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Today, the scale of the formation and accumulation of various wastes, in particular sewage
sludge (SS) at sewage treatment plants in settlements, continues to grow. This situation leads to
the alienation of productive agricultural lands by sludge and environmental pollution, which
requires their immediate processing and disposal. One of the effective ways to process SS
can be to produce granulated biofuel from it. The paper considers the issue of utilizing SS by
producing biofuel pellets from them. For experiments on the production of pellets, samples of
sewage sludge from the treatment facilities of regional municipal production enterprise "Dnipro-
Kirovograd” in the city of Kropyvnytskyi after centrifugation with 75-80% humidity of two
types: raw sediment and excess activated sludge. The experiments were carried out according
to the developed research methodology on a specially designed laboratory press device. Due to
the high humidity of the sludge sediment samples (75-78%), before making pellets from them,
their preliminary preparation was carried out by thermal (drying) and mechanical (grinding)
treatment. From the prepared sludge sediments with a humidity of 12—15%, when compressed
to final pressures of 130.5...217.5 MPa in a press device with a vertical punch and a closed
matrix, pellet samples with a high-quality texture and a density of 1150—1260 kg/m’ are formed,
which meets the requirements of European standards p >1.0 g/cm3. The determined ash content
of the manufactured samples of biofuel pellets on dry weight was 24—41%, and the calorific
value calculated by the D. Mendeleev formula was 16-20 MJ/kg, which is comparable to the
calorific value of briquettes made of wood waste, brown coal, and peat. The obtained results of
the conducted experimental studies can be considered as estimative. In general, they confirm the
prospect of further research and development in the direction of technologies and equipment for
the production of biofuel pellets from sewage sludge and their further utilization through use in
thermal power plants.

Key words: sewage sludge, utilization, experimental press installation, biofuel, density, heat
of combustion, ash content.
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Kpasuenxo B. I, Kpasuenxo B. Il. /locnidsicennn mennomexnHivHux XapaxKmepucmuk
ZPanYIb08AHO20 NANUGA, GUZONOGTIEHO20 3 0CAOIE CHIIUHUX 600

Ha cvoeooni npodosoicyroms 3pocmamu macumadu ymeopenus, ma HAKONU4eHHs pPi3Ho-
Manimuux 6i0xo0ig, 30kpema ocadie cmiunux 600 (OCB) Ha KaHani3ayiiHux O4UCHUX CHOpPY-
dax Hacenenux nywxmie. Taxutl cman npuzeo0ums 00 GIOYYHCEHHS 0Cadamu NpoOYKMUGHUX
CIbCbKO2OCNOOAPCLKUX 3eMelb Md 3a0pYOHeHHs O0BKIIA, Wo nompeoye ix He2auHol 0OpoOKu
ma ymunizayii. Oonum i3 eghpexmusnux cnocob6ie nepepooku OCB moodice 6ymu 6ucomoeieHHs
3 Hb02O 2panynLo6ano2o bionanuea. B pobomi posenanymo numanns ymunizayii OCB winaxom
BULOMOGIEHHSA 3 HUX Oionanugnux neiem. /s excnepumenmie 3 GUeOmMosienis neiem GUKOpUc-
MOBYBANUCA 3pA3KU MYN068UX ocadie 3 ouucHux cnopyd OKBII «/[ninpo-Kiposoepao» y m. Kpo-
nUGHUYbKULL nicas yeumpughyeysanusa eonocicmio 75-80% 06ox eudis: cupuii ocad ma Haoauw-
Koeutl akmugHutl Myn. Excnepumenmu 30iticHI08AUCA 3G PO3POONIEHOI MEMOOUKOIO OOCTIOHCEHD
Ha cneyianvbHo po3pobnenomy nabopamopHomy npecosomy npucmpoi. Hepesz 6ucoxy eono-
eicmy 3paskie mynosux ocadie (75—78%), neped ucomosieHHAM 3 HUX neiem 30iUCHIOBANACH
nonepeoHs ix ni02omosKa wiisxom mepmiuHoi (niocyuly8ants) ma MexaniuHoi (noopioHemHs)
00pobKu. 3 nioeomoenenux Mynogux ocaoie eonozicmio 12—15% npu cmuckysanni 0o Kinyegux
muckie 130,5...217,5 Mlla y npecogomy npucmpoi 3 6epmuKaibHUM NYAHCOHOM I 3aKPUMOIO
Mampuyeio ymeopiolomsCsi 3paskiu neiem 3 skichoio gaxmypoio i eycmunoio 1150—1260 xe/m,
Wo 6ionogioae sumozam esponeicokux cmanoapmie p >1,0 o/cym®. Busnauena 30nvnicmo 6uo-
MOBNEHUX 3pA3KI8 OIONANUBHUX nellem Ha cyXy macy ckradana 24—41%, a pospaxosana 3a ¢ghop-
mynoio /. Menoeneesa mennoma 3eopsauns cxnaoana 16—20 Mic/ke, wo nopiusino 3 menio-
MO0 320pAHHA OpuKemis 3 depes AHuUX 8i0xX00i8, Oypoeo syeinis, mop@y. Ompumani pesyromamu
NPOBEOCHUX eKCNEPUMEHMATbHUX 00CIONCEHb MOJCHA PO32IA0AMU K OYIHOYHI. 3aeanom 60Hu
nIOMEEPOHCYIONb NEPCNEKMUBY NOOANLULUX OOCNIONHCEHb | PO3POOOK 8 HANPAMKY MEXHON02il
i obnaonants 015 GUCOMOGNEHHs DIONATUBHUX Nelem 3 0Cadi6 CIIYHUX 800 MdA NOOANLUOL iX
VMUni3ayii wisaxom GUKOPUCIAHHA 6 MeNI0eHeP2emuyHUX YCMaHo8Kax.

Kniouogi cnosa: ocaou cmiunux 800, ymunizayis, eKCHepUMEHMAIbHA NPecosa YCmanosKda,
Oionanueo, wWinbHiCMb, MeNI0Ma 320PAHHS, 301bHICIDb.

Introduction. Among the current environmental problems in Ukraine and around
the world, the disposal of industrial waste stands out, which, in particular, is related to
the issues of sewage treatment plant waste. Waste in the form of sewage sludge, consis-
ting of household, industrial and storm water, is discharged into the sewer and is a
source of pollution of urban areas.

To treat large volumes of wastewater, treatment systems are used that are based on
the formation of sludge, which remains in sludge ponds for years [1]. The use of such
sites for the disposal of SS is a traditional, but outdated and irrational method of sed-
iment management, as it takes significant areas of land out of circulation and leads to
pollution of air, soil, and groundwater with toxic components that are part of the sedi-
ments [2, 3].

Currently, stricter EU rules regarding the management of local sewage sludge, as well
as the Law of Ukraine "On Water Disposal and Wastewater Treatment" of January 12,
2023, pose new challenges for the country, one of which is to find areas of effective
technologies and methods of their utilization.

Analysis of recent research and publications. The feasibility of using a certain
technology for the utilization of wastewater depends on several factors: the producti-
vity of the wastewater treatment plant, the composition and methods of wastewater and
sludge treatment, the efficiency of treatment facilities, etc. [4]. Thus, in Germany, Great
Britain, Sweden and Finland, silt sediments are used for land reclamation and reclama-
tion of lands disturbed by industrial developments, as well as for combustion to obtain
thermal energy and ash, which is a valuable product for the production of building
materials [5]. In France, 50-60% of SS is used as organic fertilizer; 20-25% is taken to
solid waste landfills; and 15-20% is burned in incinerators [6].

In Ukraine, the use of SS as fertilizer is limited to 5% due to a number of circum-
stances, including the presence of bacterial contamination, toxic compounds, and a high
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content of trace elements, which have a negative impact on plants and the quality of
agricultural products. Therefore, the burial of SS is the main method of their storage for
decades [5].

One of the methods of disposal that is guaranteed to eliminate harmful organic sub-
stances and significantly reduce the volume of sludge waste is incineration [6]. The heat
of combustion of SS per dry mass is 14.5-16.0 MJ/kg [7] and is not inferior to wood,
peat and brown coal.

However, the process of spreading the method of burning sludge in Ukraine and
the world is primarily hindered by their high humidity, which is not less than 70% [2].
Studies have shown that it is advisable to use them in the energy combustion process
only after they reach a moisture content of 10% [8].

For preliminary drying of SS before incineration, efficient drying equipment can be
used, which will ensure the preparation of raw materials for thermochemical processing
with an initial humidity of 60-70% [2]. At the same time, after treatment of SS in sewa-
ge treatment plants, they are also characterized by variability in composition, size and
shape, which worsens the process of their incineration [1]. Therefore, it is more expedi-
ent to use SS as fuel in the form of pellets, which will also make it possible to increase
the efficiency of energy use.

The aim of the study. The aim of the work is the experimental testing of pilot
samples of biofuel pellets made from wastewater sludge of the “Dnipro-Kirovograd”
Wastewater Treatment Plant.

Presenting main material. The collection of formed sludge from wastewater, as
well as their neutralization and preparation for disposal, takes place in a complex of
engineering structures used in treatment plants using biological treatment technology
in aeration tanks. The technological scheme for the treatment and processing of waste-
water sludge is given in [1]. This technological process is currently one of the easiest to
implement, basic in Ukraine, used at most existing treatment plants and allows for the
removal of organic pollutants by 95-97%.

In experimental studies on the production of pellets, samples of sludge from the treat-
ment facilities of the regional municipal production enterprise "Dnipro-Kirovograd" in
Kropyvnytskyi were used. Samples of two types were provided after centrifugation with
a humidity of 75-80%: raw sludge (SS-1) and excess activated sludge (SS-2). Since
the provided samples of sewage sludge had high humidity, before making fuel from
them, they were prepared by thermal and mechanical treatment. After treatment, the
samples were destroyed with the formation of individual particles, of which the majority
(60-70%) had dimensions of 3—5 mm and humidity of 16%.

To produce pellets from sludge SS in a closed matrix, an experimental press installa-
tion was used, the scheme of which is shown in Fig. 1a, and a press device with a mold
and a punch d = 16 mm, the general view of which is shown in Fig. 1b.

For fractographic study of the surface structure of biofuel granules made from sludge
SS, an optical-digital unit was used, consisting of: a stereoscopic microscope model
MBC-9, a Web camera and a laptop.

The ash content was assessed using a muffle furnace. The crucible with the installed
sample was placed in a muffle furnace and ashed with subsequent holding in it at a tem-
perature of 800 °C for 1 hour (until the carbon was completely burned out).
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Fig. 1. Working part of the YBM-50 machine with installed press device (a),
press device (b)

The results of experimental studies are given in Table 1.

Table 1
Main results of experimental studies
Bulk Pellet density, g/cm® Heat of
Raw density, Pressure )F]’rgessu re combustion, Ash c(;ntent,
g/cm’ 130.5 MPa | 217.5 MPa MJ/kg °
SS-1 0.42 1.18 1.26 16.54 41.0
SS-2 0.413 1.15 1.22 20.15 24.5

The general appearance of pellets made from samples SS-1 and SS-2 is shown in

Figure 2.

Pellet samples made from sewage sludge had a sufficiently smooth surface (Fig. 2a, 2b)
and a high density: 1.15...1.26 g/cm3 (Table 1), which meets the requirements of Euro-
pean standards p >1.0 g/cm? [9].

The nature of the surface structure of the pellets and the density of the gaps between
the particles of the raw material after pressing are shown in Figure 3.

Fig. 2. General view of pellets and their ash residues after combustion made from:
a —raw sludge SS-1; b — activated sludge SS-2




| Taspiliceknit HaykoBHi BicHHK Ne 6

Fig. 3. Character of the surface structure of pellets and the density of gaps
between the particles of raw material after pressing:
a — outer surface of the SS-1 sample with a final pressure of 130.5 MPa,
b — the same with a final pressure of 217.5 MPa

The results of fractographic studies showed that with increasing pellet density
(at final pressures of 130.5 and 217.5 MPa), the distance between particles on the sur-
face decreases from 0.075 mm (Fig. 3 a) to 0.02 mm (Fig. 3 b).

To determine the higher heat of combustion of sewage sludge per dry mass, which
was carried out based on the average values of the elemental composition of the raw
material, D. Mendeleev's formula was used to calculate the higher heat of combustion
per working mass [10]:

Q7 =4,187(81C? + 300H? — 26(0O” - S)),
where CP, HP, OP, SP — elemental composition of fuel per working mass.

Recalculation of the higher heat of combustion from the working mass to the dry
mass was carried out according to the expression:

4= Qy 100

100-WP
where W7 is the moisture content of sludge before pressing.

The values of the higher calorific value per dry mass of the manufactured pellet
samples are given in Table 1.

The obtained values of the heat of combustion of pellets from sewage sludge
(16.54...20.15 MJ/kg) are in satisfactory agreement with the average values of the heat
of combustion: 16.8...27.4 MJ/kg, given in [11] for domestic sewage sludge.

The general appearance of ash residues after burning pellets made from sewage sludge
is shown in Figure 2. The ash residue per dry mass of SS-1 almost twice exceeded the value
of SS-2 and was 46.0 and 24.5%, respectively. Significantly different quantitative data of the
obtained ash content values of pellets from sludge waste SS-1 and SS-2 may be due to their
slightly different initial compositions. At the same time, it should be noted that, in general, the
results obtained on ash content are in satisfactory agreement with the data given in works [12].

Conclusions. 1. The paper deals with the issue of disposal of sewage sludge by
making biofuel pellets from it.

2. A research methodology and a press device have been developed for experimental
testing of the production of pilot samples of biofuel pellets from sewage sludge of the
“Dnipro-Kirovograd” Wastewater Treatment Plant.

3. It has been determined that the production of pellets from sewage sludge, due
to their high humidity (75-80%), requires their preliminary preparation by thermal
(drying) and mechanical (grinding) treatment.
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4. From the prepared sewage sludge with a humidity of 12—15%, when compressed to
final pressures of 130.5...217.5 MPa in a press device with a vertical punch and a closed
matrix, pellet samples with a high-quality texture and a density of 1150-1260 kg/m?
are formed, which meets the requirements of European standards p >1.0 g/cm?

5. The determined ash content of the manufactured samples of pellets from sewa-
ge sludge was 24-41%, and the calculated heat of combustion per dry mass was
16-20 MJ/kg, which is comparable to the heat of combustion of briquettes from wood
waste, brown coal, and peat.

6. The obtained quantitative results of the conducted experimental studies can be
considered as evaluative, taking into account the wide range of initial characteristics of
sewage sludge and the provision of methods for their preliminary preparation for the
press production of biofuel pellets.

7. In general, the results obtained confirm the prospects for further research and develo-
pment in the direction of technologies and equipment for the production of biofuel pellets
from sewage sludge for the purpose of their utilization by use in thermal power plants.
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