the soil (pH 4.5 to 7.6) [9-11].

In connection with the above issues studies wendwected to determine the possibility
of using energy willow as a potential clean enesgurce. For this purpose the heat of
combustion and calorific value of dry matter of thidlow wood and bark were determined.
From the point of view of environmental protectiom,be able to treat this fuel as a clean
energy source in the study the content of heavalsetas determined in the willow wood
and soil on which the experimental plantation wasated. In turn to specify the
environmental impact the results were compared wéhmissible contents of individual
metals in soil or ground determined in the Regafatof the Minister of Environment
of 9 September 2002 on soil quality standards B2,

Experimental material

The experimental material was willow wood takennirthe experimental plantation.
The experimental energy willow plantation is locaten a small village Puczniew,
Lutomiersk municipality, Pabianice district in thedz region. The village is located in the
Ner river valley at Laska Upland.

The energy willow plantation was established at ithigative of the International
Centre for Ecology, Polish Academy of Sciences #radUniversity of Lodz. Within the
plantation research is conducted on the use ofophytediation for detoxification of
aromatic compounds and for bioaccumulation of phoggs compounds by the vegetation
of ecotone zones.

Willow shrubs at the plantation were relatively pguabout five years old only. The
experimental material consisted of both willow bard twigs of various diameters. From
each shrub 8 to 12 samples were collected, depgmutirthe shrub size and possibility of
separation of individual samples. The samples wmitleed and averaged and then new,
small samples weighing about 1 gram were formedbd@omineralized. As part of the
experiments performed each sample was testedplicate. The samples were stored in
sealed plastic bags in the laboratory.

In the plantation four different willow species Wwitlifferent properties were grown,
namely | - RAPP, Il - ORM, Ill - JORRUN and IV - WL Willow species have different
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growth abilities which is related to different chic and soil requirements. The factor that
determines the willow growth rate is a sufficiemdi@unt of moisture accumulated in the
soil, especially at the early stage of cultivatiand humus content. The first two willow

species are characterized by higher resistancéaatet growth [5, 14].

The first willow species - RAPP is located in tmeniediate vicinity of an irrigation
ditch. Another species is grown about 15 m awaynfrine ditch. The third species -
JORRUN is cultivated at a distance of 30 m, and l#s species IV - ULV is grown
farthest away from the irrigation ditch at a distamf 50 meters.

Due to these differences in the properties of idgdial willow species, wood samples
of all species were used in the study. In additgmi, samples from each species location
were taken for testing.

The plantation is located on soil with worse qyatitasses where specific brown soils,
leached and acid soils as well as podzolic and dugmadzolic soils prevail. In order to
fertilize barren soils this area is irrigated wither waters carrying wastewater purified in
the Combined Wastewater Treatment Plant.

Due to the varying distance of individual tree dgsrirom the irrigation ditch and
varying inclination of the surface, there are diéf@ arrangements of groundwater table
along the slope. The level of water table is 0.Befow the ground surface at a distance of
1 meter from the irrigation ditch and 0.2 meterkoethe ground surface at a distance of
50 meters.

In connection with such diverse habitat conditiossil samples were collected as
a complementary research material which was andlf@evarious man-made substances
in the environment. Specific soil samples wereemtfld at a depth of 30 cm at various
distances from the irrigation ditch. Soil samplesrevappropriately labeled with Arabic
numerals: 1 - soil samples taken in the immediatity of the irrigation ditch, 2 - soil
collected 15 meters from the ditch, 3 - soil sambken in the plantation center, 4 - soll
samples taken 50 m from the irrigation ditch.

From each place mentioned above three samplestaleza. In total, 12 soil samples
were collected and analyzed. The samples weredsiarplastic sealed containers in the
laboratory. After collection the samples were drieda drying oven at 60°C for a week.
The dried soil samples weighing about 1 gram wereeralized.

Experimental methods

The heat of combustion and calorific value of egengllow wood were determined
according to the standard 1SO 1928:2002 Solid fueBetermination of the heat of
combustion by the method of combustion in a bomloroaeter and calorific value
calculation. Determination of the heat of combustyy the calorimetric method consists in
precise measuring the amount of heat generatedgladmbustion of a known quantity of
fuel in the bomb calorimeter (at constant volume)okygen under pressure when the
products of combustion cool down to the room terapee. The amount of generated heat
is determined by measuring an increase in the teatyre of water in the vessel in which
the bomb calorimeter is immersed. After introducaugrections which include additional
thermal effects associated with heat transfer ¢oettivironment, the corrected temperature
rise is multiplied by constant C (heat capacitythe calorimeter). From so calculated heat
of combustion we subtract the heat of synthesisdisgblution of sulfuric and nitric acid
formed in the process. The amount of acids is detexd by titration [15, 16].
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The content of lead, cadmium, zinc, copper, nigked chromium in the biomass and
soil samples was determined using one of the oldesgthods of chemical analysis -
flameless Atomic Absorption Spectrometry (AAS). 1 an instrumental technique which
is used to determine even trace amounts of vagtaments in various materials and media.

The method consists in absorbing radiation of aragtaristic wavelength by free
atoms of a given element. The Atomic Absorption Bmphotometry is based on the
measurement of absorption of electromagnetic radiaby substances in a quite broad
range from 180 to 900 nm [17, 18].

In this method, the electronic atomization in gitgfurnace atomizers is used in order
to obtain atomic gas. The device is electricallgthd in four stages. In the first stage water
is evaporated from the sample at the temperatupe200°C in time of up to several tens of
seconds. In the second stage the sample is miredallThe temperature and time of this
stage depend on the sample material. In the thades when the temperature reaches
1000 to 3000°C the evaporation and atomizatiomefsample take place. The process lasts
for several seconds. In the last stage the sampéamoved from the furnace before the next
measurement cycle [17].

Wood and soil samples were mineralized in a Milestanicrowave mineralizer.
Mineralization took 25 min. Triple samples of woadd soil were mineralized. Each of
these samples was subjected to an independentsanahd the results which are shown in
the graph are the arithmetic means of the restitts.results differed by up to 15%.

Results

Figure 1 shows the calorific value of willow wooddabark, depending on the sort and
thickness of material being tested and energy wikpecies.

Based on the results it can be concluded that @haific value of the whole willow
sample ranged from 10 to 14 MJ/kg d.m., with abt®d? MJ/kg d.m. being the calorific
value of wood. The best species from the pointiefwof energy concentrationg. with
the highest calorific value, appeared to be thetksted species, JORRUN. In the case of
this species the calorific value was at the le¥el®2 to 14.1 MJ/kg d.m. For RAPP, ORM
and ULV species the calorific value was 10.6-14KkgJd.m., 10.2-12.7 MJ/kg d.m. and
9.8-11.6 MJ/kg d.m., respectively.
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Fig. 1. Calorific value of the tested species adrgy willow: a) RAPP, b) ORM, c¢) ULV, d) JORRUN

Figure 2 shows the results of heavy metals corittdsted species of energy willow
wood and in the soil coming from the plantation.s&h on the above results, we can
conclude that the concentration of zinc is the éggjlamong heavy metals analyzed in the
willow wood samples. Its content ranges from 78kpgd.m. (JORRUN) to about
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124 mg/kg d.m. (RAPP). In the soil samples, zinnoemtration is much higher reaching
the level of 93 mg/kg d.m. (soil samples for JORREjpécies) to 263 mg/kg d.m. (soil
samples for ULV species).

In turn, the content of cadmium and nickel in batbod and soil samples is small,
amounting to 1 mg/kg d.m. for cadmium and 5 mg/kg.dor nickel. A deviation from the
trend is observed in the case of RAPP and ULV gseaivhere there is an increased
concentration of nickel in the soil - 24 mg/kg dfor. RAPP and 38 mg/kg d.m. for ULV.

The lead content in different species of willow wo@ similar, 35 mg/kg d.m.
Completely different changes are observed in tise cd lead in the soil. The concentration
is very diverse and ranges from 19 mg/kg d.m. a@3®RRUN species to 106 mg/kg d.m.
in ULV.

The copper content in the willow wood in the fitaio species (RAPP, ORM) is the
same,i.e. 40 mg/kg d.m. In the two other species copper emintlecreases gradually
reaching the level of 28 mg/kg d.m. for ULV andidd/kg d.m. for JORRUN. The content
of this metal in soil samples was different: 31 kggd.m. for RAPP, 14 mg/kg d.m. for
ORM, 65 mg/kg d.m. for ULV and 11 mg/kg d.m. forRRUN.

The content of chromium in both willow wood andlssialso very different like in the
case of copper. The content of this metal in woanges from 22 mg/kg d.m. (ULV) to
36 mg/kg d.m. (RAPP), while in soil it is in thenge from 13 mg/kg d.m. (JORRUN) to
95 mg/kg d.m. (ULV).
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m Average heavy metal
content in wood

200 m Average heavy metal
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Fig. 2. Heavy metals content of tested specieshef dnergy willow: a) RAPP, b) ORM, c) ULV,
d) JORRUN

Discussion

Based on the results it can be concluded that Weeage calorific value of willow
sample fluctuated around 12 MJ/kg d.m., where aldduMJ/kg d.m. was the average
calorific value of wood. The highest calorific valof 14.1 MJ/kg d.m. was obtained for
a sample 4.9 cm in diameter for JORRUN specieslevthe lowest one of 9.8 MJ/kg for
a sample with the smallest diameter 0.3 cm for Wpécies. The results confirm that the
calorific value depends strictly on the tested sdrwvillow wood, wood sample thickness
and its position in the tree structure and finalty willow species which is in agreement
with the literature data [19-22].

These results confirm very large individual diffeces in the content of heavy metals
in both osier wood and soil samples in the areautiivation of a given willow species. The
heterogeneity and variable content of heavy medefsend primarily on willow species
cultivated in particular areas of the experimeplahtation. In addition, the concentration
of heavy metals depends on soil conditions, inipadr the level of water table.

The greatest average content of zinc and leackinvtbod of energy willow is observed
in the case of the first two varietiess. RAPP and ORM. These varieties are characterized
by the most extensive root systems through whickalsmeare taken up by the plant and
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incorporated into its structure. A significant ingpaf the content of metals in the energy
willow has also the degree of willow wood contantima with these metals. The higher the
concentrations of these metals in the soil, theenodithem pass to the plant structure.

It should also be noted that only in soil sampkeeeh from the area of JORRUN
species cultivation the permissible content of yeaetals in the soil was not exceeded. In
the case of the RAPP species the permissible zintent was exceeded by almost 50%.
Zinc content in the soil was 143 mg/kg d.m., whiteacceptable level is 100 mg/kg d.m.
For the same species a slightly exceeded levetasf hnd copper (by 1 mg/kg d.m.) was
also observed. A slightly exceeded content wasrtegan the ORM species. In this case,
only the content of zinc in the soil was exceeddte worst results were obtained for soil
samples taken from the plantation of ULV specid®e €ontent of each investigated metal
was higher than the permissible content of heavialsmén the soil as specified in the
Regulation of the Minister of the Environment of Sptember 2002 on soil quality
standards. The obtained results are compatible priévious literature reports. We are
seeing only slight variations depending on theetgrof the tested energy willow [23-25].

This condition results from the furthest positidithis variety from the irrigation ditch
where soil has low moisture content, and henceyheetals are not washed out.

Conclusions

An analysis was carried out to determine the silitabof energy willow as
a potentially clean source of energy generatethéncombustion process. For this purpose
the heat of combustion, calorific value and contgihsome heavy metals in the willow
wood and soil from the experimental plantation wegtermined.

Results of the tests revealed a close relationbleiwveen the calorific value and
thickness of wood and its position in the tree dtre. The average calorific value of the
willow sample fluctuated around 12 MJ/kg d.m.

In the process of burning the willow wood, metatmtained in it may either be
oxidized or remain in the ash. As a result, dua pmssible use of the ash as a fertilizer, for
soil improvement and remediation, it gets to thetured environment. Chemical
composition of the ash produced from biomass, éalhebeavy metal content, determines
its use as a fertilizer [13].

In order to determine the environmental impact, né®ults were compared with the
limit values of these metals in the soil determiiedhe Regulation of the Minister of
Environment of 9 September 2002 on soil qualithdsads. As a result, it was found that
the wood of willow cultivated for energy purposesfield conditions contained certain
amounts of heavy metals. Concentration of thesealmén the wood depends on their
content in the habitat soil [25, 26]. The occuren€ these elements in the ash from willow
wood combustion will be an obstacle to its agrizdt use. Among trace elements, the ash
from willow wood contains more zinc and lead, whhe content of cadmium and nickel is
several times lower. At the same time this may ssgthat willow cultivation reduces the
content of heavy metals in the ecosystem [27, 28].

Based on the results, it can be concluded thatvitew biomass as an energy fuel
provides raw material for sustainable energy priddoc However, the content of heavy
metals in the wood causes that ash obtained inctimebustion process repollutes the
environment. The willow biomass can be used eitd®l primary fuel generated in the
combustion process, or secondary dree biomethanol. Ash content obtained from a single
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ton of willow biomass is about 1% of the burnt bass, while during combustion
of low-grade coal it is as high as 20%. The usevitlbw as a heat source reduces the
problem of ash storage and disposal.

Due to the above mentioned characteristics confirimge studies, willow species can
be used to remove heavy metals, toxic and othepoands from the soil by incorporating
them into the biomass. Willow roots capture moentB0% of the pollutants [11, 12].

The use of energy willow is very beneficial fromethpoint of view of environmental
protection, the use of fallow land, management efrdded land and reclamation of
contaminated sites. These advantages cause thatthimaterial will be a response to the
future demand for fuel for the Polish agricultuppwer engineering and business which
makes its cultivation very promising [26-28].

To sum up, the development of energy willow culima may contribute to
a significant reduction of the content of heavy a®etin soil, obtaining a new and
renewable energy source and creation of new jolthénregions with particular risk of
unemployment. In light of the above, empirical eshes on the applicability of energy
willow and its effect on the environment are ofaallimportance.
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