Theory and Building Practice

Vol. 3, No. 1, 2021

https://doi.org/10.23939/jtbp2021.01.029

Yuriy Furdas!, Khrystyna Kozak!, Olena Savchenko?, Mariia Lunyk!, Mykola Hensetskyi?

THE USE OF AGRICULTURAL BIOMASS
AS A SOURCE FOR BIOGAS PRODUCTION

Lviv Polytechnic National University,
! Department of Heat, Gas Supply and Ventilation,
cr__i@ukr.net
2 Technical and Economic College
Lviv Polytechnic National University

O Furdas Yu., Kozak K., Savchenko O., Lunyk M., Hensetskyi M., 2021

As raw materials in bioenergy can be used agricultural residues formed in the process of
harvesting crops and in the process of their processing, in particular straw cereals, legumes, corn and
sunflower seeds, etc. For energy needs, agricultural biomass is used by burning or processing into
solid, liquid or gaseous fuels. In the production of gaseous fuel in special plants — bioreactors, from
agricultural waste is formed not only a source of energy — biogas, but also excellent fertilizers.

In this article, studies have shown that the amount of biogas produced depends on the type of
biomass and fermentation time. The largest amount of biogas is produced within 10 days from the date of
loading of organic biomass. It was found that the highest daily biogas production is formed from grass and
grain silage, the maximum value of which is 1.76 m3. The smallest — from rapeseed silage — 0.33 m®.
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Introduction

Ukraine has significant amounts of land resources for agricultural production. It is able not only to
provide its people with food, but also to produce raw materials for bioenergy. The main source of energy
in bioenergy is biomass, that is, recovered organic matters that can be biodegradable. The waste and the
remnants from agriculture, wood waste in forestry, woodworking and pulp and paper industry, energy
crops, organic parts of industrial and household waste are used as biomass (Chernukha et. al., 2016;
Savchenko et. al., 2018). The use of biomass has several advantages: it is a renewable energy source; its
use will reduce the amount of waste from various sectors of the economy, during combustion of biomass
does not produce gases that contribute to the greenhouse effect, and thus improves the environmental
status of the environment. At present, the share of renewable energy sources in the energy balance of
Ukraine is negligible at 3—4 %, but the amount of biomass in renewable energy sources can be up to
20 %. In Ukraine, the first place in the use of biomass is wood — 88 %. Another important component of
the biomass potential in Ukraine is agricultural waste of crop and livestock. Crop waste is divided into
primary and secondary (Litvak, 2015). Primary agricultural waste includes straw of cereals, legumes, corn
and corn grain waste and sunflower. They are formed directly in the process of harvesting the crops
concerned. Secondary agricultural waste includes waste that is formed during the processing of harvest
(sunflower husk, rice peel, pulp of sugar beet, etc.) (Soroka et. al., 2016).

For the production of thermal or electric energy biomass from agricultural waste is used directly by
burning or by processing into solid, liquid or gaseous fuels.

The easiest way to get useful energy from biomass is direct burning. The main drawbacks of this
method are the difficulties associated with the provision of automatic fueling, the need for constant
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attention from users, the pollution of the environment with smoke and soot, that is, requires a special
design of boilers (Bodnar et. al., 2015).

The agricultural biomass that is pelletized or briquettes is used as a solid biofuel (Niedziolka and
Dakhnovskaya, 2014). The process of pellet formation takes place in pelletizing presses and consists of
pressing the crushed biomass into the compression channel as a result of the interaction of the roller and
the material layer between the roller and the matrix. Wood, husk, straw and reeds are used as raw
materials in the fuel briquettes production, which is pressed in press-brackets.

To liquid biofuels are bioethanol and biodiesel (Gelotukha et. al., 2011). The raw material for bioethanol
production is products containing starch, sugar or cellulose. Biodiesel fuel is a product of the transesterification
of plant oils and is a mixture of methyl or ethyl esters of fatty acids. It can be used in its pure form, or as a
mixture with conventional diesel fuel in any proportions. Raw materials for it are plant oils.

The production and use of biogas is an effective way of supplementing and replacing traditional fuel
and energy resources. Biogas is very convenient to use and is used on decentralized block heating plants
for electricity supply and heat supply or can be supplied to an existing gas transmission network.

The purpose of the article

The aim of the article is to investigate the amount of biogas output from different agricultural
biomass with a variable period of its loading into the bioreactor.

Methology

Biogas is a flammable multicomponent gas consisting of methane (50-75 %), carbon dioxide
(25-50 %), water vapor (0-10 %), nitrogen (0.01-5 %), oxygen (0.01-2 %), hydrogen (0-1 %), ammonia
(0.01-2.5 mg/m?) and hydrogen sulfide (10-30 mg/m?) (Panchuk and Shlapak, 2016), (Guangtao Wang,
2010). Biogas is formed as a result of anaerobic (without access to oxygen) decomposition of organic
biomass. The process of biogas production takes place in four stages (Perederiy, 2008):

1. The stage of hydrolysis (splitting) of complex biopolymer molecules into simpler oligo- and
monomers.

[C6H1005In +nH,0 =nCgH1,04 1)

2. The fermentation stage: the oxidation of the monomers formed in the first stage to the more
simple substances, while carbon dioxide and hydrogen are also formed.

3. Acetogenic stage — the reproduction of acid-forming bacteria, in which the direct precursors of
methane are formed: acetate, hydrogen, carbon dioxide.

C6H1206 +2H2022CH3COOH +2C02 +4H2 (2)

4. The methanogenic stage is the multiplication of methane-forming bacteria, which leads to the
receipt of the final product — methane.

CH3COOH =CH,4 +CO, (3)
4CH,4 +CO, =CH4 +2H,0 4)

The amount of biogas yield is influenced by four groups of factors: biological (type of biomass —
its organic and moisture composition, microflora composition, living conditions of microorganisms),
physical (fermentation temperature, pressure in the biogas plant, hydraulic regime), chemical
(concentration, acidity, content) volatile fatty acids in the biomass, the volume and composition of
biogas produced) and organizational and technological (dose of daily loading of new portions of
organic matter, the load on the ash substance, residual substances, the presence of the mixing process
of raw materials, etc.).

Anaerobic fermentation of organic matter occurs in biogas plants, the main element of which is a
bioreactor. Constructions of bioreactors are quite diverse and are differ:

— from form of the reactor: egg-shaped, cylindrical, trench, cubic, elastic;

— from reservoir placement: with a horizontal or vertical reservoir;
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— by the number of chambers: one-chamber and two-chamber;

— from construction material : concrete, glassplastic, metal;

— from mixing method: with mechanical, hydraulic or bubbling mixing;

— from method of heat exchange: heating by hot water, heating by steam, electric heating;

— from volume of processing raw materials: centralized and individual.

When choosing the shape, size and design of a bioreactor, the following factors are considered first
and foremost: the mass flow rate of the substrate when filling; the given biogas output or the degree of
fermentation of the substrate as a function of the concentration of dry matter, loading of the working
space, the time of the digestion cycle and the intensity of mixing; used production system; level of
mechanization.

For the production of biogas, you can use any organic biomass, and the technology of anaerobic
fermentation can obtain a source of energy in the form of biogas, high quality fertilizers and protein-
vitamin feed additives, as well as solves environmental problems in agriculture.

Results

Despite the unstable situation in the energy sector and a significant amount of biomass in Ukraine,
the percentage of use of agricultural residues as an energy resource does not exceed 2 %. In the process of
harvesting, the grain part of the agricultural plant is separated from the stem, with part of the straw is
collected, and the other — remains in the form of stubble in the field. The collected straw can be used for
livestock (underlay and rough livestock feed), as organic fertilizer, for growing mushrooms in closed soil.

The unutilized remnants in Ukraine is often burned in the fields, which leads to the destruction and
degeneration of organic matter of the soil, the strengthening of erosion and deflationary danger, the
destruction of stubble residues as organic fertilizers and sources of organic matter remediation, the
destruction of the natural fauna of the soil and soil microbiological fauna, air pollution basin by products
of burning stubble and straw.

Among the waste of plants that bring the greatest energy potential are straw of grain crops, corn
waste (stems, leaves) and sunflower waste (stems, baskets), therefore it is expedient to use them as an
alternative source of energy in bioenergy (Zhelykh and Furdas, 2011).

For the production of biogas from crop residues, a bioreactor design was developed, the scheme
and general view of which is shown in Fig. 1 (Xue et. al., 2017).

Fig. 1. Bioreactor scheme:
1 —reservoir; 2 — means of mixing; 3 — download branch pipe;
4 — discharge branch pipe; 5 — valve; 6 — hatch; 7 — biogas exit pipe;
8 — heating system; 9 — hatch; 10 — a layer of thermal insulation
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The bioreactor works as follows. The prepared straw of agricultural plants feeds through the branch
pipe 3 to the reservoir 1. Inside the reservoir 1, the biomass is mixed by means of mixing 2 and heated
using a heating system 8. To maintain the required biomass temperature, the reservoir is insulated with a
layer of thermal insulation 10. After the process of anaerobic fermentation in the reservoir 1, biogas is
formed, which by the biogas exit pipe 7 flows to the consumer. If necessary, excess biogas is discharged
into the atmosphere through the valve 5. Exhausted straw of agricultural plants is removed through the
discharge branch pipe 4. Purification and revision of the inner volume of reservoir 1 are carried out
through hatches 6 and 9, if necessary. Such a construction of a bioreactor allows for efficient mixing and
heating of straw of agricultural plants, which allows increase work efficiency and reduce the energy
consumption of a bioreactor.

Of course, the most important characteristic of a bioreactor is the ability to produce a certain
amount of biogas. It is this property, that interests engineers and potential owners of this equipment. To
determine the estimated volume of biogas produced, the method of determining the volume of biogas
from solid household waste and its adaptation to agricultural plant waste is used. The initial data for the
calculation are the biomass temperature, °C; biomass humidity W, %; ash content of dry straw of agricultural
plants A, % (Zhelykh et. al., 2019).

Calculations were performed for a bioreactor with a volume of 1.2 m3 The thermophilic
temperature regime inside the bioreactor, which was maintained at 50 °C, was adopted. The biomass
loading of biomass was 1 m®,

Table
Biogas yield depending on the fermentation time from 1 m? of bioreactor
T, days Corn silage S{:;Z RZE)IZZ?d S:LZ::SH Sﬁ;;il Cloversilo | Grainsilo
2 0.12 0.15 0.02 0.03 0.16 0.07 0.11
5 1.46 1.76 0.28 0.38 1.76 0.90 1.36
10 1.44 1.66 0.33 0.43 1.57 0.96 1.36
15 1.25 1.40 0.32 0.41 1.29 0.87 1.18
20 1.08 1.19 0.30 0.38 1.07 0.78 1.03
25 0.95 1.03 0.28 0.36 0.92 0.70 0.91
30 0.84 0.90 0.26 0.33 0.80 0.63 0.81
35 0.75 0.80 0.25 0.31 0.71 0.58 0.73
40 0.68 0.72 0.23 0.29 0.63 0.53 0.66

The daily yield of biogas, Vs, m3, depends on the type of agricultural plants and the fermentation
time 1. The Table shows the value of biogas yield from corn silage, grass silage, rapeseed silage, silo beet

leaves, cereal silage, clover silo and grain silo (Table).

Based on the obtained data, the maximum values of biogas yield for the above biomass were
summarized in a summary diagram (Fig. 2).
As can be seen from Fig. 2, the largest amount of biogas is formed when loading raw materials
every 10 days from the silage of grass and cereals, with a maximum value of 1.76 m®. The smallest

amount of biogas is formed from rape silage — 0.33 m? and silage beets 0.43 m®,
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Fig. 2. The maximum daily value of biogas output from agricultural biomass, Vg, m®

Conclusions

The design of a bioreactor for obtaining biogas from agricultural biomass is proposed and the
amount of biogas produced in the bioreactor from different species of agricultural plants for different
values of the duration of the fermentation process is determined. Studies have shown that the amount of
biogas produced depends on the type of raw material, its organic and moisture component, as well as the
fermentation time. The largest amount of biogas produced was obtained within 10 days from the date of
loading of organic biomass. It was found that the largest amount of biogas is formed from grass and grain
silage, the maximum value of which is 1.76 m?. The smallest amount of biogas is formed from rape silage —
0.33 m?.
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BUKOPHUCTAHHSA CLJIbCBKOI'OCITIOJJAPCHKOI BIOMACH
JJIs1 BUPOBHUIITBA BIOT'A3Y
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YkpaiHa Mae 3HauHI 0OCSTH 3eMENBHUX PECypCiB AJISA CLIBCHKOTO TOCIIONApCTBa Ta 3/1aTHa 3abesre-
YUTH CBO€ HACEJICHHS HE TUTBKH DKEIO0, ajle 1 CHPOBUHOIO I OioeHepreTUKU. SIk cupoBHHA B Gl0€HEepreTHl
MOXYTh OYTH BHKOPHCTaHI BiIXOJH Ta CITbCHKOTOCTIOAAPCHKI 3aIHIIKH, SIKi YTBOPIOIOTHCA i Yac 30upaHHs
CUIBCHKOTOCTIOIAPCHKHUX KYJIBTYp Ta B MpoOIEci iX nepepoOKH, 30KpeMa cojioMa 3JIaKOBUX KYJBTYP, 3€pHO-
6000BUX KyIbTYp, HACIHHA KYKYPYA3H Ta COHALIHWKY, JYLIIIUHHS COHSIIHUKY, M IKOTh IIYKPOBUX OYpsKiB
Tomo. /[ eHepreTHUHUX MOTped Giomacy Ge3nmocepeHbO CIaMOITh a00 MepepodSIoTh Ha TBEpAE, piake
a00 razonoiOHe ITaJINBO.

ITin yac BUpOOHHUIITBA Ta30MOIIOHOTO TMAJMBa i3 CUTLCHKOTOCIONAPCHKUX BiXOIB YTBOPIOETHCS HE
TITBKH JPKEpesIo eHeprii — 0ioras, aje i BUCOKOSKICHI JOOpHBa, SIKi MOKHA BUKOPHCTOBYBATH Ui BIACHUX
motpebd um mpoaaBaTH (epMepchKiM TocmoaapctBaM. [Iporec BupoOHUITBa Oiorasy BimOyBaeTbes y Oio-
peakTopax, KOHCTPYKIIi SIKHX JOBOJI Pi3HOMAaHITHI ¥ BiIpi3HAIOTHCS 332 (OPMOIO, MaTepialoM, CHOCO-
6aMu 3MilIyBaHHS Ta HarpiBaHHA OioMacH, 00CITroM NmepepoOKH CHPOBUHH.

VY wmiit crarti s BUPOOHUITBAa Oiora3zy i3 CUTBCHKOTOCIONAPCHKOI OioMacH 3alpOIIOHOBAHO KOH-
CTpYKIito OiopeakTopa, Mo ae 3MOTy €(EKTHBHO 3MIIIYBATH Ta MPOTPIBATH OPTaHIYHY CHPOBUHY IS
i/IBUILEHHS epeKTUBHOCTI poOOTH GiopeakTopa Ta 301IbIIeHHS BUXOAy Oiorasy.

AHaJITUYHI JTOCHIIKEHHS MOKa3alH, M0 KiIbKICTh BUPOOIEHOTO 6iorasy 3ajekuTh Bif BUIY CHPO-
BHHH, ii OPTraHIYHOI Ta BOJIOTICHOI CKJIa0BOI, a TaKOX 4acy OponinHsa. Hait0inpmry KidbKICTh BUPOOICHOTO
6iorasy otpumano npotsarom 10 mHIB 3 AaTH 3aBaHTaKCHHs OpraHidyHoi Oiomacu. BeTaHOBIIGHO, 110 MaKCH-
MajbHa KiTbKICTh 0iora3y yTBOPIOETHCS i3 TPaB’SHOTO Ta 3€PHOBOTO CHUJIOCY, BHXija OiomanwBa CTAaHOBHTH
1,76 m®. HaiimMenma KinbKicTh 6iorasy yTBOpPIOEThCA 3 pimakoBoro cunocy — 0,33 M% a Takox CHJIOCHOTO
Oypsakosoro mucts — 0,43 M3,

Kamouosi cioBa: 6iomaca, 6ioras, diopeakTop, ciibcbkorocnogapcbka oiomaca, yac 0OpoaiHHs,
Oioenepris.



