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Abstract. In recent decades, the share of plant raw materials in the production of solid, liquid, and gaseous fuels
has increased significantly. One of the promising sources of bio raw materials, the efficiency of which can be
increased, is the non-grain part of the crops of agricultural plants. Today, the main crops in Ukraine, as in most
Eastern European countries, are corn, wheat, sunflower, barley, soybeans and rapeseed. The total share of
production of all other crops of the agricultural sector of Ukraine does not exceed 2%. The efficiency of further
use of the non-grain part of the crop of these cultures significantly depends on the content of the main macro
components - cellulose, hemicellulose, and lignin, which varies depending on the plant species. Using standardized
methods of laboratory tests, a chemical analysis of the parameters and composition of the non-grain part of these
most common crops was performed in this study. According to the obtained results the highest content of water-
soluble substances was observed in the non-grain part of corn (19.8%) and sunflower (16.1%); cellulose in barley
(50.0%), soybeans (46.9%) and wheat (46.5%); hemicellulose in sunflower (43.5%), soybeans (36.3%) and
rapeseed (35.5%); lignin in barley (24.2%) and rapeseed (16.7%). The results of lignocellulosic biomass
composition analysis in terms of lignin content and ash content do not coincide with the common conclusions that
samples with a lower lignin content also have a lower ash content. Thus, the highest ash rates are in sunflower
(14.7%), corn (9.0%) and rapeseed (8.0%), while the lowest are in soybeans (4.4%) and wheat (6.5%). The highest
total content of cellulose and hemicellulose makes the non-grain part of legumes soybeans (83.2%) and rapeseed
(79.2%), which allowed us to make preliminary conclusions about the higher value of these crops for further use
in biofuel technologies.
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Introduction

The climate crisis, one of the main causes of which is the human consumption of extractive
resources, in particular hydrocarbons, and its consequences have led to a change in the energy policy of
the world’s leading countries towards a significant increase in the share of renewable energy and raw
materials. In recent decades, the share of vegetable raw materials in the production of solid, liquid, and
gaseous fuels has increased significantly. Ukraine, as one of the world leaders in the production of crop
products, in particular cereals, annually receives tens of millions of tons of plant biomass, which is used
for energy and other purposes. The results of previous studies show the possibility of significantly
increasing the energy value of these raw materials using modern chemical, thermal, mechanical, and
other processing methods, which is an urgent task [1-4].

The development of efficient technologies for the production of biofuels based on plant biomass
[5-12] requires information on its composition, in particular, on the content of basic biopolymers
(cellulose, hemicellulose, and lignin), pitches, fats, water-soluble substances, ash, and more. The aim of
the research was to determine the parameters of the composition of the non-grain part of the crop of
major field crops, which can be used as a raw material in technologies for production of solid, liquid or
gaseous biofuels.

Today, Ukraine is one of the world’s leading producers and exporters of crop products, which
according to the Food and Agriculture Organization [13] and the World Bank is among the top ten
producers [14] and the top five exporters. Taking into account the trends in the production of major
crops, forecasts of the Organization for Economic Cooperation and Development and the Food and
Agriculture Organization [15], the production of major legumes in Ukraine in 10 years will increase and
will be: wheat — 34 million tons; corn — 39 million tons; barley — 10.2 million tons.

In Ukraine, tens of millions of tons of plant bio-raw materials are produced annually - the non-grain
part of the crop harvest. According to the Bioenergy Association of Ukraine [16], less than 1% of the
harvested straw is used for energy and solid biofuel production, i.e. there are significant reserves for
further use of this bio-raw material.
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The main crops in Ukraine are corn, wheat, sunflower, barley, soybeans, and rapeseed. The ratio of
grain and non-grain parts of these crops (waste ratio [17]) is in the range from 0.8 (barley) to 1.9
(sunflower). The total share of production of all other crops by agricultural enterprises of Ukraine last
year did not exceed 2% (Fig. 1).
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Fig. 1. Structure of production of major crops in agricultural enterprises of Ukraine in 2020

Materials and methods

Promising crops for use in biofuel production technologies in Ukraine have been identified by
analysing the structure of the production of cereals and legumes of major crops in agricultural enterprises
of Ukraine in 2020 (Fig.1). Therefore, as a raw material in this research we use non-grain part of the
crop: straw of wheat, rye, rapeseed, barley, oat, soybean and stalk of sunflower, corn.

The humidity of each raw material was determined by the thermographic method at a temperature
of 100-105 °C, according to the standard ISO 6496 [18], using the electronic scales-moisture meters
series ADGS, which meet the requirements of the standard GOST 24104-88 [19].

The crude ash content was determined by the method of the standard GOST 26226-95 [20]. To do
this, a sample weighing about 1-2 g (not more than half of the crucible) was placed in a pre-dried
crucible. The crucible was weighed to the nearest 0.001 g, then placed in a cold oven and the temperature
was raised to 200-250 °C until smoke appeared. After cessation of smoke, the furnace temperature was
adjusted to 525 + 25 °C and the crucible with the sample was calcined for 4-5 hours until the material
was completely ash-dried.

The cellulose content was determined by the Kurschner nitrogen-alcohol method [21], using a
nitrogen-alcohol mixture consisting of one volume of concentrated nitric acid (1.4 g-ml?) and four
volumes of 95% ethanol. Determination of lignin content was carried out by the method established by
the standard GOST 26177-84 [22].

Determination of the content of substances soluble in hot water was carried out by placing a portion
of dry samples weighing about 2 g from 100 ml of distilled water in a conical flask with a capacity of
250 ml. A reflux condenser was connected to the flask and placed in a boiling water bath. Throughout
the extraction (3 hours) was maintained a constant water level in the bath by adding boiling water. The
sample was then filtered on a pre-dried to constant weight porous glass filter with suction, washing the
sample from the flask to the filter with hot distilled water. The sample filter was dried to constant weight
inanoven at 103 + 2 °C and weighed. The mass fraction of substances soluble in hot water (E) in percent
was calculated by the formula:

g
where mg — mass of empty filter, g;

m; — mass of the filter with the sample residues, g;
g — mass of absolutely dry initial sample, g.
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Determination of the total content of hemicelluloses was carried out according to the method
described in work [23]. Determination of pitch and fat content was carried out by the method of
extraction according the standard GOST 6841-77 [24], using a Soxhlet-type installation.

Determination of the composition of the ash was carried out by the method of energy-dispersive X-
ray fluorescence analysis (XRF) on a precision analyser “EXPERT 3L model U168, designed for direct
operational non-destructive measurement of the mass fraction of chemical elements in the samples. The
measurement result is a table of detected elements and their mass fractions.

Results and discussion
The results of raw material composition analysis are presented in Tables 1 and 2, and Fig. 2.

Table 1
Composition of the non-grain part of the crops
Raw mgtrt)ér Ash, | Pitches and |Water-soluble| Cellulose, | Lignin, ce|_I|I?JrIT(1)Is_e Other,
material Y "I % fats, % |substances, % % % o ’ %
(o] 0
Wheat 91.8 6.5 1.2 14.5 46.5 12.9 24.6 0.3
Rye 90.6 6.2 1.8 7.7 46.1 15.5 28.8 0.1
Rapeseed | 89.9 8.0 0.9 3.0 43.7 16.7 355 0.2
Barley 82.7 7.6 1.2 7.2 50.0 24.2 17.1 0.3
Oat 80.4 7.1 2.1 16.1 40.2 10.0 31.2 0.4
Corn 86.2 9.0 1.5 19.8 36.9 11.9 29.7 0.2
Soybean 85.2 4.4 0.9 4.0 46.9 11.6 36.3 0.3
Sunflower| 78.2 | 147 2.5 16.1 275 10.3 43.5 0.1
Table 2
XRF analysis results of ash gained from the non-grain part of the crops
Raw Content of main components (mass fractions), %
material | SiO, | KO | CaO | TiO; |Fe;O3| SO, | SrO |MnO;| P,Os | ZnO | CI | MgO
Wheat 64.687|19.295/8.040| - 0525|0498 - |0.197|1454| - |5303| -
Rye 39.142|31.441]12.282| - |0.361|3.670| - |0.206|5.781| - |[7.092| -
Rapeseed | 6.481 |28.657|38.524| 0.160 | 1.3319.093/0.084| - [3.746| - 11925 -
Barley  |57.945/19.056/8.929 | - ]0.999/1.008| - ]0.086]|2.673| - |4.409|4.895
Oat 37.475|33.797|12.925/ 0.093 | 1.011 | 1.430| - |0.354|10.183] - |2.735| -
Corn 34.417|35.126(19.249] - |1526|1.391| - |0.146|2.632|0.186|5.327| -
Soybean | 5.244 139.498(48.760{ 0.172 | 1.477 | 1.536 | 0.156 | 0.124 | 0.428| - |2.603| -
Sunflower| 3.496 |148.252(30.302| - |0.257|1571|0.112| - [4.706| - |11.304] -

As it can be seen from the data presented in Table 1 and 2 and in Fig 2, the highest content of water-
soluble substances is present in the non-grain part of corn (19.8%), oats (16.1%) and sunflower (16.1%);
cellulose in straw of barley (50.0%), soybeans (46.9%) and wheat (46.5%); hemicellulose in stalk of
sunflower (43.5%), straw of soybeans (36.3%) and rapeseed (35.5%) and lignin in straw of barley
(24.2%), rapeseed (16.7%) and rye (15.5%).

The results of studies of the composition of lignocellulosic biomass in terms of lignin content and
ash content do not coincide with the common conclusions that samples with lower lignin content have
lower ash content [25]. Thus, the highest ash rates are in sunflower (14.7%), corn (9.0%), and rapeseed
(8.0%), while the lowest are in soybeans (4.4%), rye (6.2%), and wheat (6.5%).

In general, the above results show that the highest total content of cellulose and hemicellulose is in
the non-grain part of legumes — soybeans (83.2%) and rapeseed (79.2%). This allows us to draw
preliminary conclusions about the higher value of these crops for use in the technologies of biofuel
obtained by fermentation methods.
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Fig. 2. Composition of lignocellulosic biomass of the non-grain part of major crops
Conclusions

1. It is found that in the conditions of Ukraine the main plant raw materials for further use in
biofuel technologies are the non-grain part of the harvest of the following most common crops:
corn, wheat, sunflower, barley, soybean, and rapeseed. The share of the use of these raw
materials for the production of energy and solid biofuels currently does not exceed 1%.

2. According to the results of laboratory studies of the parameters and composition of organic raw
materials, it was found that the highest content of water-soluble substances is present in the non-
grain part of corn (19.8%), oats (16.1%) and sunflower (16.1%); cellulose in straw of barley
(50.0%), soybeans (46.9%) and wheat (46.5%); hemicellulose in stalk of sunflower (43.5%),
straw of soybeans (36.3%) and rapeseed (35.5%) and lignin in straw of barley (24.2%), rapeseed
(16.7%) and rye (15.5%).

3. The highest ash content is in the non-grain part of sunflower (14.7%), corn (9.0%) and rapeseed

(8.0%), the lowest is in soybeans (4.4%), rye (6.2%), and wheat 6.5%). The non-grain part of
legumes - soybeans and rapeseed — is distinguished by the highest total content of cellulose and
hemicellulose (83.2% and 79.2%, accordingly), which indicates the higher value of these crops
for use in technologies of biofuel obtained by fermentation methods.
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