OCHOBAHUS U TIIATEJILHOTO aHAIIM3a HE IAeT CYIIECTBEHHOTO MOBBIIICHUS TTOCEBHBIX KA4€CTB CEMSIH U YBEIMYCHHS TIPO-
JYKTUBHOCTH KYJIBTYPHBIX PACTCHUIA.

[puposioii M3HAYATBHO CO3/IaHbI COBEPILIEHHBIE CIIOCOOBI COXPAHEHHUS CBOETO ITOTOMCTBA — IOCEBHOM MaTepHal X0-
POIIIO 3aIMUINEH OT BHEITHUX BO3/ICHCTBUI. Peakiys reHoTHIIa Ha MPEIIIOCEBHY0 00pab0TKy B 3aBUCHMOCTHU OT YPOBHS
BO3JICHCTBUSL MOKET OBITh Pa3HOOOPa3HOM. B KpUTHYECKHUX YCIIOBHSX CEMCHHOM Marepuan MOXKET MOrHOHyTh. B oT1-
JACJIBHBIX ClIydasax MOIr'yT HpOHSOﬁTPI U3MEHEHUs T€HETUYECKOM HaCJICACTBCHHOCTH U CO3JaHHUEC HOBBIX pa3HOBI/II[HOCTeI71
pactennii. CmaOble BO3JCHCTBUS MIPUBOAAT K K3MEHEHHIO PabOThI CHCTEM KH3HEOOESCTICUCHHSI CEMSH U, B 3aBUCHUMOCTH
OT HAIPABICHHOCTH BHEIIHUX BO3/ICHCTBHUI 1 BHYTPEHHETO COCTOSIHHS CEMSIH, IPUBECTH K MOBBIIICHHIO HJIH CHIDKSHHUIO
YKM3HEHHOTO TIOTEHIIMAIA TIPOPACTAIOIIUX pacTeHuil. [1000H0e B3aUMOICHCTBHE ONPEIeIISIeTCs] OOBIINM KOJIHYECTBOM
(hakTOpOB M Ha JAHHOM YPOBHE Pa3BHUTHs HAyKH €ro MPAKTUYCCKA HEBO3MOXKHO CIIPOTHO3UPOBaTh. Helb3st ¢ yBepeH-
HOCTBIO YTBEPXKJIaTh, YTO KAKOC-THOO BO3JCHCTBHE MPUBOJMT K TOBBIIICHUIO KayeCcTBa MMOCCBHOTO Marepualia M JaeT
TrapaHTUPOBAHHOE yBEIHUYCHHUE ypokaifHOCTH. CHIKEHHE NMPOAYKTUBHOCTH KYNBTYPHBIX PAaCTEHHH OT MPEIoCeBHOMN
00pabOTKH TaK)Ke BIIOJIHE BO3MOXKHO.

C npakTUYeCcKOd TOYKH 3pEHHsI HEOOXOAMMO TOYHO MOHUMATh, KOTJA U MPH KaKKX YCIOBHUSX OT MPEANOCEBHON
00pabOTKK MOXKHO MOJNYYHTh YBEIHUCHUE YPOKAHHOCTH, KaKUe OOIIHe 3aKOHOMEPHOCTH TPEIOIPEICIISIOT PEAKIHIO
CEMCHHU Ha BHEIIHUC BO3ACHCTBHSL. 1 TOIBKO HA OCHOBAHHH 3TOTO CO3JaBaTh Hauboiee 3QPEeKTUBHBIC MPUEMBI TIPE]I-
MTOCCBHOM 00pabOTKH CEMSIH.
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Power generation depends to a great extent on the use of fossil fuels (lignite) in the Republic of Serbia. During
the previous years, inadequate decisions on the development of energy and the operation of coal mines and thermal
power plants led to a significant reduction in the power generation in coal-fired thermal power plants, and thus to the need
to import part of the electricity. On its green road “Go Green Road” that leads to decarburization, the Republic of Serbia
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intends to significantly increase the use of renewable energy resources, which would compensate for the shortfall in the
base portion of the daily load diagram, which threatens to be the greatest possible in the future. Due to economic reasons,
the introduction of innovations is only acceptable to energy producers if it does not deviate significantly from mainstream
technology, that is, if it is not necessary to invest too much in the reconstruction of already existing energy production
facilities. The objective of this paper is to present the biomass energy potential of various willow clones that would be
combusted, according to different percentage ratios, in a mixture of different coal samples taken from the Mining Basin
Kolubara in the Public Enterprise “Electric Power Industry of Serbia”. White willow clone NS 73/6 (Salix alba) had the
highest energy potential compared with other tested willow clones. From an economical point of view, it is more reason-
able to select 5 % of the Salix alba NS 73/6 clone biomass, in the co-combustion process with lignite.

The paper is based on the principles of the circular economy, which would connect science and the economy
by implementing scientific and research findings into the economy, all aimed at protecting and preserving the
environment. By applying “green” technologies to the economy, the issue of protecting the environment can be
solved through simultaneous revenue generation for economic entities.

B Pecnyonuke CepOust BBIpaOOTKA SHEPTUH 3aBUCHT B 3HAYUTEIILHOMN CTCIIEHH OT MCIIOIb30BaHKSI HCKOTIAeMO-
r0 ToTuIMBa (Oyporo yris). B TedeHne npeapAyIux JeT, He0O{yMaHHbIe PEIICHHS TI0 Pa3BUTHIO YHEPTETUKH, pado-
T€ YTONBHBIX MAXT U TEIDIOAICKTPOCTAHIINN MTPUBENHN K 3HAYUTEIIFHOMY CHIDKSHHIO BBIPAOOTKH 3JIEKTPOIHEPTUH Ha
YTOJBHBIX TEIUIOAIEKTPOCTAHIISIX. TakuM 00pa3oM, MOSBUIACH TOTPEOHOCTh B IMIIOPTE YaCTH AIICKTPOIHEPTHH.
Coracuo npoexty “Go Green Road”, koTopslii HateneH Ha obe3ymiepoxuBanne, Pecryonika CepOust HamepeHa
3HAYUTEIIHLHO YBEIUYUTh UCIIOIE30BAHNE HCTOYHHUKOB BO30OHOBIISIEMON SHEPIHH, KOTOPBIC MOTYT KOMIICHCHPOBATh
HemoOOp YacTh CYTOUHOW HArpy3KH, YTO MOXKET CTaTh BO3MOXKHBIM B OyaymieM. [0 SKOHOMHUYCCKUM MPHYUHAM
BHEJIPEHHE MHHOBAITMH NPHEMIIEMO JUTS IPOU3BOAUTEINCH SHEPTHH TOJIBKO B TOM CIydae, €CIId OHU He CHJIBHO OT-
KJIIOHSIFOTCS OT OCHOBHBIX TEXHOJIOTHH, TO €CTh, €CIIM HE HY)KHO CIUIIKOM MHOTO BKJIQJBIBATH B PEKOHCTPYKIIUIO
yKe CYIICCTBYIOIINX OOBEKTOB TIO MPOHM3BOACTBY dHEPTUH. Llenb MaHHOW CcTaTbh MpPEACTaBUTH YHEPTETHUYCCKUHA
TTOTEHIIAAT OMOMACCHI Pa3JINYHBIX KIIOHOB UBOBBIX JUISI CTOPAHUS, COTIACHO MIPOIIEHTHOMY COOTHOIIICHHUIO, B CMECH
pa3MYHBIX 00Pa3LOB YIS B3SATHIX U3 maxT OacceiiHa KomyOapa rocynapcTBEHHOTO MPEANPHATHS “DICKTPOIHEP-
retuka Cepoun”. Kion Oenoit uBsl NS 73/6 (Salix alba) mokaszain caMblii BEICOKHI SHEPTETUICCKHUNA TOTCHITHAI TI0
CPaBHEHHUIO C IPYTUMH TECTUPYEMBIMHU KJIOHAMU UBBL. C AIKOHOMHYECKOW TOYKH 3peHus, Oojiee pe30HHO BHIOpATh
5 % 6nomaccs! knoHa Salix alba NS 73/6 npu nnponiecce cxuranust ¢ OypbIM yIiIeM.

Jannas pabota OCHOBaHA Ha MPUHITUIIAX KPYTOBOI YKOHOMUKH, KOTOpasi O0BEIUHSICT HayKy U SKOHOMHUKY ITy-
TEM BHEAPCHUS HAYYHO-HCCIICIOBATEILCKIX Pa3padOTOK B XO3SICTBE, BCE 3TO HAIICICHO HA 3aIUTy U COXPAHCHUE
okpy>xatoieit cpenpl. [Ipumensist “3eneHble” TEXHOIOTMU B X03HCTBE, BOIPOC 3aIIUTHI OKPYKAIOIIEH CPeabl MOXK-
HO PEIIUTh OMHOBPEMEHHO C MPHOOPETCHNUEM BBITOJIBI JJ1s1 XO3IHCTBEHHBIX CYOBEKTOB.

Keywords: Biomass, energy potential, plants, willows, soil, sustainable development.
Kriouegvie croea.: Guomacca, 3HepreTHIeCKHil OTEHILMAN, PACTEHNU, UBBI, I04BA, YCTOWYMBOE Pa3BUTHE.
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Introduction. The Public Enterprise “Electric Power Industry of Serbia”, with the support of the Government of
the Republic of Serbia, has embarked on the path of decarburization, the «Go green road», and the use of biomass that
would be used in co-combustion processes with lignite would benefit both PE EPS and environmental protection and
preservation. The energy community treats biomass as carbon neutral, so if biomass and lignite were co-combusted to
obtain energy, the amount of calculated CO, would be reduced, i.e. less payment of carbon taxes which will be present in
the future because the co-combustion of biomass and coal contributes to the reduction of greenhouse gases.

Willows are characterized by a large number of species of various life forms, and usually, it is a tree, and they can
be extremely tall up to 15 meters and up to 1 meter in diameter, although they can also look like a bush or a plant on the
ground [1]. They grow mainly on flood plains, in river valleys, generally along rivers, or on marshy land.

The multiple benefits of reclamation would be achieved if energy plantings were created in this region using, at the
same time, the given area would continue to “earn” through the production of biomass that would be used for power gen-
eration. These fast-growing woody plants, which are managed according to the principle of short treatment, have several
characteristics suitable for the phytoremediation process, and among the most important are as follows: a strongly devel-
oped and branched root system, high biomass productivity, high intensity of transpiration, as well as genetic variability.
These plantings are established from genetically improved clonal material, with a planting density of ~15000 plants/ha.

Biomass obtained from willows as a short rotation coppice (SRC) has an enviable energy potential because the heat-
ing value of willows can even reach 19 MJ/kg. Biomass obtained from willows, compared to coal, has almost no sulphur,
contains lower amounts of ash and trace metals, and depending on the combustion regime and equipment, can result in
lower NO, emissions. Rodzkin et al. (2016) point out that clones of Salix alba and Salix dasyclados species, as well as
Salix aurita and Salix dasyclados hybrids, are good candidates for biomass production on degraded lands [2].

Material and method of work. It is necessary to apply the appropriate scientific and research methodology to im-
plement the planned research and fulfil the set goals.
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In this paper, 4 willow genotypes were investigated: one clone of “basket willow” - Salix viminalis and three clones (clone
B-44, clone 347, and clone NS 73/6) of white willow — Salix alba. The plant material of the clones used comes from the nursery
in the nursery-garden of War Island in Ka¢, which belongs to PC*““Vojvodina Forests“, SG™ “Novi Sad*, SU™ “Ka¢*.

All the cuttings used for the research were approximately the same thickness and length. In 2019, a total of 1440 cut-
tings, 360 cuttings per clone, were planted in the bed of the Faculty of Forestry of the University of Belgrade.

After 3 years of cultivation, the willows were cut from the bed of the Faculty of Forestry of the University of Bel-
grade and transported to a warehouse where they were dried naturally for 2 months. After that, they are crushed and then
ground in coal mills in the accredited laboratory for coal analysis in the MB Kolubara, Processing Plant, PE EPS.

The heating values of the mixture of 3 lignite samples with 4 willow clones were determined, in different propor-
tions: 5%, 10%, 15% and 20% of the biomass. The first and second lignite samples were taken from two localities in the
eastern part of the MB Kolubara and represent mixed samples from Field B/C and Field E. The third coal sample was
taken from the western part of the Kolubara basin, at the Crushing Plant-Kaleni¢ loading point, and represents mixed coal
from Tamnava West Field and Field G. All three samples were blended into one representative.

The obtained data were processed using statistical methods, namely, numerical data were obtained by measuring the
calorific value of three samples of coal and the biomass of four genotypes (clones), as well as by calculating the differenc-
es between the heating value of coal and the mixture of coal with the biomass of four genotypes (clones) of willow and
were processed with descriptive and univariate statistical methods.

Descriptive statistics included the determination of the following parameters: sample size (N), mean value (X),
minimum value (MIN), maximum value (MAX), standard deviation (£SD) and coefficient of variation (CV, %). Using
the analysis of variance (ANOVA), as well as the post-hoc Fisher test of at least significant difference (LSD), differences
between the caloric values of the examined coal samples and the biomass of the willow genotypes were tested. Analyses
were preceded by data normality testing.

Statistical analyses were performed in the computer program Statgraphics Centurion v. XVLI. (2009; Statpoint
Technologies, Inc., Warrenton, VA).

The analyses were made in the laboratory of the Processing Plant, MB Kolubara, PE EPS, on the calorimeter IKA 5003.

Results and discussion. Table 1 presents the statistical results of the heating values of all four analysed willow
genotypes that were only air-dried.

The biomass of clone 1 (Salix viminalis) had the lowest mean caloric value, which was 17966.30 kJ/kg. In second place in
terms of caloric value was clone 2 (Salix alba B-44) with a value of 18046.3 kl/kg, followed by clone 3 (Salix alba 347) with
18237.6 kJ/kg. Clone 4 (Salix alba NS 73/6) is the clone with the highest average caloric value, which was 18246.8 kJ/kg. Miti¢
(2018) points out willows as the species that has found the greatest application in the economy precisely because of its wide
ecological valence (resistance to extreme habitat conditions), with an average caloric value of 19300 kJ/kg of dry biomass [3].

In Table 1 it can be found that the minimum value was measured for clone 1 - (Salix vininalis), which was
17952.0 kJ/kg, while the maximum value had clones 3 (Salix alba - clone 347) and clone 4 (Salix alba — clone NS 73/6),
each per 18274.0 kJ/kg. For the caloric value of the biomass of the studied genotypes, low values of the coefficient of
variation were established (0.08-0.11%). According to the results of the analysis of variance (ANOVA), the mean values
determined for the caloric value of the biomass of the four willow genotypes are statistically significantly different from
each other (p = 0.0000). Based on this, it can be concluded that the caloric value of willow biomass depends on the geno-
type and that clones 3 and 4 are characterized by the highest energy potential, and clone 1 the lowest. Kijo-Kleczkowska
et al. (2016) point out that the caloric value of willow Salix viminalis is 16824 kJ/kg [4], while Karampinis et al. (2011)
point out that the calorific value of willow without drying is on a “dry basis” 18410 kJ/kg [5].

Table 1
Analysis of variance for the caloric value (kJ/kg) of willow genotypes biomass
Genotype |y 'y X MIN | MAX SD Cv, % F p
(clone)
1.Salix 9 | 17966.30 ¢ 17952.0 | 17983.0 13.54 0.08
viminalis 18124.3 579,79
2. Salix alba 9 18046.30 b 18028.0 | 18062.0 14.86 0.08
B-44
0.0000
3. Salix alba 9 | 18237.60 a 18209.0 | 18274.0 20.35 0.11
347
4. Salix alba 9 | 18246.80 a 18209.0 | 18274.0 20.00 0.11
NS 73/6

Note: Mean values with various letter designations within a column are statistically significantly different from each other at the 95%
confidence level.

* PC — Public Company
** Forestry
*** Forest Administration
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Based on the differences in the calorific value of coal and the mixture of coal and biomass of four willow clones (in
the share of 5%, 10%, 15% and 20%), an overview of the results on the possibility of improving the calorific value of the
tested coal with biomass is presented.

Table 2 provides the statistical results on the differences between the caloric value of various mixtures of coal and
willow biomass according to the genotype (clone) and biomass share.

Table 2
Analysis of variance for differences in the calorific value (kJ/kg) of coal and coal mixture
with willow biomass according to genotype and biomass share
Clone, %
of biomass | N X X MIN MAX SD CV, % F p
and coal

I Salix 9 440.22 f 175.0 647.0 169.39 38.48
viminalis
-5%
1 Salix 9 | 67222 [669:56 | 4880 | 899.0 145.38 21.63
viminalis bedef
-10%
I -15% 9 741.22 381.0 1167.0 302.18 40.77

abcde
I Salix 9 824.56 379.0 1119.0 321.83 39.03
viminalis abcd
-20%
11 Salix alba | 9 45422 f 335.0 571.0 70.07 15.43
B-44-
5% 672.55
Il Salix alba | 9 | 584.67 def -21.0 1059.0 443.47 75.85
B-44-10%
I Salix alba | 9 | 839.89 abc 599.0 1099.0 184.49 21.97
B-44-15%
11 Salix alba | 9 812.22 271.0 1226.0 388.32 47.81
B-44-20% abed
I Salix 9 460.78 f 393.0 599.0 66.92 14.52 354 0.0000
alba 347-
5% 686.19
I Salix 9 | 552.44 ef 303.0 783.0 178.71 32.35
alba 347-
10%
1 Salix 9 804.22 569.0 1027.0 173.36 21.56
alba 3477- abed
15%
11 347-20% | 9 | 927.33 a 369.0 1294.0 393.76 42.46
IV Salix 9 640.89 494.0 779.0 94.61 14.76
alba NS bedef
73/6-5%
1V Salix 9 | 61156 |75036 | 4310 | 7920 | 126.65 20.71
alba NS cdef
73/6-10%
IV Salix 9 | 864.89 ab 341.0 1187.0 351.86 40.68
alba NS
73/6-15%
IV Salix 9 | 884.11 ab 449.0 1206.0 308.11 34.85
alba NS
73/6-20%

Note: Mean values with various letter designations within a column are statistically significantly different from each other at the 95%
confidence level.
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The mean values representing the differences in the calorific value of coal and the mixture of coal with willow
biomass ranged from 440.22 kJ/kg (clone 1 with a biomass share of 5%) to 927.33 kJ/kg (clone 3 with a biomass share
of 20 %) depending on the tested genotype (clone) and biomass share. The minimum value was recorded for the dif-
ference between the calorific value of coal and the coal mixture with 10% biomass of clone 2 and was -21.0 kJ/kg, and
the maximum - for the difference between the calorific value of coal and the coal mixture with 20% biomass of clone 3
(1294.0 kJ/kg). Mean (10-20%), high (20-40%) or very high (>40%) values of the coefficient of variation were found for
the calorific value of the differences between the coal and the examined mixtures of coal with biomass. According to the
results of the analysis of variance (ANOVA), the mean values determined for the differences between the calorific values
of coal and the mixture of coal and biomass of four willow genotypes are statistically significantly different from each
other (p = 0.0000). Based on the values of the arithmetic means of the means (X) we can conclude that the energetically
most promising is clone 4 (Salix alba NS 73/6), and the least promising is clone 1 (Salix viminalis).

Based on the obtained results, it can be concluded that the improvement of the calorific value of coal with willow
biomass depends on the proportion of biomass and genotype, so that coal mixtures with 15% or 20% of the biomass of
each clone have the highest calorific value, and coal mixtures with 5% of the biomass of clones 1, 2 or 3 — is with the
lowest caloric value. The exception is clone 4 (Salix alba — clone NS 73/6), for which it is necessary to indicate that the
addition of only 5% of the biomass of this clone results in a significantly greater improvement in the calorific value of
coal compared to the other investigated clones in the same proportion, which also indicates that clone 4 is the most en-
ergetically promising and that it is economically the most profitable to add 5% of the biomass of this clone to lignite to
improve the calorific value.

CONCLUSION
Good knowledge of the very plant species and their application in the economy represents a bridge that connects

two seemingly incompatible sides - ecology and economy. Production and application of biomass that would co-burn with
coal and improve its calorific value while simultaneously saving coal itself in the process of power generation, would
reclaim the soil, reduce ash disposal costs, reduce carbon taxes, and reduce greenhouse gas emissions. All of the above
presents the path of decarburization to protect the environment.

It can be clearly concluded from all of the above that:

1. The caloric value of the mixture of coal and biomass, in addition to depending on the type of coal, also depends
on the genotype and share of willow mass;

2. The basket willow, Salix viminalis, showed the lowest caloric potential compared to the white willow (Salix alba)
genotypes examined,

3. Clone NS 73/6 of white willow, (Salix alba), showed the highest energy potential compared to other clones;

4. Although the results show that the calorific value of the mixture of coal and biomass increases with an increase
in the biomass share, from an economic point of view, it is most convenient to choose 5% biomass of clone 4 (Salix alba,
NS 73/6) for co-combustion processes with lignite.
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