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PRODUCTION OF SOLID BIOFUELS FROM GRAIN
PROCESSING WASTES

Abstract

The article is devoted to the issues of solid biofuel production. The classification of biomass used in the pro-
duction of solid biofuels by origin is given. The main types of grain waste in the southern region for the production of
solid biofuels are identified.

The article analyzes the soybean market in the world and Ukraine, shows the trend of growing soybean pro-
duction, which is caused by the growing demand for food and feed purposes. Soybean yield indicators in Ukraine are
analyzed and it is found that Kherson region is one of the leaders of soybean yields for 2019. It is shown that in soybean
cultivation in Ukraine a considerable amount of secondary resource is obtained - straw, as a by-product of crop pro-
duction. It is established that the average yield of rice of Kherson region prevails in Ukraine, a large amount of rice
husk is formed during processing of raw rice.

Physico-mechanical properties of rice husk and soybean straw have been determined. The possibility of pro-
duction of fuel briquettes from the waste was considered, technological scheme of production of fuel briquettes from
waste, which are formed at the enterprises of processing industry and by-products of crop production is given.

The technology of production of fuel briquettes from soy straw and rice husk was introduced at the enterprise
of Kherson region, which is engaged in cultivation and processing of soybeans and rice. Quality indicators of fuel bri-
quettes were determined: humidity, ash, sulfur, carbon content, volatile matter yield and specific combustion heat. It is
established that the quality of fuel pellets is significantly influenced by humidity, degree of grinding and physical and
chemical properties of raw materials. When the moisture content of raw materials more than 14% decreases the density
of the granules and, due to the evaporation of moisture, cracks appear in the granules, which reduce their strength.
With the reduction of the average particle size of the biomass to 2 mm, the quality of the fuel products increases, but the
fine fraction of the biomass of the matrix is erased.

The heat of combustion of the obtained solid briquettes exceeds the normative values of European standards at
a level not lower than 18 MJ / kg. Ash content (0.5 %), normalized by European standards, is practically unavailable
for Ukrainian producers, fuel briquettes made from soy straw and husks have higher normalized ash values in accord-
ance with 7.0 and 14.0 %, which reduces their quality indicators.

Keywords: waste, rice husk, soybean straw, technology, biofuels, briquettes, quality.

Introduction. Formulation of the problem equivalent, agrobiomass - 8039 thousand tons of oil
Today, Ukraine remains an energy-scarce state, equivalent [7]. The potential of wood biomass depends
covering its energy needs by approximately 53%, while on the level of development of the wood processing in-
importing 75% of the required volume of natural gas and dustry in the region, as well as on the level of logging.
85% of crude oil and petroleum products [1, 2]. For agrobiomass, the main factor affecting the potential
Primary energy shortages should be actively is the annual yield of agricultural crops, which fluctuates
covered by renewable energy sources. Biomass is a significantly depending on the climatic conditions every
significant component of renewable energy sources and year.
has great potential, attracting which can satisfy 13-15%
of the state's demand for primary energy [3, 4]. The purpose and objectives of the study
According to the Best Practices and Methods The purpose of the work is the development and
Handbook of BEE - Biomass Energy Europe, there are implementation of technology for the production of solid
four categories of biomass for energy use. In Fig. 1 fuel briquettes from grain processing waste.
shows the classification of biomass by its origin [5, 6]. To achieve this goal it is necessary to define the
Agrobiomass includes waste from agriculture, following tasks:
food and grain processing industries. The greatest poten- * substantiate the choice of raw materials for the
tial of agrobiomass is in the central, southern and south- production of solid fuel briquettes;
eastern regions of Ukraine, where agriculture and the * to develop a scheme of technological process
food processing sector are developed. The total potential of production of solid fuel briquettes from grain pro-
of wood biomass in 2016 was 1378 thousand tons of oil cessing waste;
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Fig. 1 - Classification of biomass by origin

* determine the physical properties of raw mate-
rials for the production of solid fuel briquettes;

* introduce the technology of production of solid
fuel briquettes from soybean straw and rice husk at the
enterprise;

* determine the fuel characteristics of solid soy-
bean briquettes and rice husks.

Literature review

In Ukraine, more than 50 million tonnes of ce-
reals are harvested annually, with straw and vegetable
waste as a by-product of agricultural crop, respectively.
The annual technically achievable energy potential of
solid biomass in Ukraine is equivalent to 18 million
tonnes, and its use makes it possible to save about 22
billion cubic meters annually of natural gas. To deter-
mine the yield of straw and plant residues use the coeffi-
cient of waste - the ratio of straw yields or stems of
plants to grain yield. According to various estimates, 1.5-
2.0 tonnes of straw or vegetable residues can be obtained
per ton of grain [8].

Soybeans are traditionally referred to as one of
the most common leguminous crops in the world, sowing
more than 120 million hectares each year. The leaders of
soybean cultivation are the USA, Brazil, Argentina. It
should be noted that the United States produces 120.5
million tonnes, which is more than 30% of world soy-
beans (Fig. 2) [9, 10].

Ukraine is the leader in soybean production in
Europe and ranks 9th in the production of legumes in the
world. The price of Ukrainian soybeans for export is 348
US. USD / t is the lowest among the leaders of producers
- USA, Brazil and Argentina (Fig. 3) [10].

The soybean market is one of the most im-
portant for Ukraine's agricultural production. Over the

49

past 10 years, soybean acreage has more than tripled,
reaching 3.7 million hectares (as of 2019), accounting for
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Fig. 4 - Rating of areas by average soybean yield (as of September 20, 2019)

8.5% of all crop area. In 2019, soybeans harvested 3.7
million tonnes with an average yield of 2.35 tonnes / ha.
The highest soybean yields were recorded in the farms of
Zaporizhzhia (3.29 t / ha), Kherson (3.26 t / ha) and
Rivne (2.81 t/ ha) regions (Fig. 4) [11].

As the Kherson region holds the leading posi-
tion in Ukraine on soybean yields, straw is the main
source of biomass in the region, as the primary waste of
soybean processing. It is advisable to use soybean straw:

v’ as an organic fertilizer to support soil fertili-

ty;

v' for the needs of animal husbandry as rough

animal feed and litter;

v’ for energy needs.

Another type of agricultural biomass waste is
secondary waste that is generated by grain processing
companies. Such waste, characteristic of the Kherson
region, can be attributed to rice husk. About 600 million
tonnes of rice husk are produced annually in the world as
a result of threshing. Utilization of rice husk is an urgent
problem worldwide, especially in countries where rice is
a major cereal product (China, India, Egypt, South Ko-
rea, Africa, Uzbekistan).

The rice husk accumulates at the raw rice
processing plants located near this crop. As of the
beginning of November-2019, the average yield of rice in
the Kherson region was 62 ¢ / ha, while in Ukraine it was
58 c/ha[ll].

Object and subject of research

The objects of the research were raw materials:
rice husk, straw (soybean) soybeans and solid fuel bri-
quettes from them, which were obtained in the produc-
tion conditions of LLC “Agrofirm Bulyuk” (Kherson
region). The subject of research was the technology of
production of solid fuel briquettes from grain waste.

The main physical and mechanical properties of
sealing materials, which depend on the choice of techno-
logical modes of production and quality of solid fuel bri-
quettes include: mass fraction of moisture, fractional
composition, content and type of constituent compo-
nents, which were determined by standard methods [15],
the qualitative indicators of fuel characteristics of
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Table 1 - Methods for determining the fuel
characteristics of briquettes

Parameters

Method of determination

Moisture
content, %

GOST R 54186-2010 «Solid biofu-
els. Determination of moisture con-
tent by drying. Part 1. Total mois-
ture. Standard Method» in an auto-
matic humidifier to a constant mass
of samples at a temperature of

+40 °C and +105 °C.

Ash content, %

GOST R 54185-2010 «Solid
biofuels. Ash determination» by
annealing the dried sample sample
in the presence of air at + 550 °C.

Carbon and
sulfur content,
%

The determination was carried out
on a carbon and sulfur analyzer
based on the combustion products
of Leco CS 230.

The yield of
volatile sub-
stances, %

It was determined by the mass loss
during rapid heating of the samples
to + 420 ° C without air access.

Calorie
parameters,
kcal / kg

The determination and samples
were performed on the IKA C2000
calorimeter according to its

instruction, which meets the
requirements of GOST 147-95.

briquettes were determined by standard methods accord-
ing to table. 1.

Results and its discussion

Primary and secondary wastes play a significant
role in the production of solid fuel briquettes. The results
of determining the physical and mechanical properties of
the raw material - rice husks and soybeans (soybeans) are
presented in Table. 2, which shows that the sealing mate-
rials are not of a permanent nature, and therefore may
differently manifest themselves depending on various
factors and directly affect the quality of finished solid
fuel briquettes. Moisture content of 10.0... 11.5% indi-
cates that fuel briquettes can be obtained by dry bri-
quetting.
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Table 2 - Physical indicators of raw materials

Parameters Rice husk || Straw (soybean) soy
Bulk mass, kg / m3 125 55
Moisture 10,0 11,5
content,%

Particle size, mm 6 22
Density, t / m3 1,01 0,75

The technology of production of solid fuel bri-
quettes from soybean straw and husks of rice was intro-
duced at the enterprise of LLC "Agrofirm Bulyuk"
(Kherson region), which is engaged in growing soybeans
and rice. The technological scheme of production of solid
fuel briquettes is presented in fig. 5 and includes the fol-
lowing technological operations: receiving, grinding,
calibration, drying of raw materials, pressing of raw ma-
terials into briquettes, cooling and packaging [5, 12, 13].

Acceptance of raw materials.

Raw materials are received at the site, the di-
mensions of which should allow at least daily accumula-
tion of biomass to be accumulated to ensure timely and
uninterrupted feed for further processing. It should be
borne in mind that if straw is used as feedstock, it may be
packed in rectangular bales or rolls that cannot be manu-
ally moved, it is advisable to use a cargo trolley. There-
fore, the equipment of the site may include auxiliary
equipment for biomass transportation. If the briquetting
line has low capacity and is located near the source of
raw materials, then the raw materials can be delivered in
the form of straw or crushed corn stalks, that is, it is pos-
sible to eliminate the stage of agrobiomass baling and
save on it.

=400

Grinding of raw materials.

At the preparation stage, the grinding of raw
materials is carried out to a fraction that meets the re-
quirements of certain briquetting equipment. It is also
necessary to ensure the absence of extraneous inclusions
in the raw material (metal impurities, stones, sand).

Raw material calibration.

Calibration is required to separate the raw mate-
rial with the required size of the fractional composition.
Drum calibrators with sieve openings up to 5-6 mm are
used for the implementation of this technological opera-
tion. Some manufacturers use sieve shredders to perform
biomass calibration.

Drying of crushed raw materials.

The crushed raw material enters the chamber of
the drying unit. The extraction of excess moisture is car-
ried out by hot air produced by the heat generator, which
can operate both on the biomass itself and on natural gas.
Usually raw materials need to be dried to a moisture con-
tent of 8-14%. There are press briquettes with the possi-
bility of using biomass up to 30% humidity, which can
be achieved with proper storage of biomass, and there-
fore there is no need for a drying operation. Subsequent-
ly, the crushed and dried material enters the battery cy-
clone, where its separation with the coolant occurs. The
spent coolant is released into the atmosphere and the
dried material is fed to the feeder of the press briquette.

Pressing raw materials into briquettes

The formation of a crushed plant mass of strong
briquettes is ensured both by the physico-mechanical
properties of the material and by the conditions of the
briquetting process itself. There are certain requirements
for the quality of the briquette that must be met. This is,
first of all, the density of the briquette (0.8-1.3 t / m3), its
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Fig. 5 - Scheme of technological line of production of solid fuel briquettes:
1 - shredder; 2 - heat generator; 3 - corrugation; 4 - dryer;
5 - press briquette; 6 - the briquette divider
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a
Fig. 6 - Photo of samples of fuel briquettes obtained: a - from soybean straw; b - rice husk

Table 3 - Quality indicators of solid fuel briquettes

Solid fuel briquettes
Parameters -
of soybean straw of rice husk
Dimensions: length / diameter, mm 200/50 200/50
Mass fraction of moisture (drying at + 40 ° C),% 1,96 2,22
Mass fraction of moisture (drying at + 105°C),% 6,58 7,24
Ash (dry state, 105 ° C),% 6,90 14,13
Sulfur content (dry state, 105 ° C),% 0,246 0,108
Total carbon content (dry state, +105 ° C),% 47,05 41,76
Output of volatile compounds (dry state, +105 ° C),% 80,20 74,11
Lower combustion heat (per working state), kcal / kg 3549 3192
Higher combustion heat (per working state), kcal / kg 3880 3502
Lower combustion heat (dry, +105 ° C), kcal / kg 3935 3586
Higher combustion heat (dry, +105 ° C), kcal / kg 4242 3868

humidity, dimensions (diameter, length), as well as the
correct form. After leaving the working body of the
extruder briquette is divided into parts up to 300 mm.

Cooling

In the process of pressing the raw material
reaches a temperature of more than + 70 © C. The higher
the compression force, the higher the temperature of the
briquettes and their better quality. Cooling is required for
the final curing of the finished briquettes, making them
suitable for storage and transport. In some presses, the
briquette moves along the long guide after leaving the
molding nozzle. Total cooling time not more than 2
hours (depending on ambient temperature).

Packing

Making the product look good is an integral part
of the production process. Therefore, at the final stage of
preparation of the briquettes for sale, they are packed into
bags of 25 kg or plastic bags and stacked on pallets.

The obtained cylindrical forms of fuel briquettes
(Fig. 6) were evaluated according to the quality indica-
tors in the laboratory of LLC «Scientific and Service
Firm "Ottawa"», the results of the studies are presented
in Table. 3.

The quality of fuel briquettes (Table 3) is signif-
icantly influenced by the humidity, the degree of grind-
ing and the physical and chemical properties of the raw
material. When the moisture content of the raw materials
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is more than 14% the density of the granules decreases
and due to the evaporation of moisture in the granules
cracks appear, which reduce their strength. With the re-
duction of the average particle size of the biomass to 2
mm, the quality of fuel products increases, but it is
known from the literature that fine biomass contributes to
the firing of the matrix of the briquette presser [14].

The heat of combustion of solid biofuels also
exceeds the normative values of European standards at a
level not lower than 18 MJ / kg [5].

Ash content (0.5%), normalized by European
standards, is practically unavailable for Ukrainian pro-
ducers, fuel briquettes made from soy straw and husks
have higher normalized ash values in accordance with 7
and 14%, which reduces their quality indicators.

Conclusions

Therefore, biofuel production is relevant for
Ukraine, because it has a number of advantages among
other types of fuel, because, first and foremost, it mini-
mizes the use of extractive fuel resources, in its impact
improves the current state of ecology of Ukraine and
potentially affects the development of the domestic fuel
industry and related industries.

The primary potential for utilization in the pro-
cess of processing for bioenergy products is the primary
crop waste. The primary source of biomass in the Kher-
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son region is the primary crop waste, namely soybean
straw, through increased soybean production and yield.
Another type of agricultural biomass waste is secondary
waste, which is generated at the processing enterprises of
the Kherson region - rice husks.

Processing straw into fuel briquettes can solve
many problems. Soybean straw briquettes have a
calorific value per unit volume of almost 10 times greater

of storage of this waste regardless of the time of year,
with transportation, as well as automate the loading
process in the furnace.

The production of biofuels as a specific product
can be successfully established both at the enterprises
where it will be the main product and at the enterprises
whose by-products will be raw materials for its co-
production.

than the feedstock. Briquetting will also solve the issue
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BUPOBHHULTBO TBEPJAOI'O BIOITAJIUBA
3 BIIXO/JIB IEPEPOBKHA 3EPHA

Anomauin

Cmamms npucesuena RUManHAM upoobruymea meepooco bionanusa. Haseoena xnacughikayis biomacu, 5Ky
BUKOPUCTOBYIOMb NPU SUPOOHUYMEE MBEEPO020 DIONAIUBA, 3d NOXOONCEHHAM. Busnayeni ocnosmi 6udu 8ioxodie 3epHa y
nigoenHoMmy peioni 05l UPOOHUYMEa MEepoo2o DioNaIusd.

B cmammi nasedeno ananiz punxy coi'y ceimi ma Yxpaiui, noxazano menoenyiio 3p0cmants 00ca2ie supowy-
8AHHA COI, WO 3YyMOBIeHe 3DOCMAHHAM NONUMY HA Xapyo8i ma Kopmosi yini. IIpoananizoeano noKasHUKU ypoxcatHoc-
mi coi 8 Yxpaini ma ecmanoeieno, wo Xepcoucbka 06aacmo € 00HuUM 3 1idepis spodcaiinocmi coi 3a 2019 pix. Iloxa-
3aHO, WO NPU BUPOWYEANHI cOI 6 YKpaini ompumMyemscs 3HAUHA KITbKICMb 8MOPUHHO20 PECYPCY — COLOMU, K NOOIUHOI
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npooykyii pociunnuymea. Bemanoesneno, wo cepedus eposcatinicms pucy Xepcomwunu nepegasxicae no Yrpaini, ymeo-
PIOEMBCA BeUKA KINbKICMb JIy32U pUCO80i npu nepepooyi pucy-cupyio.

Busuaueno gizuxo-mexaniuni enacmusocmi pucogoi yzeu ma coeeoi conomu. Posensmuymo mooxciugicmo u-
POOHUYMBA NATUBHUX OpuKem 3 0aHux 6i0X00i6, HABEOEHO MEXHOJOSTUHY CXeMy 8UPOOHUYMBA NATUBHUX OpUKemis 3
810X0018, AKI YMEOPIOIOMbCA HA NIONPUEMCMBAX NEPEPOOHOT NPOMUCTIO80CME MA NOOIYUHOT NPOOYKYIT pOCIUHHUYMEA.

3anposadceno mexHono2ito UPOOHUYMEA NATUBHUX OPUKEMIB 3 COEBOI CONOMU MA PUCOBOL Iy32uU HA NIONpU-
emcmai Xepcoucvkoi obnacmi, sike 3aUMAcmbcs 8UPOWY6anHs ma nepepobkolo coi ma pucy. Busnaueno noxkaznuxu
AKOCMI NATUBHUX OPUKEMIB: 80102ICMb, BMICH 307U, CIPKU, 8y2lleylo, 6UX00Y JeMKUX pevosUH ma numomoi meniomu
320panHs. Bemarnoeneno, wjo Ha SKicmb RATUGHUX 2PAHYIL ICMOMHO SNIUSAIOMb 80102ICIb, CIYNiHbL NOOPIOHEHHs | (i-
BUKO-XIMIUHI gracmugocmi cuposunu. Ilpu eonococmi cupoeunu nonao 14 % smenuyemocs winbHicms 2pamyn i, eHa-
CIOOK 8UNAPOBYBAHHSL 002U, 8 SPAHYIAX GUHUKAIOMb MPIWUHU, WO SHUNCYIOMb iX MiYHICMb. 3i 3MeHUEeHHAM cepeo-
HIX pO3MIpI6 YacmMuHOK biomacu 00 2 MM AKICMb NATUSHUX upobie 3pocmae, aie OpibHa pakyis biomacu npu3eo-
oumuv 00 3HOULYBAHHIO MAMPUYI.

Tennoma 320panus OMpUMAHUX meepoux 6puKemie nepesuilyye HOPMAMueHi 3HA4eHHsA EBPONELICLKUX CINaHOd-
pmig Ha pisHi He Hudcue 18 M]xc/ke. Hopmosana esponeticokumu cmanoapmamu geauduna 3onvhocmi (0,5 %) npax-
MUYHO HEOOCANCHA OJiA YKPAIHCOKUX 8UPOOHUKIB, NATUBHI OpUKemuy, 8ULOMOBIIeHT 3 COJIOMU COEBOI Ma 32U pucy, ma-
10Mmb NOHAO HOPMOBAHT 3HAYEHHS 301bHOCMI 8i0n06i0H0 0o 7,0 ma 14,0 %, wo i 3HudxCy€e ix NOKA3HUKU AKOCMI.

Kniouosi cnosa: 6ioxoou, 1y3ea pucosa, coioma coeea, mexunonozis, 6ionaiuso, opuxemu, AKicmo.
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