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Abstract. An assessment is given to the problems of urban wastewater sludge utilization in our
country and abroad, with determination of formation and usage level. Global trends in the reduc-
tion of carbon dioxide emissions exacerbate the urgency of solving the designated tasks. At the
same time, recently, in connection with the EU’s plans to introduce a cross-border carbon levy,
it has become necessary to reduce the carbon footprint from burning traditional fuels, which is an
urgent problem of modern society. One of the directions that provide a solution to this problem
is the replacement of part of the hydrocarbon fuel by the consumption of multicomponent solid
fuel based on the use of combustible waste that is part of the multicomponent fuel. This solid fuel
can be used to meet the needs of small consumers, for example, in the autumn-summer period to
generate a drying agent for the preparation of grain on the threshing-floor, in small boiler houses,
in sand drying plants of locomotive depots, heat installations of hangars and workshops, as well as
in other heat-generating installations operating on solid fuels. At the same time, solving the prob-
lem of reducing the carbon footprint for Belarus is closely related to another urgent task — reducing
the energy component of industrial products and the environmental consequences of storing accu-
mulated and generated waste. The paper presents the results of joint scientific research in the field
of application of modern technologies and equipment using electrohydraulic treatment to reduce
and minimize the level of anthropogenic and polluting substances in wastewater sludge. The de-
scribed technological equipment, technology and post-treatment modes reduce the content
of harmful substances in the wastewater sludge composition even with short-term treatment.
An assessment of the effectiveness of the developed technology for the use of sewage sludge
is given, using the method of wet multicomponent briquetting to obtain a multicomponent fuel.
The presented process flow diagram of multicomponent briquetting using sewage sludge and
plant-wood waste directly shows the undeniable advantages of using watered wastewater sludge
as a raw material for the production of solid fuel. At the same time, the optimally selected ratio
of components and moisture content of the briquetted composition solves a number of technolo-
gically difficult problems that cannot be realized using traditional briquetting technologies.
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The presented data of the conducted research and the developed technology make it possible to
expand the area of using wastewater sludge as a secondary renewable material resource.
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Pedepar. [lana ornenka npodiaeMaM yTIIIH3AMN O0CAIKOB TOPOJCKHAX CTOYHBIX BoA B Bemapycn u
3a pybeKoM C OmpeJereHHeM YpOBHS MX 00pa30BaHUS M HCIONb30BaHHSA. MHUPOBBIE TEHICHIUH
COKpAILlEHUs] BBIOPOCOB IHOKCHAA YIiIepoaa OOOCTPSIIOT aKTyalbHOCTh PEIICHUS yKa3aHHBIX 3a-
nad. B cBsa3u ¢ mmanamu EBponeiickoro coro3a 1o BBEACHHIO TPAHCTPAHUYHOIO YIIIEPOTHOTO cOO-
pa BO3HHKJIA HEOOXOIUMOCTb CHIDKEHHUS YIJICPOAHOTO ClIe[ia OT CKUIAaHUS TPAAULMOHHBIX BHIOB
TOIUIMBA, YTO SABJISETCS aKTyaJbHOW MPOOIEMON 11 coBpeMeHHOro obmecta. OfHO U3 Hampas-
JIEHUH ee pellleHHs — 3aMelleHUe YacTH YTJIEBOAOPOJAHOIO TOIUIMBA MHOTOKOMIIOHEHTHBIM TBEp-
JBbIM Ha OCHOBE TOPIOYMX OTXOA0B. TBEpHOE TOMIMBO MOXHO HCIOJNB30BaTh AN 0OECTeueHus
HYX]] MEJIKUX MOTpeOuTeNnel, HanpuMep B OCCHHE-JICTHUH IEePHOJ Ul eHEepaliy CYIIIIHHOTO
areHTa IpyU IOATOTOBKE 3e€pHa Ha TOKAX, HA MEJKUX KOTEIBHBIX, B CYIIMIBHBIX YCTAHOBKAX ITeCKa
JIOKOMOTHBHBIX JIETIO, TEINIOYCTaHOBKAaX aHTapoB M MACTEPCKHX, a TaKKe B MHBIX TEIUIOTCHEPH-
pyfonmx ycraHoBkax. [Ipum stom mms Bemapycu cHmkeHHe yriaepomHOTO cliefla TECHO CBS3aHO
C JIpyroi akTyanbHOH 3aaaueil — yMeHbIIEHHEM SHEPTeTHYECKON COCTaBIISIONIEH MPOMBIIIJICHHON
TIPOJYKIMU W IKOJOTUYECKHX IOCIEACTBHI XpaHEHHS HAKOIUICHHBIX M 00pa3yIOMUXCsl OTXOJIOB.
B craTbe mpezncTaBieHs! pe3ylbTaThl COBMECTHBIX HAyYHBIX HCCIIECOBAHUK B 00IacCTH NMpHUMEHe-
HHSI COBPEMEHHBIX TEXHOJIOTHH U 000pYHOBaHMs, HCHONB3YIOMINX AJIEKTPOTUIPABIHYECKYIO0 00-
pa60T1<y JJIA CHMKEHUS U MUHUMU3ALUU YPOBHA COLACPIKAHWSA aHTPOIIOTC€HHBIX WU 3arpA3HAIOIIUX
BCHICCTB B OCAaJAKE€ CTOYHBIX BOJ. OmnucaHHble TEXHOJOTHYECKOE 060pyz[03a1-me, TCXHOJIOTUA U
PEXXKUMBI TOOYUCTKU MO3BOJIAKOT CHU3UTH COACPKAHUE BPEAHBIX BEIIECTB B OCAIKE CTOYHBIX BOJ]
JTaKe TIPU KPaTKOBpeMEHHO# o0padoTke. JlaHa oreHka 3¢ (EeKTHBHOCTH pa3pabOTaHHOM TEXHOJO-
THH HCIIOJIb30BaHUS 0CaKa CTOYHBIX BOJ C IPHMEHEHHEM METOJa BIQ)KHOI'O MHOTOKOMITOHEHT-
HOTO OpUKETUPOBAHMUS IS MOJTYYSHUs] MHOTOKOMIIOHEHTHOTO TOIUTHBA. [IpencraBieHHas NpUH-
IUNUaTbHAsE TEXHOJIOTHIECKas CXeMa MHOTOKOMIIOHEHTHOTO OpPHKETUPOBAHMS C HCIIOIb30BaHUEM
ocaJika CTOYHBIX BOJ M PACTHTEIBHO-IPEBECHBIX OTXOJO0B MOKa3bIBA€T HEOCHOPUMEIE MPEHMYIIle-
CTBa MpPUMEHEHHs OOBOJHEHHOTO OCaJKa CTOYHBIX BOJX B KadeCTBE CHIPHS OIS TPOM3BOJCTBA
TBEPZOTO TOIUHMBA. [Ipn 3TOM ONTHMAIbHO MOZOOPAHHOE COOTHONIEHNE KOMIOHEHTOB M BIAXKHO-
cTH OpUKETHPYEeMOTO COCTaBa PEIIAeT PsA TEXHOJIOTHUECKH TPYAHBIX 3ajad, HE Pealn3yeMbIX
C MOMOIINBIO TPAAUIMOHHBIX TEXHOJIOTHI OpHKeTHpoBaHUs. [IpoBeneHHBIE NCCIETOBAHNS U Pa3-
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pa60TaHHa$I TEXHOJIOTUS MO3BOJIAIOT pacIIupUTh 00J1aCTh HUCIIOJIb30BAHUS OCaaKOB CTOYHBIX BOJ
B Ka4€CTBE€ BTOPUIHOI'O BO300HOBJISIEMOTO MaTEepUaJibHOI'O pecypca.

KnroueBble c10Ba: OTXO[bI, TOPIOYNE BTOPUYHBIE SHEPTETUYECKHE PECYPCHI, OCATOK CTOUHBIX
BOJI, KOMMYHaJIbHBIE OTXOJbI I'OPOAA, IPOMBILUICHHBIC OTXOABI, 3KOJOTHs, TOIUIMBO, OPHKET,
MHOTOKOMITOHEHTHOE TBEpAO€ TOILIMBO, YIJIEPOAHBINH cOOp, 00beM 00pa30BaHUs OTXOAOB, JJIEK-
Tporuapasadeckas oopadborka

Jnst nutupoBanusi: TexHONOr s MPOM3BOACTBA MHOTOKOMIIOHEHTHOTO TBEPOr0 TOIUIMBA C HC-
MOJIb30BaHUEM OTX0J0B cTouyHbIX Bog / A. H. Ilexota [u ap.] // Ouepeemuxa. H3e. gvicui. yueo.
3agedenuil u snepe. obveounenuit CHI. 2021. T. 64, Ne 6. C. 525-537. https://doi.org/10.21122/
1029-7448-2021-64-6-525-537

In the complex of problems pertaining to housing and communal services of
the Republic of Belarus, one of the most important problems continues to be —
the choice of directions for the disposal of sewage sludge. The problem of utili-
zation of urban wastewater sludge is an important environmental challenge for
the cities of our country, as well as the cities of our border neighbors and the CIS
countries. The amount of precipitation released during wastewater treatment
at modern wastewater treatment plants ranges from 2 to 10 % of the flow rate of
incoming water. At the same time, 4-5 % of the total volume of them is used
in the national economy, as a rule, in the field of soil-improving compositions,
in connection with which, in significant volumes, sediments are stored on the
territory of treatment facilities, that creates an unfavorable environmental situa-
tion near the city limits. The main reason for this situation is the fact that the
problem under consideration has not been formulated initially in all aspects,
the question was not considered in such a way that the accumulation of waste
in a limited area in the future would lead to the need to solve the problem at sig-
nificantly higher costs. It should be borne in mind that a wastewater treatment
technology can be considered as a waste-free one only when it, at the end of the
process, has effective and environmentally friendly ways for using or disposing
of sludge.

All of the above is of particular importance because over the past decades,
many countries, as part of the development of the concept of national sustainable
development strategies, have been making a rapid transition to the efficient use
of industrial, municipal waste and biomass using combustion and fuel produc-
tion technologies. For example, the countries of the European Union declare,
by 2030, the replacement of a quarter of the fuel consumed for transport by
liquid types of biofuels, the production of which will be carried out using tech-
nologies for processing various waste and biomass.

Reducing the carbon footprint, in line with the global trend to reduce carbon
dioxide emissions, exacerbates the urgency of solving the designated tasks.
Naturally, the carbon footprint of waste disposal remains, but there is a reduction
in CO, emissions associated with the replacement of a part of natural gas by
the consumption of anthropogenic waste included in the multicomponent fuel.
The latter can be used to meet the needs of small consumers, for example, in the
autumn-summer period to generate a drying agent for the preparation of grain on
the threshing-floor, in small boiler houses, in sand drying plants of locomotive
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depots, heat installations of hangars and workshops, as well as in other heat-
generating installations operating on solid fuels.

The topic of carbon regulation has become aggravated in connection with
the EU plans to introduce a cross-border carbon levy which directly affects
the tax on the export of chemical and paper products, nitrogen and potash ferti-
lizers, the oil and gas industry and metallurgy are directly subject to the tax. The
prospect of transboundary carbon charges and trade in carbon dioxide emissions
provided for by the Paris Agreements, taking into account the current geopoliti-
cal situation which affects the interests of not only the Republic of Belarus,
but also other European countries. Finally, solving the problem of reducing
the carbon footprint for Belarus is closely related to another urgent task of dra-
matically reducing the energy component of industrial products.

The required achievements in the use of non-conventional and renewable
energy sources in the energy sector, which meet the challenges of the current
moment, are possible only through the use of all the accumulated research, tech-
nological and practical experience in the involvement of combustible indu-
strial and household waste, as well as biomass as a source of chemical energy.
The development of this direction of using combustible waste as non-
conventional and renewable energy sources in the energy sector is primarily as-
sociated with the increasing world consumption, provided by the growth of both
national and world Gross Domestic Product in recent decades. So, according
to the Institute of Economics of the National Academy of Sciences of Belarus
(Minsk) [1], presented in Tab. 1, the population on our planet has been increa-
sing by 1 billion people over the past 60 years, with dynamics every 13 years.
In the short term, this period will decrease to 8-11 years, which is inextricably
linked with the growing need to use waste from human life and production.

Table 1
Dynamics of population growth on planet Earth
Years in which it is possible Population of planet Earth, | Period between years,
to perform calculation of population people in years

1805 1 000 000 000 555 (from 1250)
1927 2 000 000 000 122

1959 3 000 000 000 32

1974 4000 000 000 15

1987, July 11 5000 000 000 13

1999, December 31 6 026 548 295" 12

2011, December 31 7001 071 861" 12

2020, December 31 7851 163 856" 9

“Revised data — according to UN fund estimates number of population for 31.12.2020
(https://countrymeters.info/ru/World).

Comprehensive analysis of the data shows that the world’s population has
increased by about 110 % per year over the past three years, with an average
annual population growth of 81 million.
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All this suggests that the development and implementation of technologies
for the use of various wastes of human life is the most important strategic task
for the entire civilized world community, to which we also count ourselves.

At the same time, at the present stage, based on the numerous results of sci-
entific research and developed available and effective technologies, they prove
that sewage sludge is a demanded secondary resource that can and should
be used in various areas of the national economy.

The relevance of using briquetted fuel from wastewater sludge (WWS) is
based on the fact that the main component is renewable, and its volume inc-
reases annually in proportion to the growth of population and production [2].
The use of secondary energy resources is acquiring additional relevance, also
in connection with a decrease in reserves of fossil fuels, the need to strengthen
energy security, as well as the economic and environmental need to increase the
level of waste use. At the same time, for example, the use of wood waste in con-
junction with other renewable fuels can reduce carbon dioxide emissions into the
atmosphere [3]. This does not completely solve the problem of climate change -
but in combination with other actions can mitigate its catastrophic changes.

At this stage, one of the limiting factors for the widespread use of WWS in
various developed technologies are high humidity, the presence of mineral (me-
chanical) impurities and an increased content of heavy metals in the fuel.

One of the solutions to these constraining factors is the use of electrohydrau-
lic treatment of this type of waste, as a result of which, according to the con-
ducted studies, a decrease in the quantitative content of sulfur, zinc, nickel,
chromium, copper, manganese and lead has been noted. On the whole, this
makes it possible to regulate and ensure the permissible content of these
elements in the physicochemical composition of the used WWS at an environ-
mentally safe or normatively required level. The external view of the installation
assembled using the device “ZEVS Profi” of the “UChT-220P” type, which con-
verts energy into current pulses of microsecond duration for electrohydraulic
treatment of wastewater sludge of urban facilities, is shown in Fig. 1.

Fig. 1. Scheme and device of electrohydraulic plant for treatment of wastewater sludge
of urban facilities: a — general view of the plant; b — dashboard for electrohydraulic impulses
control; ¢ — type of charging and power units generating electrohydraulic impulses
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A schematic view of the equipment included in this device, which provides
preparation and disposal of waste, is shown in Fig. 1a. The effect is achieved due
to the fact that electric discharges occur in a humid environment of sewage
sludge, creating an ultra-high pulsed hydraulic pressure, while hydrodynamic
effects lead to the appearance of shock waves with sonic and supersonic speeds,
which form a block of high voltage transformer 1, having a high-voltage diode
bridge and a battery of storage capacitors, controlled by a control panel unit 2,
equipped with a low-voltage part of the power supply, the appearance of which
is shown in Fig. 1b, ¢. In reactor 3, as a result of a specially formed pulsed
(spark, brush) high voltage electric discharge between the electrodes, powerful
pulsed cavitation processes are created, which, depending on the duration, fre-
quency, power and duration of the electric pulse of the discharge current, trigger
mechanical resonance phenomena allowing material processing.

All of these factors have a variety of physical and chemical effects on the
liquid and objects placed in it. Shock displacements of the liquid near the dis-
charge zone, arising from the development and collapse of cavitation cavities,
can destroy non-metallic materials and cause plastic deformation of metallic ob-
jects. At the same time, electrohydraulic waste treatment, performed without
intermediate mechanical links, is accompanied by a wide range of physical and
chemical phenomena such as: infra- and ultrasonic radiation, intense pulsed
light, thermal, ultraviolet radiation, multiple ionization of compounds and ele-
ments contained in the processed waste [4].

All these phenomena, in combination, acting on the processed waste compo-
sition, make it possible to reduce the content of such chemical elements as Zn,
Ni, Cr, Cu, Mn, Pb, S affecting the formation, for example, of emissions
of harmful substances during the combustion of multicomponent fuel with using
WWS, as well as with direct combustion of sewage sludge as a single-
component fuel composition [5].

Tab. 2 presents the data obtained in the study of WWS of urban wastewater
treatment plants in the city of Gomel for the content of various metals in liquid
samples. Laboratory studies have been executed on an atomic absorption spec-
trometer “MI'A-915M” (MGA-915M). The studies have been carried out in ac-
cordance with the methodology developed by Republican Unitary Enterprise
“Central Research Institute for Complex Use of Water Resources” (Minsk,
Republic of Belarus) and approved in accordance with the established procedure
by “Methodology for measuring the content of metals in liquid and solid matri-
ces by method of atomic absorption spectrometry. MVI. MN 33-69-2010".

Thus, the use of electrohydraulic treatment of sewage sludge with a high-
voltage short-pulse (at the level of 10-20 ps) electrohydraulic discharge for
3 min allows to reduce the concentration of some chemical elements in the wor-
king composition of the WWS. There is a change in the concentration of such
elements as Zn, Cu, Ni (Fig. 2a, d, e) within 2.277-2.474 times, respectively,
and the concentration of Mn, Cr, Pb (Fig. 2b, c, f) decreases within 1.412-1.567 ti-
mes, respectively.
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Table 2
Comparisons in degree of concentration change after electrohydraulic treatment

of wastewater sludge

Serial number Metal type Volume, cm® Degree of concentration change
1 Zn 50.0 2.277
2 Ni 50.0 2474
3 Cr 50.0 1.497
4 Cu 50.0 2.467
5 Mn 50.0 1.567
6 Pb 50.0 1412
a b
1000
30
500 20
10
o 0
n Mn
W Initial WWS W After processing for 3 minutes W Initial WWS W After processing for 3 minutes
c d
30 100
20
50
10
0 0
Cr Cu
W Initial WWS W After processing for 3 minutes W Initial WWS W After processing for 3 minutes
e f
10 -
13
8
10 6
4
3
2 -
0 0 <
Ni Pb
W Initial WWS W After processing for 3 minutes W Initial WWS W After processing for 3 minutes

Fig. 2. Diagram of changes in the content of heavy metals in wastewater sludge:
a —zinc; b — manganese; ¢ — chrome; d — copper; e — nickel; f — lead
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The analysis of the results obtained shows that the use of an industrial instal-
lation, which provides, in certain operating modes, the conversion of electrical
energy into mechanical energy, obtaining a highly effective effect on the pro-
cessed material in the form of electrohydraulic treatment of the sludge, which
subsequently can find a wider technological application.

One of the directions of the integrated WWS management scheme is the
energy-saving technology of sludge briquetting to obtain fuel briquettes,
while WWS can be considered as a secondary energy resource that can be
further burned in boiler houses.

The problems of its use to obtain solid fuel, using typical widespread tech-
nologies (RUF, C. F. Nielsen, Pini Kei, etc.) are high humidity and impurity con-
tent. However, when using the developed technology for briquetting multicom-
ponent solid fuel [6], such a disadvantage as high humidity, is a technological
necessity, which is more an advantage when using this technology than a tech-
nological disadvantage. In this case, sewage sludge is a dispersed system.
The degree of dispersion, which ranges from 10 to 107 cm™, allows the sedi-
ments to be considered as colloids with increased viscosity. The viscosity of
heterogeneous masses, in particular sewage sludge, has not yet been studied
due to the exceptional variety of phenomena and the complexity of the issue.
However, it can be argued that on the basis of the data obtained from the com-
plex of studies carried out by the authors, during which it has been revealed
that WWS, having a high viscosity and high heat of combustion [7, 8] can be
effectively applied in multicomponent briquetting. At the same time, its physical
state and characteristics allow the sludge to be used both as a binder component
and as a filler in fuel.

Mechanically dewatered sludge contains 65-80 % water. After thermal
drying, the calorific value can reach 9-6 MJ/kg, and the processing of 1 ton of
WWS (calculated on dry weight) makes it possible to obtain, depending on
the composition, 531-556 kg of standard fuel [7]. Taking into account the Re-
public-wide volume of previously accumulated sewage sludge and the growing
need for their processing, one of the ways to utilize this waste may be the
production of boiler and furnace fuel for local heat supply systems.

The production of such fuel is achieved by using the developed technolo-
gies of multicomponent briquetting, which is called multicomponent solid
fuel (MSF) [5-7, 9, 10].

Fig. 3 shows a schematic process flow diagram of multicomponent briquet-
ting using sewage sludge and plant-wood waste.

The technology for producing MSF is based on wet briquetting of multicom-
ponent mixtures with the use of binding components or materials that provide, in
the composition of the briquetted mixture, the processes of combining small un-
coupled particles into large structural compounds with the required geometric
and mechanical parameters and the necessary energy properties. In this case, the
wastewater sludge in MSF briquetting acts as a binder, but if necessary, a spe-
cialized binder can be used to provide additional physical characteristics speci-
fied during briquetting.
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Fig. 3. Principal technological scheme of multicomponent solid fuel production using sewage
sludge by the method of continuous briquetting of wet multicomponent compositions

The principal technological scheme of multicomponent briquetting is the use
of various crushed combustible waste of plant and wood origin. These, as a rule,
include waste of woodworking, logging, husk, fire, etc. In most of the developed
multicomponent compositions, they are both the basic component, to which
other types of combustible waste can be added in a certain (investigated) ratio,
and auxiliary, i.e. its addition provides a reduction in certain indicators in the
fuel in general. For example, ash content, sulfur content, etc. decreases. At the
same time, it is possible to add in the developed compositions of multicompo-
nent fuel, such combustible components that have not found technological appli-
cation, such as spent oil-containing sorbents, fuel and oil filter elements, sawdust
and rags saturated with oil products, sewage sludge from treatment facilities,
animal and poultry waste, municipal waste, etc. An important condition for their
use is a certain technological cycle for the preparation of these materials,
which we will consider separately.

Depending on the composition, morphological state and moisture content
of the waste entering for processing, as well as taking into account their priority
ratio in the prepared briquetted mixture, the most technically simple and eco-
nomically justified system for obtaining the required moisture content of the
mixed components of the mixture is used [11]. The moisture content after the
preparation process is the most critical technological cycle, which further
ensures the maximum productivity of the briquetting equipment and the for-
mation of a static wet frame of the fuel supplied for drying. At the same time,
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the optimally selected ratio of components and the moisture content of the com-
position solves many technological problems, the main of which are:

« the intensity of adsorption of wet components with briquetted particles with
the formation of a thin film of the binder on the surface;

« high-quality formation of the surface, shape, density and required standard
sizes of briquettes;

« the ability to regulate the heat of combustion (using oil-containing compo-
nents, organic and combined binders);

« creation of the required intensity of hardening and strength of the briquette
during drying.

The multicomponent compositions of MSF developed to date with the use
of various wastes ensure complete combustion of the combustible materials used
in it with the release of specified thermal and technical characteristics. At the
same time, the requirements of transportation and storage are met, ensuring
the preservation of the properties and quality characteristics of the combustible
mass [3, 5, 12].

Determination of the main physical and chemical indicators of the composi-
tions of briquetted fuel in order to obtain the optimal component parameters
have been carried out with the participation of the accredited laboratory “Scien-
tific Research Institute of Physical and Chemical Problems” of the Belarusian
State University.

Taking into account the problems of the need for the preferential use of se-
wage sludge and the determination of the optimal component composition of
fuel briquettes with due account of the requirements that ensure the standardi-
zation of indicators for so-lid fuel, four intermediate compositions have been
developed to determine the ranges and ratios of the chemical composition of the
corresponding optimal quality, suitable for use in economic activities at Utility
Production Unitary Enterprise “Gomelvodokanal” with the possibility of being
burnt in boilers of the existing industrial boiler house.

The main results of experimental studies in accordance with the developed
grades of briquetted fuel are summarized and in the form of a comparison in
respect of indicators pertaining to the content of carbon, hydrogen, nitrogen,
oxygen and sulfur in the working composition of the fuel are presented in Tab. 3.

Table 3
Change in elemental composition of combustible mass
of various fuel grades while using wastewater sludge

Working composition of fuel (by mass), %

C 0 H N S

MSF of WWS containing wood waste 50 % 40.3 34.0 5.3 1.77 0.62
MSF of WWS containing wood waste 25 % 394 24.6 5.4 2.24 1.09
MSF of WWS without wood waste 404 12.7 5.7 2.38 1.18
MSF of WWS containing wood waste 67 % 434 31.1 5.6 1.66 0.54

Type of fuel

In addition, a study on the shape dependence of the briquetted component
composition on the productivity of the installation has been carried out. In the
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course of the experiment, the female die shapes of the press working channel
have been changed in order to determine their influence on the productivity and
quality indicators, as well as the optimal conditions for packing and transporting
the resulting briquettes. In experimental studies, dies having the shape of
a square, a circle and a square with rounded edges have been used.

In turn, tests and calculations have been also carried out to determine
the density of dried samples of briquetted solid fuel, for which we used ran-
domly selected briquettes-samples with a length of 200 mm, dried to a moisture
content of 10.4 %. The error of instrumental dimension measurements of the
samples was 0.1 mm.

One of the important performance indicators of fuel is its heat of combustion.
A comparative analysis of the calorific value of solid fuels and multicomponent
fuels using WWS of urban wastewater treatment plants is presented in the form
of a diagram in Fig. 4.

7000
kcal/kg

6000

13
5000
4000
3000

2000 |

1000 |

Fuel types

Fig. 4. Diagram comparing the calorific value of various solid fuels with multicomponent
solid fuel using sewage sludge: 1 — fire wood (round timber), water content W = 15 %;
2 — multicomponent solid fuel (with WWS 33 %), W = 15 %; 3 — peat briquette with W not
more that 16 %; 4 — multicomponent solid fuel (with WWS 25 %), W = 15 %;
5 — multicomponent solid fuel (with WWS 50 %), W = 15 %;

6 — multicomponent solid fuel (with WWS 25 %), W = 15 %; 7 —wood chips, W = 10.4 %;

8 — fuel briquette RUF, W = 12 %; 9 — brown coal of B-2-rank, W = 15 %;
10 — multicomponent solid fuel (with oil sludge 100 %), W = 15 %; 11 — fuel pellets, W = 7.7 %;

12 — fuel briquette Pinykey, W = 9 %; 13 — coal anthracite of AM-rank

According to the data obtained, we note a clear advantage in terms of calori-
fic value, since according to this characteristic, fuel obtained using sewage
sludge, in various ratios, has a calorific value significantly higher than wood
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fuel. Also, in terms of calorific value, fuel used in WWS in a ratio of 25, 50
and 100 % exceeds the calorific value of peat fuel. At the same time, the diffe-
rence in the heat of fuel combustion using in the WWS composition in the
ratio of 100 and 50 % is 135-350 kcal/kg, respectively, from fuel chips and fuel
briquettes of the RUF type. Accordingly, the obtained values of the MSF com-
bustion heat using WWS differ from the generally accepted compared fuels
insignificantly, not exceeding the range of values within 3.3-8.5 %.

Taking into account the obtained results of comparing the heat of combus-
tion, it can be concluded that there is a potential for obtaining alternative energy
resources using waste in the form of wastewater sludge from urban structures,
which is an urgent state task in solving the problems of waste use.

Comparative analysis of MSF samples has been also tested in other para-
meters, such as density, strength, water absorption, assessment of emissions
of harmful substances from combustion, etc. In the tests, samples of various
component compositions have been used, briquetted under the same pressure,
but at different humidity, their appearance is shown in Fig. 5.

Fig. 5. Appearance of briquette samples using wastewater sludge

CONCLUSIONS

1. The use of the developed specialized device in certain operating modes of
the installation for short-term electrohydraulic treatment of sewage sludge makes
it possible to improve the physicochemical characteristics of the composition
in the terms of environmental parameters, which allows, after electrohydraulic
treatment, to use wastewater sludge in other technologies, including thermal
neutralization.

2. Research and comparative analysis of physical and thermotechnical
characteristics, has made it possible to find the optimal ratio of components in
the fuel composition and to determine that wastewater sludge has a significant
energy potential and high energy efficiency indicators of this type of waste, even
despite the increased ash content in the working composition of the fuel.

3. The use of optimal, environmentally sound ratios of working compositions
of multicomponent solid fuel using wastewater sludge will make it possible
to create a stable raw material base for the production of local energy resources
with a high energy potential for replacing wood fuel sources, as well as to reduce
the amount of wastewater sludge waste storage, which will reduce construction
and maintenance costs of new sludge maps and undoubtedly improve the envi-
ronmental situation in general.
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4. The proposed directions for the utilization of wastewater sludge, in addi-

tion to the above, correspond to a low-carbohydrate strategy for the further
development of the country’s economic complex, which is implicitly formed

in

the context of solving the current tasks of increasing the competitiveness

of products and preserving its export.

10.

11.

12.
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