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Abstract

The article presents the experimental studies results of solid fuel production from fruits of common oak (Quercus
robur). The calorific value, ash content, and moisture content of the initial plant material and the briquetted solid
fuel samples were studied. The value of the highest calorific value for unformed raw materials is ~18163 k] /kg, and
for briquettes ~17428 k] /kg. The data obtained indicate the prospects of using the common oak (Quercus robur)
acorns as a raw material for the production of alternative solid fuels. The value of ash content for unformed raw
material is ~0.93 % wt,, and for briquettes ~1.22 % wt. The moisture content of all obtained briquetted samples was
<1% wt. The data obtained indicate the prospects of using acorns of Quercus robur as a raw material to produce
alternative solid fuels, since the parameters are close to existing European standards. The use of alternative solid
fuel from acorns can improve the environmental situation by replacing traditional fuel resources and may be one of
the ways to rationally use renewable natural raw materials.
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JOCHIA)KEHHA BUKOPUCTAHHA X)KOJIYAIB AYBY 3BUYAVHOTO A4
BUT'OTOBJIEHHA AJIbTEPHATUBHOI'O TBEPAOTI'O ITIAJIMBA
Ounekcangp C. IBamyk, Bosiogumup M. AtamaHwok, Poman A. YnxkoBuy,

BaaaucnaBa A. Ma"acTupcbka, Cepriil A. bapa6ax, [puna b. Cobeuko
HayionanvHuii ynisepcumem “/lvgigcvka nosnimextika”, eya. bandepu 12, Jlvsis, 79013, Ykpaina

AHoTarist

Y cTaTTi mojgaHo pe3yabTaTH AOCAiAKEHHS OAep)KaHHA a/bTepPHAaTUBHOrO TBeEpJOro mnajuBa i3 miojiB ay6y
3Bu4aiiHoro (Quercus robur). JlocnifKeHO TENJIOTBOPHI XapaKTepPHUCTHKH, 30JIbHICTb Ta 3a/JIMLIIKOBY BOJIOTiCTh
BUXiJHOI POC/IMHHOI CHMPOBHHHU Ta CTBOPEHHUX OpPHMKETOBAHUX 3pPa3KiB TBepAOro najauBa. 3HAYeHHHA BHUILOI
TeIlJIOTBOPHOI 34aTHOCTI AJ11 HechOpMOBaHOI CUPDOBUHM CTAaHOBUTHb ~18163 k/Ik/Kr, a A1 chOpMOBaHUX GPUKETIB
~17428 x/[x/kr. OTpuMaHi AaHi CBigYaTh NPO NEePCHEKTUBHICTb BUKOPHUCTAHHSA XKOJYAIB AyGy 3BHYAWHOro
(Quercus robur) Ak CMpOBUHH JJI1 BUTOTOBJI€HHA a/IbTePHAaTHBHOTO TBEPAOro NajuBa. 3HA4YeHHA 30JIbHOCTI AJI
HecpopMOBaHOI CHPOBMHM CTaHOBUTH ~0.93 % Mmac., a A1 cdpopMoBaHUX GpUKeTiB ~1.22 % mac. BmicT Bosioru B
yciX OoTpUMaHMX OGPHUKETOBaHMX 3pasKaX CTaHOBMB <1% mac. OTpuMaHi AaHi cBigYaTh NpoO NepcHeKTHUBHICTh
BUKOPHUCTAHHA XOJYAIB Quercus robur ik CUpOBMHM JJid BUTOTOBJIEHHS a/JbTepPHAaTUBHOrO TBEPJOro najuBa,
OCKi/IbKM IOKa3HUKH GJIM3bKi [0 iCHYI0UMX €BpONENCbKUX CTAaHAAPTIB. BUKOpHCTaHHA a/IbTEPHAaTUBHOIO TBEPAOTO
naJiMBa i3 »KoJ1yJiB MOXKe A03BOJIMTH NMOKPAIUMTH €KOJIOTiYHY CUTyaLlil0 HIJISIXOM 3aMiHM TPaAULiHHUX NMaJMBHHUX
pecypciB Ta MoXe GyTH OAHMM i3 CIOCOGiB panlioHa/ILHOTO BUKOPUCTaHHS BiJHOBJIIOBAaHOI NPUPOAHOI CUPOBHHH.
Kaiouosi cnoea: 6ioMaca; aJibTepHAaTHBHE TBep/ie NaJIMBO; GPUKETH; KOJIYAL; Ly6 3BUYalHUM; Quercus robur.
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Introduction

The current deterioration of the ecological
situation and the state of the environment
requires a search for a rational replacement for
traditional natural resources. Among the
forefronts of this exploration is the repurposing
of plant materials, offering promising avenues for
sustainability. Harnessing previously overlooked
renewable resources often requires minimal
additional investment or intervention, leveraging
the unique geographical characteristics of local
ecosystems.

For example, the common oak (or the
pedunculate oak, the European oak; the binomial
name — Quercus robur) plays a pivotal role in the
formation of the forest cover of deciduous forests
in Ukraine. Oak plantations cover 46%
(approximately, 284000 hectares) of the total
forest area in the northeastern region [1].
According to [2; 3], in 2020, the total number of
acorns was 9900+19000 per hectare with a total
weight of 26.8+54.1 kilograms per hectare, and in
2021-8600+17200 per hectare with a total
weight of 22.7+48.4 kilograms per hectare -
highlighting the untapped potential for
sustainable resource utilization.

At the same time, the fruits of this tree, acorns,
have significant potential for use in various areas
of economic activity, given that they can be
considered as low-cost renewable plant material.
They are classically used as animal feed, in
particular, for pigs [4]. It is also known that
acorns have significant nutritional value for
humans, as they are rich in essential fatty acids
such as linoleic and linolenic, and also contain
tocopherol [5], which helps to improve
physiological processes in the body [6].
Nonetheless, the nutrient composition of acorns
exhibits considerable variation contingent upon
oak species and geographical location.

Another potential use for acorns is in the
energy sector. They have a high potential for
biofuel production, which is a promising step
towards sustainable development and energy
independence. The oil extracted from acorns can
be used to produce biodiesel [7; 8], reducing our
dependence on traditional fuel resources and
minimizing harmful emissions. Additionally,
acorn starch can be used to produce bioethanol
[9] and Dbiobutanol [10;11], which are
environmentally friendly alternative energy
sources.

Since acorns contain a significant amount of
lignin, which is approximately 30 % by weight
[12], there is a potential to use them as a raw

material for the production of alternative solid
fuels without the use of additional binders.
Studies [12] have shown that the cork oak acorns
(Quercus suber) are an effective raw material for
this purpose. However, this study does not
provide data on the higher calorific value and ash
content of alternative solid fuels from acorns.

Considering the positive results of previous
studies of similar renewable plant materials [13],
it is reasonable to study the possibility of creating
an alternative solid fuel from acorns of the
common oak (Quercus robur), which is
widespread in Ukraine, and that was the purpose
of this study.

Experimental part

The objects of research were the common oak
acorns (Quercus robur) gathered in the park area
in Lviv, Ukraine (Fig. 1). The acorn shells and
acorn cups were initially crushed using a
laboratory electric mill and then dried in a
laboratory installation by the filtration drying
method as described in [14]. This method was
chosen considering its advantages [14] for
increasing the shelf life of raw materials and the
possibility of forming solid fuel samples [15; 16].

Fig. 1. The common oak (Quercus robur) acorns

The  briquettes were formed from
experimental mixtures using a 150°C mold
temperature, 100 kgf/cm? pressure, and 60 sec
duration on a P474A hydraulic press and based
on recommendations [17].

The combustion calorimetric method was
used to determine three main characteristics of
the studied material: residual moisture content,
ash content, and higher calorific value in
accordance with the State Standards of Ukraine
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[18-20]. Calorimetric studies to determine the
higher calorific value were performed using a
precision combustion calorimeter B-08-MA with
an isothermal shell (#0.003K) and a static
calorimetric bomb. The energy equivalent of the
calorimetric system (W=10348+10]/V) was
determined with an accuracy of #0.09 % by
burning the reference K-1 benzoic acid, the
content of the main component of which reached
99.995+0.01 % mol. The heat of combustion of
benzoic acid (A.U), taking into account the Jessup
factor, was -26434.4 | /g.

The material samples were burned in terylene
ampoules. The terylene ampoule was tied with a
cotton thread and placed in a platinum cup. The
inflammation of the sample during the
experiment was initiated by discharging
capacitors through a platinum wire, which
ignited the cotton thread. The initial pressure of
oxygen pre-purified from combustible impurities,
carbon dioxide, and water was 32 kPa, and the
initial temperature of the main period in all
experiments was 298 K. The calorific value was
determined according to formula (1) [16; 20]:

_ W-AT—qthread—ampoule=AHNO3 +dsoot 1
Q= "2 .
where W - the energy equivalent of a calorimetric

system;

m - the mass of the substance that was burned
during the experiment;

(thread, qampoule; QHNO3, {soot — the amount of energy
released during the combustion of a cotton
thread (16704.2 ]/g), a terylene ampoule
(22944.2 ]/g), the formation of a nitric acid

solution (59 J/g) and soot (32800 ]/g),
respectively;
AT - the true temperature rise in the calorimetric
experiment.

The ash content of the studied raw materials
was determined according to the requirements of

[19], and the residual moisture content was
determined according to the method of [18].

Results and their discussion

The crushed plant material of the common oak
acorns (Fig. 2) was pre-dried by the filtration
drying method from an initial moisture content of
4337 % wt. to a final moisture content of
4.48 % wt.

Fig. 2. Crushed and dried acorns of the common oak
(Quercus robur)

Considering the heterogeneity of the
composition of the crushed plant material, 3
parallel experiments were conducted to

determine the average value of the higher
calorific value and ash content of the material
under study. The measurement results are shown
in Table 1.

Table 1 shows the average values of the higher
calorific value of the dried experimental mixture
Nel and experimental mixture N2,

Table 1

Results of the experimental determination of the highest calorific value and ash content according to the calorimetry
of combustion of experimental mixtures from the
common oak acorns (Quercus robur)

T]S]Zt' m g AT,V qrh}ead, qw]vos, CIS(])ot, Gampoute, ] Q Ash C(;Ivl"cc.ent, %
k] /kg kcal/kg
1 0.75181 1.47688 153.3 2.1 58.1 1572.6 18107 4328 0.88
2 0.87114 1.70907 141.7 2.1 98.6 1772.3 18215 4353 0.94
3 0.88123 1.71231 154.4 1.2 142 1695.6 18168 4342 0.98
The average value: 18163 4341 0.93
Comparing the obtained experimental data on than the values for energy willow and

the calorimetry of combustion of prototypes of
unformed plant material, it is clear that the values
of the higher calorific value are slightly higher

miscanthus, which are widely used in the
industrial production of solid fuel briquettes from
renewable plant material [21; 22]. For
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comparison, we also present similar values for

the plant material studied earlier [13] (Table 2).

Table 2
The value of the higher calorific value of the study objects and their analogues
. Dried kernels and
. Dried kernels of .
Raw materials of Dried acorns of . the outer shell of .
. horse chestnut Energy willow Miscanthus
plant origin the common oak horse chestnut
seeds
seeds
Calorific value, ~ 18351 ~ 18163 ~ 17600 ~ 17549 ~ 17500

k] /kg

Taking into account the experimental data
obtained, acorns of the common oak (Quercus
robur) are a promising raw material for the
production of alternative solid fuels as they have
a high calorific value (18163 kJ/kg) and low ash

content (<1% wt) (Table 1). Therefore, the
research was continued - briquetted samples of
alternative solid fuels were produced and their
corresponding studies were performed.

Fig. 3. A briquetted sample of solid fuel obtained from the acorns of the common oak (Quercus robur).

The data of the results of the study of the
higher calorific value and ash content of
briquetted samples from the fruits of common

oak (Quercus robur) are given in Table 3. The
moisture content of all obtained samples was

<1 % wt.
Table 3

Results of experimental determination of the highest calorific value and ash content according to the calorimetry of
combustion of briquetted experimental mixtures samples from acorns of the common oak (Quercus robur)

Test, mg AT, v (thread, (qHNO3, (soot, {ampoule, Q' Ash content,
Ne ] | ] % wt.
k] /kg kcal/kg
1 0.98351 1.65471 116.6 1.2 104.8 - 17397 4158 1.15
1.05626 1.77734 131.1 2.4 143.8 - 17422 4164 1.25
1.68586 2.84317 82.4 3.0 109.2 - 17466 4174 1.25
The average value: 17428 4165 1.22

It's worth noting that the higher calorific value
of briquetted samples slightly decreases after
their formation. This could be due to the release
of volatile organic compounds with high calorific
value during the pressing process at a
temperature of 150 °C. Similar observations have
been made in previous studies on the use of
coffee production waste for creating alternative
solid fuels [23]. Further research and analysis of
the gases and vapors generated during the
pressing process is required to answer this
question.

The obtained data of higher calorific value, ash
content and residual moisture content fully
comply with the existing requirements of the
Swedish standard SS 187120, according to which
alternative fuels have to meet the following
characteristics: calorific value (>16910 kJ/kg),

ash content (<1.5 %), residual moisture (<10 %),
as well as to the German standard DIN 51731
(calorific wvalue (15512+19515 KkJ/kg), ash
content (<1.5 %), residual moisture (<12 %) [24].

Conclusions

The results of our research demonstrate the
potential use of acorns of the common oak
(Quercus robur) as plant material for the
production of alternative solid fuels. As a result,
we obtained ready-to-use samples with a higher
calorific value of ~17428 kJ/kg, ash content of
~1.22 % wt. and residual moisture content of
<1 % wt.

The production of alternative solid fuels from
acorns will improve the environmental situation
by replacing traditional fuel resources and may
be an option for the rational usage of renewable
natural raw materials. In addition, briquettes
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made from the acorns of the common oak
(Quercus robur) do not require any additional
binders and meet existing European standards.
An additional advantage is the low cost of the
raw material. However, there are still questions
about the usage of acorns for energy needs on an
industrial scale, as acorns are not common and
can be difficult to collect and harvest in the wild.
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