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Abstract

The article describes the results of experimental studies on the production of alternative solid fuels from coffee
production waste - coffee production waste and barley bran. Briquetted samples of solid fuels with 0 : 100, 25 : 75,
50:50 and 75: 25 % wt. of coffee production waste and barley bran, respectively, were made. The influence of the
content of the initial components on the main parameters of the created solid fuel briquettes was researched. It was
determined that the higher calorific value of the obtained samples is in the range of ~17329+22147 kJ/kg, and their
ash content is 0.6+2.45 % by weight. It is shown that with an increase in the content of coffee production waste in
solid fuel samples, the calorific value increases and at the same time the ash content of the samples decreases. The
creation of composite solid fuel briquettes makes it possible to use coffee production waste more rationally and
regulate the main indicators of solid fuel to meet existing standards by means of the content of the components of the
initial mixture.
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BUKOPUCTAHHA AYMIHHUX BUCIBOK Y CTBOPEHHI AJIbTEPHATHUBHOTI'O
TBEPJOI'O ITAJIMBA 3 BIAX0/JAIB KABOBOI'O BUPOBHULITBA
Onekcangp C. IBamyk, Bonogumup M. AtamaHwok, Poman A. YmkoBuy, BaagucaaBa A. MaHacTUpPChKa,

Ipuna B. Cobeuko
HayioHaabHull yHigepcumem «/Ivgigcbka nosimexHika», 8ya. bandepu, 12, /lvegis, 79013, Ykpaina

AHoTaliga

CTaTTs MiCTUTB pe3y/IbTaTH eKCllepMMeHTa/JIbHUX A0C/IiA)KeHb BUTOTOBJIEHHs a/IbTEPHATUBHOrO0 TBEP/J0ro najMBa
3 BiZIX0/1iB BUPOOGHHMITBA KaBU - KABOBOT'0 1IIJIaMy Ta BUCIBOK 3epeH siuMeH10. CTBOpeHO 6pMKeTOBaHi B3ipLi TBepAoro
naauBa y ckiaaai 0:100, 25:75, 50:50, 75:25 % mMac. KaBoBOro nuiamMy Ta A4YMiHHUX BUCIBOK BiJNoOBigHO.
JlociigyKeHo BIUIMB BMiCTy BUXiJHUX KOMIOHEHTiB Ha OCHOBHi mapaMeTpH CTBOPE€HHUX TBEPAONA/JIMBHUX OPHUKeT.
Bu3Ha4yeHo, 10 BHILA TENJIOTBOPHA 3JaTHICTh OTPUMAHMX B3ipLiiB 3HAX0AUTBCA B MexkKax ~17329+22147 k/Ixk/kr, a
iX 30/1bHICTB - 0.6+2.45 % Mac. [Ioka3aHo, 110 i3 36i/IbIIEeHHAM BMiCTy KaBOBOI0 LI/IaMy Y TBep/JONa/JIMBHUX B3ipuax
BiAOyBa€ThCA MNMiABUIEHHS NMOKAa3HMKIB TeIJIOTBOPHOI 3JaTHOCTI Ta BOAHOYAC 3HMKYETbCA 30JIBHICTH B3ipuLiB.
CTBOpeHHS KOMIO3MLiHHMX TBEepAONaJTUBHUX OPHKETIB J03B0OJIAE 6i/bII palioHAa/IbHO BUKOPUCTOBYBAaTH Biaxoau
KaBOBOI0 BUPOGHUIITBA Ta PeryjlBaTHU 3a JONOMOI0l BMiCTy KOMNOHEHTIB BUXiIAHOI CyMilli 0OCHOBHiI NOKa3HUKU
TBepAOro najusa AJis BiANOBIAHOCTI A0 iCHyI0YMX CTaHapTiB.

Kaiouosi cnosa: 6iomaca, Biixoju KaBOBUX BUPOGHUIITB, KABOBUH LIIaM, SYMiHHI BUCIBKH, BTOPMHHA POCJVMHHA CHPOBHHA,
TBep/ie NaJINBO, GPUKETH.

*Corresponding author: e-mail address: oleksandr.s.ivashchuk@Ipnu.ua
© 2023 Oles Honchar Dnipro National University;
doi: 10.15421/jchemtech.v31i2.274932


http://chemistry.dnu.dp.ua/

319

Journal of Chemistry and Technologies, 2023, 31(2), 318-324

Introduction

Rational environmental management requires
the reuse of industrial waste of plant origin [1],
which accumulates in large quantities at food
processing factories. Such waste includes alcohol
distillery stillage [2], brewer’s spent grain [3],
coffee production waste [4], and others. Large
volumes of secondary raw materials of plant
origin cannot be reused due to their high residual
moisture content (= 60 % wt.) [5], which leads to
rapid product spoilage and makes it impossible to
store and use them for a long time. Therefore,
there is a need for a step of partial or complete
drying [6-9].

One of the newest methods of reusing
secondary biomass from food production is the
creation of alternative solid fuels [10; 11]. The
obtained samples are characterized by a higher
calorific value compared to common plant analogs
used for this purpose, such as miscanthus, energy
willow, switchgrass [12] or crop waste (corn,
sunflower) [13].

A previous paper [4] researched the process of
solid fuel formation using coffee production
waste, which is a mixture of spent coffee grounds,
barley, and chicory waste obtained on the
production line of |V “Galka LTD” (Lviv, Ukraine).

Another waste product of this production line
is barley bran. This product can be reused in small
quantities as a food ingredient in bakery products
such as cookies, cakes and snack foods [14-17].
Also, B-glucan can be obtained from barley bran by
extraction process [18-21]. The above-mentioned
ways of the possible use of barley bran require
small amounts of it, which leads to the
accumulation of large volumes of this plant waste.

Since there is information on the formation of
solid fuels from spent coffee grounds with the
addition of other organic materials [22; 23], it was
advisable to investigate the possibility of creating
an alternative solid fuel from barley bran and its
mixture with coffee production waste and
determining the main parameters of the resulting
solid fuel.

Experimental part

The research was carried out using coffee
production waste, which was a mixture of spent
coffee grounds, barley, and chicory waste [4],
previously dried in a laboratory experimental
installation [24] by filtration drying, obtained on
the production line of "Galka LTD" (Lviv, Ukraine).

The barley bran did not require preliminary
drying.

The influence of barley bran content on the
calorific value of the formed solid fuel samples
were studied, for which the initial mixture of
different percentage composition was used. The
initial mixtures contained 0: 100, 25: 75, 50: 50
and 75 : 25 % wt. of coffee production waste and
barley bran, respectively.

The experimental mixtures of plant materials
were pressed on a P474A press at an operating
temperature of 150 °C, a pressure of 100 kgf/cm?,
and a duration of 60 s. As a result, samples of
alternative solid fuel were obtained, which were
analyzed for the highest calorific value by the
combustion calorimetry method, as well as for ash
content and moisture content in accordance with
the methods of the State Standards of Ukraine [2].

Results and their discussion

Experimental mixtures for the formation of
solid fuel samples were prepared from dried
coffee production waste with a moisture content
of ~5.52 % wt. and barley bran (Fig. 1) with a
moisture content of ~6.8 % wt.

The initial raw materials and the obtained solid
fuel samples were studied by the calorimetric
combustion method to determine their main
parameters - calorific value, ash content, and
moisture content. Taking into account the
heterogeneity of the secondary raw materials of
plant origin, both individual and briquette
mixtures, three parallel experiments were
conducted to determine the average value of the
research object parameters.

A previous study of unformed raw material
(Fig. 1) showed the prospects for further research
(Table 1).

Table 1

The higher calorific value and ash content of the individual components of the mixture

Calorific value, k] /kg

Ash content, % wt.

Dried coffee production
waste

Barley bran

~ 16587

%~ 21583 <1

1.5+2.1

Table 1 shows the higher calorific value and ash content of individual components of the mixture in

the unformed state [4].
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Fig. 1. Barley bran.

The obtained experimental higher calorific values of the research objects and analogs are given in

Table 2 [2-4; 25].

Table 2
The higher calorific value of the research materials and their analogs

. Dried coffee . . Dried corn
Raw materials . Dried brewer's alcohol . .

P production ) o Energy willow Miscanthus Barley bran
of plant origin spent grain distillery

waste .
stillage

Calorificvalue, 5583 ~ 20005 ~ 19545 ~ 17600 ~ 17500 ~ 16587

k] /kg

The experimental mixtures of plant materials
containing 0:100, 25:75, 50:50 and 75:25 %
wt. (Samples 1-4, Fig. 2) of coffee production
waste and barley bran, respectively, were pressed
according to the parameters specified in the
previous chapter, and briquette solid fuel samples
were obtained. As in the case of unformed
materials, the average values of the highest

calorific value were determined and given in
Table 3, along with the related values of
calorimetric combustion [2]. The parameters of
briquette coffee production waste (100 : 0 % wt.
of coffee production waste and barley bran,
respectively) were studied in previous work [4]
and are presented for comparison in Table 3 as
Sample 5.
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Fig. 2. Briquetted solid fuel samples with different ratios of coffee production waste to barley bran, % wt.:
a) 0:100 (Sample 1); b) 25:75 (Sample 2); c¢) 50:50 (Sample 3); d) 75:25 (Sample 4).

Table 3

Results of experimental determination of the highest calorific value based on combustion calorimetry of solid fuel
briquettes from a mixture of coffee production waste and barley bran

Test No. m,g AT,V Qampoule, | Qebread, qHNos, Gsoot e
J J J KkJ/kg kcal/kg

Sample 1 (0:100 % wt.)
1 1.30687 2.17990 - 75.7 29.5 187.0 17323 4141
2 1.23544 2.06273 - 83.0 23.6 134.5 17300 4135
3 1.09276 1.83106 - 70.2 29.5 126.3 17364 4151
The average value: 17329 4142

Sample 2 (25:75 % wt.)
1 0.82763 1.51861 - 77.2 13.0 88.6 18985 4537
2 0.83447 1.52436 - 923 21.2 150.9 18948 4529
3 0.75582 1.37629 - 81.5 13.6 146.0 18910 4520
The average value: 18948 4529

Sample 3 (50:50 % wt.)
1 1.26270 2.40992 - 75.7 22.4 88.6 19742 4718
2 1.17389 2.19702 - 78.6 30.1 403.4 19618 4689
3 1.24155 2.37583 - 79.3 26.6 83.6 19784 4728
The average value: 19715 4712

Sample 4 (75:25 % wt.)
1 1.24984 2.51940 - 87.6 16.5 116.4 20869 4988
2 1.04331 2.13867 - 86.0 21.2 170.6 21273 5084
3 1.30198 2.53209 - 92.1 23.6 137.8 20142 4814
The average value: 20761 4962

Sample 5 (100:0 % wt.)
1 1.24682 2.66923 - 79.3 24.5 97.6 22148 5294
2 1.56269 3.35161 - 89.6 23.6 65.1 22163 5297
3 1.30903 2.80358 - 86.9 18.6 64.8 22131 5289
The average value: 22147 5293

Table 3 shows an increase in the higher

calorific value of the obtained samples with an value.
increase in the content of coffee production waste,

which is absolutely fair due to its higher calorific
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The obtained experimental values of
calorimetric combustion are presented in the form
of a graphical dependence of the influence of the
mixture composition on the value of the higher
calorific value and ash content of the obtained
samples (Fig. 3). The results are presented for a
two-component mixture whose composition
varies along the abscissa axis (Fig. 3).

In Fig. 3, a clear dependence of the change in
the average value of the higher calorific value of
the formed solid fuel samples on the initial
mixture composition is observed. The deviation of
the experimental points from the averaging line
(Fig. 3) is explained by the heterogeneity of
biomass, both the individual components and
their mixtures. Theoretically, by using the

obtained dependence, it is possible to determine
the optimal composition of the initial mixture to
produce briquettes for which the calorific value
will correspond to the standards for solid fuels
[26]. The obtained experimental data are close to
the Swedish standard SS 187120, according to
which the main parameters of biofuels are within
the following  limits: calorific value
(> 4039 kcal/kg), ash content (< 1.5 %), residual
moisture (<10 %) [27]. The indicators of the
German standard DIN 51731 (calorific value
(3705+4661 kcal/kg), ash content (< 1.5 %),
residual moisture (<12 %)) can be reached by
additionally adjusting the initial moisture content
of the initial mixture, in accordance with the
preliminary conclusions in work [3].

barley bran
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25 0
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22000

e

21000

I/kg

4 20000

Q.k

19000

Ash content, % wit.

/

18000 /
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0 25

50

75 100

coffee production waste

W, % wit.
Fig. 3. Graphical dependence of the effect of the component mixture composition on the averaged values of the
higher calorific value (- black line) and ash content (- red line) of solid fuel briquettes from coffee production waste
and barley bran.

The results of determining the ash content of
the obtained experimental solid fuel samples are
given in Table 4 and compared with this value for

the formed coffee production waste obtained in
our previous work [4]. The residual moisture
content for all samples is < 1% wt.

Table 4

The average ash content of solid fuel samples obtained from a two-component mixture of coffee production waste
and barley bran

Test samples of solid fuel

Ash content, % wt.

Sample 1 (0:100 % wt.)
Sample 2 (25:75 % wt.)
Sample 3 (50: 50 % wt.)
Sample 4 (75 : 25 % wt.)
Sample 5 (100 : 0 % wt.)

x~ 2.45
~2.2
~ 1.88
~1.14
% 0.6
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The data show that with an increase in the
content of coffee production waste in the test
sample of solid fuel, its ash content decreases
(Table 4, Fig. 3). However, it should be noted that
the averaged values of several measurements are
given, as in the case of higher calorific value
studies. The ash content indicators are not stable,
which is due to the heterogeneity of the
composition of the initial biomass.

We will also note that, as in the case of alcohol
distillery stillage [2] and brewer's spent grain [3],
the nature of which is similar to the materials
under studying, a great advantage of using these
components for briquettes obtaining is that no
additional binders are required, as is usually
necessary for the solid fuel formation process
[10; 28].

Conclusions

As a result of the experimental studies,
briquette solid fuel samples were obtained in the
composition of 0:100, 25:75, 50:50 and
75:25% wt. of coffee production waste and
barley bran, respectively. The influence of the
initial component content on the main parameters
of the produced solid fuel briquettes was studied.
It was determined that the higher calorific value of
the obtained samples is in the range of
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