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The development of biofuel production at the intersection of agriculture and
energy is the most important trend of applied developments in recent years. The
structure of Ukraine’s fuel balance is close to the world’s: solid fuel (coal) makes
up one third of all fuel, the hydrocarbon part (oil, gas) — two thirds. Ukraine can
cover only 20% of its needs in natural gas and 10% in oil at the expense of its
explored own resources. Every year, the production of certain types of fuel
decreases, while the demand for them increases.

One of the main directions of energy policy implementation in the country
is the formation of a fuel and energy balance (FEB), which would correspond to
Ukraine’s own reserves of fuel and energy resources (FER) and world trends in
the use of energy carriers. The second problem of FER is outdated technologies
and equipment on which Ukrainian industry is based. In Ukraine, 89 kg of
conventional fuel is used for one dollar of production. This is 3—5 times more than
in developed countries. At the same time, dependence on fuel supplies from other
countries has been 60% in recent years. Reducing the level of energy dependence
is primarily influenced by measures to reduce the share of total imports of
renewable energy sources, as well as improving their use. Therefore, it is
necessary to carefully consider and take into account the state of the world energy
market, world energy as a whole, the prospects for their development and the role
of Ukraine in the global world market.

During last decades sunflower has occupied significant sown areas among
industrial crops in Ukraine, which are mainly located in agricultural enterprises
of the Steppe and Forest-Steppe [1]. It is known that raw sunflower husk has
several disadvantages such as low heating value and bulk density, high moisture,
and volatile matter contents [2]. Several case studies have shown that for effective
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use of biomass as energy, feedstock in thermochemical conversion processes
requires pretreatment [3].

Crop residues biomass can also be processed in torrefaction, gasification
and liquefaction processes [4].

It is known that the high volatility of the biomass material provides
numerous advantages associated with a low ignition temperature and retention of
ignition over a longer period of time [5]. An increase in volatile substances led to
increase the heating value of the feedstock. The sunflower husk calorific value is
3500-4000 Cal/kg being supplied through burning. The thermal reactivity of the
sunflower seed husk is extremely higher than that for the other samples (hazelnut
shell, rice husk, and olive refuse) under investigated conditions. The volatilization
stage is characterized by the release of volatiles caused by the decomposition of
hemicellulose and cellulose and partial decomposition of lignin [6].

This work aims to study the role and composition of volatile components
in the process of thermal destruction and ignition of the sunflower seed husk
biomass.

Thermal destruction of sunflower husks begins at a temperature of 29-30°C.
The main decomposition of volatile components and evaporation of water occurs
in the range of 40-150°C. The process speed is low, on average 5.5%/min. The
maximum rate (8.7-8.84%/min) was observed at a temperature of 79-91°C. The
weight loss at this stage is small and amounts to 8.3%. The process of volatile
components decomposition is accompanied mainly by endothermic reactions with
the most pronounced effects in the temperature range of 61-79°C. The process of
decomposition of the main components of sunflower husk takes place in the
tempera The growth of gas emission is directly caused by the rise in the pyrolysis
temperature in the range of 200-500°C. This is due to an increase in the
concentration of hydrogen and methane and to a lesser extent it depends on heavy
hydrocarbons. The roots of this effect are associated with a more complete
decomposition of biomass particles. The volume of pyrolysis gas increases by
1.04; 1.21; 1.3 and 1.61 times at temperatures of 260, 320, 380 and 420,
respectively, compared with the volume of the gas mixture at a temperature of
220°C [7]. Meanwhile, a noticeable decrease in the yield of carbon dioxide and
nitrogen (undesirable impurities in the fuel gas) occurs in the temperature range
of 280-500°C. The amount of hydrocarbons in the resulting gas mixture also
increases with increasing temperature and reaches a maximum at a temperature
of 420°C, exceeding this value corresponding to a temperature of 200°C by 2.1
times. The chemical content of the test gas is shown in Table 1.

Table 1
Components H,| CH, CO| CO, N | CnHm | H,S A
[ | [%]| [%]| [%]| [%]| [%]]| [%]| [%]
Concentration | 22.70 | 16.20| 20.80| 19.12| 2.29| 15.54| 2.65| 0.70
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Chemical content of pyrolysis gas. Some crop residues, olive cake and
sunflower husk are predicted to have a high risk of low temperature ignition. The
determination of the critical condition for self-ignition was carried out at a
constant temperature of 490°C and various initial pressures of the mixture (100-
300 kPa). The analysis of thermo-barograms showed that the heating of the gas
mixture occurs mainly in the process of puffing. Insufficient heating of the gas to
the level of the reactor temperature at the moment of closing the valve was 1-2%
and depended both on the pressure and the diameter of the reactor. The completion
time of gas heating after closing the valve did not exceed the ignition delay in the
entire studied temperature range of 200-600°C.

The transition from a smooth increase in pressure of 90 kPa to an explosive
one (in the range of 300-400 kPa) occurred when the initial pressure of the mixture
after the injection into the reactor changed by 1-10%. This transition depends on
the chemical content and temperature of the gas mixture. The composition of the
gas can be controlled by adjusting the pressure pulsations and the ignition
temperature of the gas mixture. The flash point changes with increasing pressure.
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