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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/m3 are formed, 
which meets the requirements of European standards ρ ≥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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Кравченко В. І., Кравченко В. П. Дослідження теплотехнічних характеристик 
гранульованого палива, виготовленого з осадів стічних вод

На сьогодні продовжують зростати масштаби утворення та накопичення різно-
манітних відходів, зокрема осадів стічних вод (ОСВ) на каналізаційних очисних спору-
дах населених пунктів. Такий стан призводить до відчуження осадами продуктивних 
сільськогосподарських земель та забруднення довкілля, що потребує їх негайної обробки 
та утилізації. Одним із ефективних способів переробки ОСВ може бути виготовлення 
з нього гранульованого біопалива. В роботі розглянуто питання утилізації ОСВ шляхом 
виготовлення з них біопаливних пелет. Для експериментів з виготовлення пелет викорис-
товувалися зразки мулових осадів з очисних споруд ОКВП «Дніпро-Кіровоград» у м. Кро-
пивницький після центрифугування вологістю 75–80% двох видів: сирий осад та надлиш-
ковий активний мул. Експерименти здійснювалися за розробленою методикою досліджень 
на спеціально розробленому лабораторному пресовому пристрої. Через високу воло-
гість зразків мулових осадів (75–78%), перед виготовленням з них пелет здійснювалась 
попередня їх підготовка шляхом термічної (підсушування) та механічної (подрібнення) 
обробки. З підготовлених мулових осадів вологістю 12–15% при стискуванні до кінцевих 
тисків 130,5…217,5 МПа у пресовому пристрої з вертикальним пуансоном і закритою 
матрицею утворюються зразки пелет з якісною фактурою і густиною 1150–1260 кг/м3, 
що відповідає вимогам європейських стандартів ρ ≥1,0 г/см3. Визначена зольність виго-
товлених зразків біопаливних пелет на суху масу складала 24–41%, а розрахована за фор-
мулою Д. Мендєлєєва теплота згоряння складала 16–20 МДж/кг, що порівняно з тепло-
тою згоряння брикетів з дерев’яних відходів, бурого вугілля, торфу. Отримані результати 
проведених експериментальних досліджень можна розглядати як оціночні. Загалом вони 
підтверджують перспективу подальших досліджень і розробок в напрямку технологій 
і обладнання для виготовлення біопаливних пелет з осадів стічних вод та подальшої їх 
утилізації шляхом використання в теплоенергетичних установках.

Ключові слова: осади стічних вод, утилізація, експериментальна пресова установка, 
біопаливо, щільність, теплота згоряння, зольність. 

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 
MBС-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).



237
Гідротехнічне будівництво, водна інженерія та водні технології

 
                                                    a                                     b  
 Fig. 1. Working part of the УВМ-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

Raw 
Bulk 

density,  
g/cm3

Pellet density, g/cm3 Heat of 
combustion,  

MJ/kg
Ash content, 

%Pressure 
130.5 MPa 

Pressure 
217.5 MPa

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 ρ ≥1.0 g/cm3 [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.

    
                                  а                                                          b 
 

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

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]:

Qв
р = 4,187(81Ср + 300Нр – 26(Ор – S)),

where Ср, Нр, Оp, 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:

Qd
s = Qв

р 100
100−𝑊𝑊𝑊𝑊𝑝𝑝𝑝𝑝  

 

 where Wp 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/m3  
are formed, which meets the requirements of European standards ρ ≥1.0 g/cm3

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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