XVII INTERNATIONAL SCIENTIFIC CONGRESS .
WINTER\SES@I\ON r
|

e

I:-.I..l Wi

11 14.03; 2‘0‘2'0"80“10\'“8 Blllﬁﬂﬁlf

U

0 - .””".‘- —

-
M Y

L
-

/'?;uuwvwvwvrrrF—~ﬂu
* o

4 33
St
NN

\,

LR S . i

bR T 5,
Pl

AR

. ""_-\
— S b A % . A

IR
¢ﬁi
\

Y
NN
Y

NN T A N N
by

- _ o
x WY
N N R AT

o
x|
AN

N

......
......

SCIENTIFIC-TECHNICAL UNION OF MECHANICAL ENGINEERING - INDUSTRY 4.0
BULGARIA



INTERNATIONAL SCIENTIFIC CONFERENCE
MACHINES. TECHNOLOGIES. MATERIALS

11-14.03.2020, BOROVETS, BULGARIA

PROCEEDINGS

YEAR |11, ISSUE 1 (16), BOROVETS, BULGARIA 2020

VOLUME |
MACHINES. TECHNOLOGIES. MATERIALS

ISSN 2535-0021 (PRINT)
ISSN 2535-003X (ONLINE)

PUBLISHER:

SCIENTIFIC TECHNICAL UNION OF MECHANICAL
ENGINEERING
INDUSTRY-4.0

108, Rakovski Str., 1000 Sofia, Bulgaria
tel. (+359 2) 987 72 90,
tel./fax (+359 2) 986 22 40,
office@mtmcongress.com
www.mtmcongress.com



INTERNATIONAL EDITORIAL BOARD

Chairman: Prof. DHC Georgi Popov

Members:

Acad. lvan Vedyakov
Acad. Yurij Kuznetsov
Prof. Aleksander Mihaylov
Prof. Anatoliy Kostin

Prof. Adel Mahmud

Prof. Ahmet Ertas

Prof. Andrzej Golabczak
Prof. Boncho Bonev

Prof. Gennady Bagluk
Prof. Detlef Redlich

Prof. Dipten Misra

Prof. Dmitry Kaputkin
Prof. Dmitry Dmitriev

Prof. Eugene Eremin
Prof. Ernest Nazarian
Prof. Juan Alberto Montano
Prof. Esam Husein

Prof. llir Doci

Prof. lvo Malakov

Prof. Katia Vutova

Prof. Krasimir Marchev
Prof. Leon Kukielka

Prof. Lyudmila Ryabicheva
Prof. Milan Vukcevic

RU
UA
UA
RU

TR
PL

BG
UA
DE

RU
UA
RU
AM
MX

KO
BG
BG
USA
PL
UA
ME

Vice Chairman: Prof. Dr. Eng. Tsanka Dikova

Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.

Mihail Aurel Titu
Mladen Velev
Mohamed EI Mansori
Movlazade Vagif Zahid
Nikolay Dyulgerov
Oana Dodun

Olga Krivtsova
Peter Kostal

Raul Turmanidze
Renato Goulart
Roumen Petrov
Sasho Guergov
Seiji Katayama
Sergej Dobatkin
Sergej Nikulin
Stefan Dimov
Svetan Ratchev
Svetlana Gubenko
Sveto Cvetkovski
Tale Geramitchioski
Vadim Kovtun
William Singhose
Yasar Pancar

Wu Kaiming

RO
BG
FR
AZ
BG
RO
Kz
SK
GE
BR
BE
BG
JP
RU
RU
UK
UK
UA
NM
NM
BY
USA
TR
CN



MACHINES. TECHNOLOGIES. MATERIALS. 2020

Exploration of the possibility for using animal manure as alternative fuel in pig farm

Konstantin Kostov *
Faculty of Engineering and Pedagogy of Sliven, Technical University of Sofia®

kostov_77@abv.bg

Abstract: The increasing demand for local products is forcing farmers to expand their production, which also increases the waste
generated by the animal husbandry process. The utilization of organic waste from livestock farms is a serious task for farmers, and they need
to look for alternative methods of treatment. In this paper, we consider the possibility of applying sludge from a pigs farm for fattening.
Samples of dried to room humidity sludge taken from a pig manure metal lagoon were examined. The purpose of the study is to evaluate the
prospect of sludge as an alternative fuel for the pig farm. A thermogravimetric (TD) and differential thermal (DTG) analysis method was
used to investigate the sediment. These methods of analysis were used because of the wide range of information provided and the possibility
of qualitative and quantitative analysis. The types of phase transitions in the processes of heating and cooling, the temperature interval, the
time for their flow and the amount of heat absorbed or released are investigated.

Keywords: DUNG, THERMOGRAVIMETRIC, DIFFERENTIAL - THERMAL ANALYSIS, ALTERNATIVE FUEL

1. Introduction

In Bulgaria, pig farming is industry with traditions which, after
a long period of decline, are already one of the most promising
branches of livestock breeding. At present, domestic production
accounts for around 40% of domestic demand, with all prerequisites
for this share to exceed 60% in the coming years and to continue to
grow [1], [2]. The basis of this upward development, is the strong
domestic demand and the relatively high prices of local produce.
High investment activity, low production facilities and appropriate
conditions can be used to attract new investment in the sector.
However, in line with EU legislation, investors face the issue of the
generated sludge from livestock farming, creating a new
environmental problem that needs to be addressed. Although sludge
is traditionally treated as a waste management problem in most EU
countries, sludge deposition is gradually declining, as the sludge
reuse trend, as a fuel, gains value. The industrialization of pig
production comes hand in hand not only with improved efficiency
but also with serious environmental challenges. A larger farm also
means more bio-waste to be collected, stored safely and utilized.
Unfortunately, agricultural land that can be enrichment with
livestock manure is constantly decreasing in the world and the
management of this waste is becoming more and more problematic
(31, [4], [10].

Modern equipment for removal the manure at pig farms in
Bulgaria meets the requirements of European legislation (Directive
91/676 / EEC) and usually includes a fertilizer pump and a fertilizer
storage lagoon. Dewatering wet the fertilizer, is mechanically via
screw presses. To remove the chemically bound water at dewatering
of the sludge, takes place processing with organic polymer
(flocculants). Polymers are supplied in powder form and are
prepared in the form of a rare aqueous solution, which is dosed to
the slurry at the inlet of the presses. Organic polymers used in
mechanical dewatering bind the particles of the sediment with long
molecular chains and cause an effect "fluidity" of the dewatered
sludge. The obtained mixture with a jelly-like consistency is
deposited on dehumidifying fields and although it initially
accumulates at “"stacks" after one to three days it "slops” to a flat
surface [5], [6]. The main purpose of sludge dewatering is to reduce
their volume, which facilitates their transportation and, accordingly,
recovery or incineration.

2. Materials and experimental procedure

The object of the present study are samples of dried sludge
(humidity 7%) taken from a fertilizer metal lagoon in the village of
Mechkarevo, municipality Sliven. The pig farm was built in 2014
and has a capacity of 1400 animals. The fertilizer metal lagoon has
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a capacity of 1100 m?, its capacity being designed in a way that
there is no spillage.

The Thermogravimetric (TD) and Differential - Thermal (DTG)
method of analysis was wused for sludge analysis.
Thermogravimetric (TD) method can be used to investigate any
process that changes the mass of the sample when heated without
melting. The change in mass is used for quantitative analysis and
the temperature the change at which occurs for qualitative analysis.
The Differential Thermal (DTG) method of analysis is applicable
for qualitative and quantitative analysis of all types of materials.
The processes of melting, boiling sublimation are investigated.

The type of phase transitions, in the heating and cooling
processes, the temperature interval, the time of their flowing and the
amount of absorbed or separated heat are studied [7]. The aim of the
study is to assess the prospect for the sludge as an alternative fuel
for the needs of the pig farm.

The general appearance of the laboratory installation is
shown in figure 1. Differential thermal analysis is the most
commonly used thermal analysis method due to the wide range of
information provided [8], [9]. The high temperature analyser is
designed to provide maximum calorimetric sensitivity, short time
constants, and a non-condensing sampling chamber.

The thermal impact of the samples is from 23°C to 800°C in an
atmosphere N,/O,/N, at heating rate 10°C/min. It is investigated of
sludge from the holding's wastewater was examined, upon entering
the fertilizer metal lagoon.

Fig.1. DTA analyzer
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3. Results and Discussion

Figure 2 shows (TG) and (DTG) curves for the sample. Stand
out are three characteristic stretches.

The first one starts at room temperature and ends at a
temperature 225°C. As a result of heating in an inert environment,
the (TG) curve shows a loss of mass 7,011%. This is explained by
the evaporation of a different in origin moisture. The most intense
moisture loss was observed at 72,23°C from 1,23%/min. It can be
assumed that the release of moisture ends up 175,9°C, then by the
end of the temperature range of mass loss is negligible.
Understandably, the dehydration process is accompanied by a
pronounced endothermic effect reported on the (TG).

The second region is in the temperature range of 225°C to
550°C. 1t is characterized by an intense mass loss due to combustion
of combustible components. Curve (TG) clearly can be divided into
two regions with an inflection point at 381,1°C. Until this
temperature is recorded mass loss 29,78% with extreme at 277,9 °c
by 2,97 %/min. There follows a second stretch, at the end of which

the loss of mass reaches 58,43% with a maximum of 504,5°C by
3,82 %/min. Understandably, incineration is accompanied by a
pronounced exothermic effect. The curve of (DT) in this
temperature range has two characteristic peaks - one at 339,1°C by
1,95 mW/mg and second at 501,6°C by 13,3 mW/mg, as between
the two extreme exothermic values at 390,3°C there is a local
minimum of 1,0103 mW/mg. Obviously it is about two parallel
processes, the kinetics of which overlap in this temperature range. It
seems plausible to explain that the first peak is associated with
combustion of the volatiles, while the second, where the exothermic
effect is much more pronounced, is related to the burning of the
coke residue. It is known that the volatiles burn in a distinct front at
a rate determined by molecular diffusion, whereas the burning of
the coconut residue proceeds through the significantly slower
sorption and adsorption process of the oxidant on the surface of the
coke particle. It can be grounded assumed that the endo effect
between the two peaks is due to pyrolysis and thermal destruction in
the remainder of the material after the burning of the volatiles.
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Fig.2. TG and DTG curves of the test sample

The last stretch of 560°C to 790°C runs at a moderate rate of
mass reduction. The explanation is that after 560°C in the sample
there is left only a non-combustible mineral mass, the destruction
of which proceeds with an endothermic effect. The determined
calorific value of the sample is 7557 J/g.

The calorific value of sludge obtained is commensurate with
that of lignite coal, but it should be noted that the moisture
content of the sludge is 90% and that of coal reaches 40%. The
high amount of moisture is a prerequisite for finding another way
to utilize them. Extraction of biogas from manure is a good
alternative [11]. The introduction of a biogas plant, despite the
large initial investment, expands the use of renewable energy
sources. The process of processing animal manure is
fermentation in an anaerobic environment, in which the incoming
organic materials are broken down into their constituent units.
The process is carried out in a bioreactor and the final result of
the fermentation is the production of biogas and other organic
products.
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There are several ways to utilize the biogas from pig farms.
The easiest way on use the biogas is the burn it directly in boilers
to provide hot water for the farm's technological needs, as well as
for heating the buildings.

Another way to apply biogas is a cogeneration, based on an
internal combustion engine. This type of installation allows
farmers to generate on-site electricity and heat that can largely
meet their own energy needs. Essential to the technical efficiency
of cogeneration systems is the requirement of a constant heating
load, which ensures the design operation of the engine and
generator. Recently, schemes are being developed to allow the
utilization of part of the high-temperature (up to 150 ° C)
production gases in air-conditioning and industrial installations
with absorption, sorption and / or compressor refrigeration
machines - the so-called three-generation schemes. They
guarantee a constant heat load in the summer and increase the
usability of the cogenerator.
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4. Conclusions

The development of animal husbandry in Bulgaria
necessitates the improvement of the systems and methods of
treatment of sludge from animal husbandry. The methods of
manure treatment considered are applicable, but in carrying out a
thorough technical and economic analysis and taking into
account the specific features of each livestock farm. The design
and construction of the facilities must take into account the
capacity of the farm, the way the animals are kept, the amount of
litter used.

Based on the results of thermogravimetric (TG) and
differential thermal (DTG) analysis, it can be concluded that the
use of sludge as an alternative fuel is possible, since their
calorific value is commensurate with that of the lignite coal , but
it is should be noted that the moisture in the working mass is 90%
and for coal it reaches 40%. The dehydration of the sludge will
bring additional costs to farmers and it would be more
appropriate to use sludge in agriculture as organic fertilizer and
to reclaim disturbed land. However, this treatment leads to the
accumulation of manure in the holding, as it must remain for 6
months before being introduced into the soil.

The implementation and use of biogas plants for combined
heat and power production are of great potential, as they solve
several major problems of livestock facilities - the accumulation
of manure, meeting the hygiene requirements for animal
husbandry, and energy independence and energy efficiency.
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