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Introduction

Today application of alternative energy sources in various spheres of human activity becomes more
and more popular all over the world and in Eastern European countries as well. Possibilities of traditional
oil-derived motor fuels substitution with biofuels derived from plant feedstock are actively discussed [1].
Today such fuels include: bioethanol, used as alternative to motor gasoline and biodiesel, derived from plant
oils and used in automobile diesel engines.

Along with development and implementation of alternative motor fuels, scientists around the world
study perspectives of partial or total substitution of traditional jet fuels with their alternative analogues.
Following the world tendencies we see the need to consider potential in development and application of
alternative jet fuels in such countries as Ukraine and Poland [2].

Literature overview

Modern civil aviation is developing constantly. According to the data of Commercial Aircraft
Corporation of China (COMAC) today modern civil aviation operates 18 202 aircrafts. According to the
forecasts number of aircraft will increase in two time till 2031 and will be equal to about 37 thousand [3].
The world volume of aircraft transportation increases on 4 — 5%. As a result during last decade consumption
of fuels for air-jet engines has increased on 21%. As it is stated in [4] about 5.5 thousand barrels of jet fuel is
produced and consumed in the world daily. According to the data of State statistics Service of Ukraine
129,465 thousand tons of fuels for air-jet engines were used in Ukraine in 2013. At the same time Polish air
fleet during the 2012 had used 1156 thousand tons of jet fuel. Statistics of the world’s jet fuel consumption is
presented at figure 1 [4].

Thus, today aviation is one of the most significant consumers of oil-derived jet fuels [2]. Oil and
other fossil fuels used for production both jet and other kinds of fuels are exhausted irreversible. Qil deposits
are estimated at about 40 years, natural gas — 70 and coal — 230 years. As a result, constant increase of
process for energy resources and jet fuel mainly is observed [5]. According to the data of International Air
Transport Association the price for air-jet engine fuel in February 2013 was about 1100$ per ton. Except the
forthcoming crisis in sphere of energy resources supply, the world community is concerned about worsening
state of environment in a result of aviation activity.

CO, emissions accompanying processes of fuel production and use, stipulate increase of greenhouse
effect, and therefore global warming on the planet [5, 6]. Intergovernmental Panel on Climate Change and
International Energy Agency state that modern aviation is a source of about 2% of the world’s total CO,
emissions (fig. 2). As it is known, 71.5 kg of CO,/km is emitted into the atmosphere during aircraft flight.
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Besides CO, aircraft exhaust gases contain number of other components that negatively influence on the
state of environment: SO,, NO,, CO, CHy, soot, and others [7].
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Fig.1. Statistics of the world’s jet fuel consumption

Fig. 2 The share of CO, emissions from aviation comparing to other kinds of transport:
1,5% — world aviation, 2% — sea transport, 16,5% — motor transport, 2,5% — other kinds of transport,
77,5% — other kinds of energy resources

Such situation promoted strengthening of ecological requirements to quality of jet fuels [2, 7]. For
example For example, the European Parliament resolution on reduction of impact of aviation on climate
change (IN1/2005/2249) clearly states that: “The European Parliament promotes introduction of aviation
biofuels, thereby reducing the effects on climate change”. Number of influential organizations took measures
on prevention of aviation negative impact on environment. International Air Transport Association (IATA)
has set up the task to reduce the level of CO, emissions from air transport by 50% by 2050. In addition,
European Commission in 2011 has set a policy target of achieving a 60 % reduction of CO2 by 2050. Low-
carbon fuels in aviation should reach 40 % by 2050 [8]. During the ICAO Conference on aviation and
alternative fuels held in Rio-de-Janeiro, governments were recommended “to work promptly on development
and implementation of ecologically friendly alternative fuels for aviation”.

During last years European authorities adopted number of documents that talk about the necessity of
implementation and use of alternative fuels in aviation. Among these documents are: Directive 2009/28/EC
of the European Parliament and the Council on 23.04. 2009 “On stimulating the use of energy from
renewable sources”; The agreement of the European Commission on 08/02/2006 “EU Biofuel Strategy” that
determines seven strategic directions for development and production of biofuels by the member countries
and developing countries; Directive 2009/30/EC of the European Parliament and the Council on 23.04. 2009,
“On the technical requirements to gasoline, diesel and gas fuels, and introduction of a mechanism for
monitoring and reduction of greenhouse gases emissions” (Directive on fuel quality).

Modern situation in sphere of jet fuels production

Traditionally fuels for aircraft engines are produced from crude oil [9]. The most part of existing
technologies is still intended for processing of crude oil and some other fossil fuels, such as coal, natural gas,
oil sands and oil-shales [12]. Technologies used for processing of these types of feedstock allow obtaining of
high-quality fuel, with the possibility to vary certain parameters if required. However, these technologies are
quite energy-intensive and difficult for realization. Refining of base kerosene oil fractions requires
hydrotreating and various destructive methods; at the same time, obtaining of basic fractions from non oil-
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derived feedstock, in addition to mentioned stages, needs pyrolysis, FT-synthesis, gasification etc.

Thus, limitation of the world’s oil deposits and other fossil fuels promotes development of
alternative technologies for jet fuels production today new normative documents and changes to existing
ones are already adopted. This allows large-scale application of modern alternative fuels for air-jet engines.

Today numbers of foreign organizations pay much attention to investigation of existing and newly
appeared technologies for alternative jet fuels production. Among variety of technologies for jet fuels
production several groups are determined according to the feedstock used [5, 9, 11]:

1. Derived from conventional oil;

2. Derived from unconventional oil (oil sands and oil shale);

3. Derived synthetically from natural gas, coal, or combinations of coal and biomass via the FT-
process;

4. Derived from renewable oils (biodiesel, biokerosene, hydroprocessed renewable jet — HRJ or
Hydrotreated Vegetable Qil — HVO);

5. Derived from alcohols (ethanol and buthanol). However, they are suitable for motor transport but
not for aviation.

Among the mentioned above technologies the most perspective are fuels derived from plant feedstock
or biomass — the so called biofuels. Today the share of biofuels comparing to conventional oil-derived fuels
is the USA is 6-7%, Brazil — 15%, China — 2,5%, EU countries up to 5-6%. International Energy
Association forecasts that till 2030 world production of biofuels will increase up to 150 min ton of oil energy
equivalent. Annual temps of production growth are about 7 — 9%. Thus, the share of biofuels in total balance
of fuel in transport sector will reach 4-6% till 2030 [15]. According to other data [16] the share of biofuels in
total energy resources balance will be about 10 — 12%.

If to talk about the state of biofuels production in Ukraine, it should be mentioned that general level of
biofuels branch development is significantly lower than in EU countries. According to [17] the total supply
of primary energy sources in Ukraine is more than 130 min ton of oil equivalent, but amount of biofuel is
just 1.48 min ton that is 1.13% in structure of energy supply. At the same time in EU countries this index
reaches 6.72%. The total supply of primary energy in EU countries is estimated at 1759 min ton of oil
equivalent with the share of biofuels of 118 min ton (Fig. 3 a - c).
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Fig. 3. Share of biofuels in structure of energy supply a — in EU countries, b — in Poland, ¢ — in Ukraine

As it was mentioned previously, application of biomass as a feedstock for alternative jet fuels
production has two general aims: minimization of negative impact on environment and decrease of the
dependence on exhausting oil deposits (mainly in transport sector). It should be also mentioned that different
kinds of plant (natural) feedstock differ from each other [13]. The main difference is determined by their
chemical nature: biomass containing lignocelluloses, biomass with high content of oil (plant oils and animal
fats), biomass with high content of sugars and starch (potatoes, corn, sugar beetroot, etc.). Thus there is a big
variety of biomass processing technologies; some of them are already popular, some are still being
developed [9, 13].

State and perspectives of jet biofuel production in Ukraine and Poland

Despite well-developed biofuel sphere in motor transport sector, both Poland and Ukraine still
doesn’t have practical experience in application of alternative jet fuels [10]. These countries as well as other
European states are characterized by deficiency of oil deposits. However, use of alternative fuels in aviation
is commonly accepted in Europe and other developed states [17, 18].

Ukraine consume about 130 min ton of fuel-energy resources annually, satisfying its need in energy
resources on around 53%. It imports 75% of natural gas and 85% of crude oil and oil products [19]. In order
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to satisfy needs of civil aviation Ukraine requires about 400 thousand ton of aviation kerosene [12].
Comparing to 2011 consumption jet fuels in Ukraine had increased on 23%. At the same time sphere of jet
fuels production is characterized by opposite situation. Production of aviation kerosene at Ukrainian
enterprises in 2011 decreased on 16.6% comparing to previous year up to 282 thousand ton [12].

The final energy consumption for transportation purposes in Poland in 2005 was 10,27 Mtoe.
Dynamics of jet fuels consumption in Ukraine and Poland are shown at (fig. 4) [4].

Annual Jet fuel consumption,
thousand barrel/year

M Poland m Ukraine

Fig.4. Statistics of Jet Fuel consumption in Poland and Ukraine

Generalizing the world’s experience in alternative jet fuels development we have concluded that the
most optimal kind of aviation biofuels is biokerosene, which is derived from renewable oils. The technology
of bikerosene manufacturing is seemed to be the most rational for both Ukrainian and Polish conditions. This
kind of biofuel is obtained via processing of oil plants [7, 10]. Biokerosene is a mixture of traditional
kerosene, produced from crude oil and biocomponents in certain concentrations. The percentage of
biocomponent can reach 50%. Biocomponent is a methyl or ethyl ether of fatty acids that are contained in
vegetable oils. These compounds are successfully used as components of biodiesel fuels and have great
potential for application in jet fuels [7, 10]. Today technology of biokerosene production is seemed to be the
most optimal for such developing countries as Poland and Ukraine. It is explained by number of factors, such
as availability of feedstock, maturity of technology, presence of necessary equipment, satisfactory physical-
chemical and exploitation properties of such kind of biofuel and also its ecological safety [12]. Let’s consider
these factors in details.

Feedstock base for jet biofuels production

Feedstock for biocomponents production is oils, obtained from seeds of various agricultural oily
plants: rape, sunflower, jatropha, canola, palm oil, etc. [16]. Camellina is also seemed to be quite
perspective. The following factors should be taken into account while choosing the necessary feedstock:
volumes of certain kind of oil production (cultivated areas fertility of the culture, main consumers of
products, content of oil in plant, potential of its cultivation), and also it s physical-chemical characteristics.
Today there is a great experience all over the world in growing and processing of various oily plants. The
main factor for feedstock selection is surely geographical and climatic conditions typical for country-
producer and optimal for certain oily plant cultivation [13, 17]. The most widespread plant in the USA is soy,
in Canada — canola (kind of rape). During recent years camellina oil is actively investigated in used in these
countries. Palm oil is popular in Mexico as well as jatropha that is considered as a weed and can grow on the
poorest soils. Countries of the Asia region, such as Indonesia, Philippines, Malaysia use to produce palm and
coconut oil, India — jatropha, Africa countries — jatropha, soy, Brazil — castor oil [5, 13]. Base of European
biofuel industry is rape and during last years — camellina. Production of biofuel is seemed to be quite
beneficial. For example, cultivation of rape on 1 ha territory requires about 170 | of diesel fuel; at the same
time, yield from this area can be processed into 1.2 — 1.5 ton of biofuel [20].

Ukraine and Poland are traditionally agricultural countries with well-developed oil production
branch [5]. Due to this they have a great potential for development of jet biofuels manufacturing. The most
typical oil cultures in Ukraine are sunflower, rape, soy; camellina and corn are less popular (fig. 5).
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Fig. 5. Production of main oily plants in Ukraine in 2012 (thousand ton)

Due to the large area of agricultural terrains, Poland has a great potential to use renewable energy
[33]. The main renewable energy source in Poland is biomass. Today Poland is one of the most promising
countries in EU concerning biofuel feedstock production. The most typical oil cultures in Poland are
sunflower and rape (fig. 6) [34]. Such plants as soy, camellina, etc are still not cultivated in industrial scales.
However, comparing to Ukraine, only rape oil is considered to be used as a feedstock for biofuels
production.
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Fig. 6. Production of main oily plants in Poland in 2014 (thousand ton)

During last 10 — 15 years volumes of oily plants production are constantly growing. According to
[18] during 1990 — 2011 cultivating areas under oily plants have increased in 3.7 times: in 1990 they were
5.7% of all agricultural territories, and in 2011 already 21%. In general such strong development of the
industry is explained by stably-high profitability of mentioned cultures, annually growing demand for
feedstock both in food industry, animal farming and biofuel industry. Fig. 7 presents dynamics of main oily
plants production in 1990 — 2011 [18].
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Fig. 7. Dynamics of oily plants production in Ukraine (thousand ton)
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Sunflower is a main oily plant cultivated in Ukraine. Its part in total yield is about 70% (fig. 5) [19].
Seeds of ordinary breeds contain 50 — 52% of oil, while selected breeds contain up to 60% [20]. Comparing
to other oily plants, sunflower allows production of quite high volume of oil — 952 I/ha (890 — I/ha on
average in Ukraine) [20]. Last years are characterized by significant growth of sunflower production (fig. 8).
Mainly it is stipulated by increasing of cultivating areas and also increasing fertility. Today sunflower
fertility is about 18.4 centners per ha, that is much higher comparing to 2002 — 2004 years (about 11 — 13
centners per ha).
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Fig. 8. Dynamics of sunflower production in Ukraine and its share in total volume of oily plants
cultivation (thousand ton)

Main part of sunflower is used for food industry, production of high-protein forage, oil meal and
other technical needs. Except that, significant amount is exported that makes a valuable income for country.
Thus, despite so huge production volumes, it is not rational to consider sunflower as a feedstock for biofuel
industry, mainly manufacturing of jet biofuel.

Another oily plant — rape is known for a long time in Ukraine. However, it is being cultivated in
industrial volumes only during last 8 — 10 years. It is explained by strong world’s demand on rape oil for
biofuels production [21]. The most active rape production in Ukraine was observed during 2004 — 2008 years

(fig. 9).
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Fig. 9. Dynamics of rape production in Ukraine and its share in total volume of oily plants cultivation
(thousand ton)
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Seeds of winter rape contain 45 — 50% of oil, 24 — 31% of proteins and 6 — 12% of fiber. Two forms
of rape are cultivated in Ukraine: spring rape and winter rape that is dominant in our country. Cultivating
areas of winter rape were more than 1 min ha in 2011; spring rape was grown on around 100 thousand ha.
Such inequality is explained mainly by significantly higher fertility of winter rape. According to [22], today
fertility of winter breeds is about 15 — 17 centners per ha, while spring rape gives around 7,4 centners per ha.
At the same time rape fertility in France and Germany is more than 30 centners per has, in Czech Republic
and Poland — more than 24 centners per ha. Average yield of rape oil is around 1190 I/ha. Comparing to
sunflower oil, rape oil doesn’t need preparatory purification from various related components. That is why it
is considered to be more appropriate for biofuels production. Moreover, certain rape breeds with low content
of erucic acid have been already selected; that is one more positive factor for production of biofuels. Several
years ago rape was cultivated in Ukraine with the aim of export only. Its internal processing was almost
absent and didn’t exceed 10%. However, comparing to previous years, in 2011 a significant increase in
volumes of internal processing was observed [21, 22].

Another widely popular culture is soy. Comparing to rape, during recent years high rates of soy
production are observed in Ukraine. Dynamics of soy production and its share in total structure of oily plants
production is shown at fig. 10. Today national producers provide not only internal needs in soy, but also
made Ukraine a significant exporter of this culture [23].

Soy belongs to leguminous plants. Its average fertility is about 15 — 20 centners per ha with
comparatively low oil yield — 446 I/ha. Content of oil in soy seeds is about 16 — 27%. Soy oil is characterized
by high content of unsaturated fatty acids (86 — 87%); this makes a certain impact on its physical-chemical
properties. At the same time it contains 40 — 50% of high-quality proteins. Due to this soy culture is widely
used for production of food oil, protein concentrates and various food products [21]. By-products of soy
processing are widely used in animal breeding as forage. It should be mentioned that soy production requires
significant resources and material-technical base for its cultivation is much more complicated comparing to
other plants. Soy is quite difficult culture, especially in seed grains quality, fertilizers use, and maintenance
of cultivation technology. All these factors significantly influence on soy price, and consequently biofuels
made of soy. Moreover, as it was already mentioned, the main consumer of this culture is still food industry.
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Fig. 10. Dynamics of soy production in Ukraine and its share in total volume of oily plants cultivation
(thousand ton)

Camellina culture is grown in Ukraine not for a long time — just since the second part of XX century.
Till that time it was considered as a weed. Today camellina is cultivated on some territories of North-West
and Central Europe. Camellina is a spring one-year grass plant that belongs to Brassicaceae family. It is
easily grown on unfertile soils, undemanding to external conditions, resistible to low temperatures and dry
weather. Plant has short vegetating period; this allows growing other cultures after harvesting camellina [20].
It is quite fertile culture. When grows naturally its yield is 10 — 12 centners per ha on average. If certain
agrochemical conditions are maintained the yield can reach 20 and even 30 centners per ha [20, 23].
Camellina seeds contain 40 — 50% of oil and oil yield is about 1250 I/ha. Taste properties of camellina are
very poor. In food industry it is used for confectionery production, preserves, etc. Camellina seeds are
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usually used for technical needs: chemical, textile industries and metallurgy. Due to its special content of
fatty acids and vitamins camellina is popular in medicine.

During recent years application of camellina oil in technical purposes become more and more
popular, mainly as a feedstock for biofuels production. In the USA camellina is one of the main cultures used
for jet biofuel manufacturing. In Europe rape oil is rapidly changed with camellina one [13, 17]. In Ukraine
camellina oil production is still developing. This culture is technical, so biofuel production will not compete
with food industry. In Poland camellina is still not considered as a biofuel feedstock, however, taking into
account world and European tendencies in particular, we may predict that camellina production in Poland
and Ukraine will be increasing rapidly.

During last years, Poland has become one of the leading countries within the EU, with regard to
biofuels production. Having an area of 18.3 million ha devoted to agricultural production and 8.9 million ha
of forest area, Poland presents biomass opportunities from agricultural residues, harvesting or processing,
wood and wood wastes from forestry and industry in addition to important prospects for energy crops grown
specifically for energy applications [33]. Today Poland is treated as one of the main rapeseed producing
countries (fig 11). As a result, the new capacities in the country are being installed, mainly encouraged by the
incipient growth of domestic consumption.

The biofuels sector in Poland is mainly driven by the European incentives and directives aiming at
considerably increasing biofuels production and use. Along with other European states, Poland has to
increase the use of renewable energy in transport to 5.75 per cent by 2010 - a goal established in the Biofuels
Directive of 2003 (table 1). Furthermore, according to recent European regulations, the mandatory target for
2020 has been set at a minimum level of 10 per cent biofuel component in transportation fuels.
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Fig. 11. Dynamics of rape production in Poland comparing to other European producers.

Considering the Poland case the potential of rape cultivation should be determined. More
specifically, in Poland, the production of rapeseed increased sharply from 0.7 in 2003 to 1.25 million tons in
2004.

Table 1 - National indicative targets on biofuels for transport sector in Poland

Year 2008 2009 2010 2011 2012 2013 2020
Poland
indicative target, 3,45 4,60 5,75 6,20 6,65 7,10 10
%

In recent years an increasing trend in biofuels production and consumption can be seen.
Consumption is rising significantly faster than production, which means that much of the lacking bio-
components must be covered by the increased imports. The figure 12 and table 2 confirm trend in biofuels
production and consumption. In 2011, in Poland there were registered 20 producers of biofuels made of rape
oil [35, 36].
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Fig. 12. Production and consumption of rape oil derived biofuels in Poland

Table 2 - Balance of rape oil derived biofuels in Poland during 2006 — 2010 (tons)

Biofuel 2006 2007 2008 2009 2010
Production 89,126 47,447 263,729 364,832 379,802
Import 142 0 94,094 151,535 397,689
Export 51,528 19,440 0 8,343 13,060
Consumption 39,022 27,900 350,415 510,416 760,963

Thus the most perspective cultures for biofuels production at the territory of Ukraine are: sunflower,
rape, soy and camellina. Tables 3 present summary data about the potential of mentioned culture as a
feedstock for jet biofuel manufacturing.

Table 3 - Potential of plant oils production in Ukraine

Index Yield per unit of Oil content in Oil yield per Volumes of production
Cutture area, centners per ha seeds, % unit of area, in 2012, th. ton
I/ha
Sunflower 18 — 20 50 - 60 952 7905,5
Rape 25— 30 45 -50 1190 2360,0
Soy 15-20 16 — 27 446 1232,5
Camellina 20-30 40-50 1250 Data are absent

Scientists’ calculations prove that production of jet biofuel from rape oil today is the most
perspective variant for provision energy needs of Ukrainian and Polish civil aviation. For example, one ton
of rape can be processed into 300 kg of rape oil and then about 270 kg of biofuel [23]. In such way rape
produced in 2012 could be easily processed into 637 thousand ton of biofuel.

Physical-chemical, exploitation and ecological properties of jet biofuels

Oils derived from the mentioned above plants have different physical-chemical properties, however
these differences are not significant. That is why, the main factor, determining choice of feedstock is still its
availability and abundance on the territory of country-producer [24]. As properties of plant oils significantly
differ from properties of fuels for air jet engines, it is rational to use products of oils processing — ethyl and
methyl ethers.

Such biofuel surely possesses number of advantages comparing to traditional oil-derived jet fuel.
Due to chemical composition biofuel is characterized by high lubricating properties; this allows increasing of
aircraft details lifespan. Moreover, application of biofuel produced according to the mentioned technology
doesn’t require additional reequipment or modernization of engines and their systems. Exclusively low sulfur
content in biofuels due to its natural origin may allow significant decreasing of toxicity of aircraft exhaust
gases, thus minimizing negative impact on environment. Another quite important factor that determines
interest to jet biofuels is its ability to decompose easily in natural environment without doing harm to living
objects [28].
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Technology of jet biofuel production

Technology of ethyl (methyl) ethers production is quite simple and similar to process of biodiesel
manufacturing. Basis of the process in reaction of etherification of fatty acids containing in plant oils using
methanol or ethanol and basic catalyst. After purification of obtained substances ether of plant oils (biofuel)
and glycerine are obtained [7].

Today this technology of biofuel production is quite popular and mainly used for manufacturing of
biodiesel fuel. This technology is realized successfully both in laboratories and industrial; enterprises [26].
Taking into account experience of European countries, biofuel manufacturing in Ukraine can be organized at
the following types of installations and factories: low-tonnage installations (local level for certain
enterprises) with productivity 300 — 3000 ton/year, regional factories, producing 10000 — 30000 ton/year and
large-scale industrial factories [23].

Technological process of jet biofuel production from plant oils is significantly simpler comparing to
crude oil refining and profitability of the process in two-three times higher. Except that, plant feedstock is a
renewable resource and thus it is comparatively unlimited. Ecological advantages of alternative fuel for air
jet engines are also obvious and are proved by the world practice. For example, biofuel producing factories
in Germany are able to provide almost waste-less production, using closed water cycle [27].

Conclusion

In general Ukraine and Poland among other countries have considerable resource potential for jet
biofuel production from plant oils due to its favorable natural climatic conditions, availability of feedstock
base and relatively cheap human resources. The main advantage of feedstock cultivation in Poland is a
presence of high level of governmental support to biofuel producing industry. This support is regulated and
based on European biofuel implementation programs. However, Poland’s potential in biofuel feedstock
production is not realized completely. Today only rapeseed is cultivated for providing feedstock for biofuels
production; at the same time the biofuel potential of sunflower, soy or camellina oils for biofuel production
is not realized. The opposite situation is observed now in Ukraine. With no or almost absent governmental
support Ukrainian producers develop oil production from traditional oily plants for satisfying biofuel
industry needs. Being one of the leading countries in Europe by volumes of rape and sunflower production
Ukraine is still one of the top rapeseed exporters to EU. At the same time Ukrainian oil producers promote
growing of new biofuel cultures, such as camellina, soy and some others. If to speak in general, these
countries have all possibilities for jet biofuel manufacturing for satisfaction of its own needs and for export
also.

In order to conclude it should be said that implementation of biofuels derived from plant feedstock
surely has potential and perspective for its future development. Special issue is that application of biofuels
should be totally is the scope of sustainable development principles and doesn’t do harm to food industry
[25]. As it was aid by the President of ICAOQ, alternative kinds of fuels derived from camellina, jatropha oils
help to significantly reduce CO, emissions and do not concur with food agricultural plants in questions of
land and water resources.

In future application of alternative jet fuels will have the following positive results:

e Availability of feedstock, that is especially important for countries, which don’t possess it own
deposits of fossil fuels;

e  Conservation of exhaustible natural energy resources;

o Decreasing of CO, and other greenhouse gases emissions and also toxicity of aircraft exhaust
gases, thus protection of air quality in lower atmosphere layers;

e  Comparative simplicity and cost of jet biofuel production process;

e Significantly low price for biofuel comparing to traditional oil-derived kerosene;

e  Stimulation of agricultural complex development in countries-producers of biofuels.
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ABSTRACT

lakovlieva A.V., Vovk 0.0., Boichenko S.V. Perspectives of alternative jet fuels production and
implementation in Ukraine and Poland. Visnyk National Transport University. Series “Technical sciences”.
Scientific and Technical Collection. - Kyiv. National Transport University, 2015. - Issue 2 (32).

The present-day situation in civil aviation is discussed. Taking into account limitation of crude oil
resources for jet fuel production and worsening of ecological situation, tendency to transition to alternative
fuels is presented. Today application of alternative energy sources in various spheres of human activity
becomes more and more popular all over the world. Possibilities of traditional oil-derived motor and jet fuels
substitution with biofuels derived from plant feedstock is discussed in the article. Special attention is paid to
the constant development of modern civil aviation and worsening of environment in a result of aviation
activity. Today modern aviation is a source of about 2% of the world’s total CO, Besides CO, aircraft
exhaust gases contain number of other components such as SO,, NO,, CO, CHy,, soot, and others. As a result
the ecological requirements to quality of jet fuels have been strengthened significantly and 60 % reduction of
CO, must be reached by 2050. The general characteristics of the world biofuel industry are revealed in the
article showing that today the share of biofuels comparing to oil-derived fuels in the USA is 6-7%, Brazil —
15%, China — 2,5%, EU countires up to 5-6%. Ukraine’s and Poland’s potential in development, production
and application of alternative jet fuels is figured out. The most typical oil cultures in these countries are
sunflower, rape, soy, camellina and corn. The experience and dynamics of each of the mentioned crops is
discussed. Basing on the comprehensive analysis of favourable natural climatic conditions, availability of
feedstock base and relatively cheap human resources Ukraine and Poland among other countries have
considerable resource potential for jet biofuel production. The general technology of jet biofuels production
and brief description of their physical-chemical properties have been presented in the given article.
Advantages of plant oil-derived biofuels production and application comparing to conventional jet fuels are
discussed. One of the strongest factors that help to develop biofuel sector in Poland is governmental support
and European biofuel implementation programs. The opposite situation with no or almost absent
governmental support is observed now in Ukraine. One of the leading countries in Europe by volumes of
rape and sunflower production Ukraine is still one of the top rapeseed exporters to EU. At the same time
Ukrainian oil producers promote growing of new biofuel cultures, such as camellina, soy and some others.
Generally, Ukraine and Poland have all possibilities for jet biofuel manufacturing for satisfaction of its own
needs and for export also.

KEY WORDS: JET FUEL, ALTERNATIVE JET FUELS, BIOFUELS, PLANT OILS, SOY, RAPE,
SUNFLOWER, BIOCOMPONENT

PE®EPAT
A.B. SkomneBa. [lepcriekTHBH BUPOOHHWIITBA Ta YNPOBA/HKEHHS ANbTEPHATHBHUX aBialliiHUX TMAJUB B
VYkpaini Ta [oasmi / Sxkonesa A.B., BoBk O.0., boituenko C.B. // Bicauk HarioHansHOTO TpaHCIIOPTHOTO
yuiBepcurety. Cepis “Texuiuni Hayku” . HaykoBo-Texuiunuii 30ipuuk. — K.: HTY, 2015. - Bum. 2 (32).

VY craTTi 0OrOBOPIOETHCS CY4YacHHMU CTaH IMBLIBHOI aBiallii. bepyuyw 10 yBaru BHUYEpIHI 3amacu
Ha()TOBUX PECYpCiB, IO BUKOPUCTOBYIOTHCS JIJISi BUPOOHUIITBA PEAKTHBHHX IAJHB, 4 TAKOX IMOTIPIICHHS
€KOJIOTIYHOI CHTYyaIllii, y JaHiidi poOOTi po3risgaroThcs TEHIEHINI MO TepeXxoay Ha albTePHATUBHI BHIU
nanuBa. ChOTOMHI 3aCTOCYBaHHS albTEPHATHBHUX JDKEPEN €Heprii B pi3HUX cdepax JTOACHKOI MisTBHOCTI
HaOyBae Bce OUIBIIOI 1 OLIBINOI MOMYJISPHOCTI Y BChOMY CBIiTi. B cTarTi 0OTrOBOPIOIOTHCS MOKIHUBOCTI
3aMillleHHs aBTOMOOUTRHUX Ta aBialliiHUX TaJlMB 3 TPaaulliiiHoi HadTh OlomanwBamu, OTPUMAHUMH 3
pocimHHOI cupoBuHH Oco0NIMBa yBara MpUIISETHCS MOCTIMHOMY PO3BUTKY CyYacHOI ITUBIILHOI aBiarlii Ta
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TIOTIPIIIEHHIO CTaHy HaBKOJIMIITHBOTO CEPEAOBHINA B pe3ynbTari ii misutbHOCTI. CHOTOMIHI CyJacHa aBiallis €
JDKeperoM BUKUAIB Onm3pko 2% Binm 3arampHOro cBitoBoro 06’emy CO,. Kpim CO, BimmpampoBaHi razu
JITaKiB MICTATh psif iHIIUX KoMmmoHeHTiB, TakuX sk SOy, NO,, CO, CH,, caxi Ta inmmx. Sk pe3ynbrar,
€KOJIOT14H1 BUMOTH 10 SIKOCTI HaJiBa JJisl peaKTUBHUX ABUTYHIB OyJM 3HaYHO mocuiieHi, a 1o 2050 poky mMae
Oyt pocsarayro ckopodeHHs Bukuais CO, Ha 60%. Y crarTi NogaHo 3arajbHy XapaKTEPUCTHKY CBITOBOI
OilomanuBHOI TIPOMUCIOBOCTI Y CTaTTi HAaBEAEHO IaHi, IO CHOTOJHI YacTKa OiomanWB y MOPIBHSIHHI 3
nanuBamu HaproBoro moxomkeHHs B CIIIA cranoButh 6 — 7%, bpazunii — 15%, Kurai — 2,5%, kpainax €C
o 5 — 6%. JleranpHa yBara NMpUAIISETbCA MATAHHIO PO3KPUTTS MoTeHIiany Ykpainu ta llomemi B cdepi
po3pobIeHHs], BUPOOHUIITBA Ta 3aCTOCYBAaHHS ANbTEPHATUBHUX BHUIB PEAKTUBHOrO mannBa. HaiOimbim
TUTIOBUMH OJIIHHUMHU KyJAbTypaMH Ui IUX KpaiH € COHSIIHHK, PillaK, cosi, PIKid Ta MEeBHOI Mipoio
KyKypya3a. Posrmsgaerbcs CTaTUCTHKAa Ta JIWHaMiKa BHPOOHHUITBA KOXKHOI 3 3a3HAYEHHX KYJIBTYP.
['pyHTyrounch Ha KOMIUIEKCHOMY aHAaJi3i CHPHUATINBUX NPHUPOJHO-KIIMATHYHUX YMOB, HAsBHOCTI
CHPOBHMHHOI 0a3u Ta BiIHOCHO JEUIEBUX TPYJOBUX PeCypciB, MOKazaHo, o YkpaiHa Ta [lonbma Ha psny 3
IHIIMMH KpaiHaM{ MaroTh 3HAYHUN PECypCHUHN MOTEHLIAN Ul BUPOOHUITBA aBialliiHuX Oiomanus. Y cTaTTi
MO/IaHO 3arajbHH OMHC TEXHOJOril BUPOOHMIITBA OiomanwBa JUIsl TMOBITPSHO-PEAKTUBHUX JIBUTYHIB Ta
CTHCITUH OTIIAM iX OCHOBHHX (Pi3WKO-XiMiYHHX BiacTuBocTed. OOrOBOPIOIOTHCS MEpeBaru, BUPOOHUIITBA Ta
3aCTOCYBaHHS OiomajivBa OTPUMAHMUX 3 POCIMHHHX OJiM Yy TMOPIBHAHHI 3 TPaAWLIAHUMHU aBialllHHUMH
nanuBaMu HadTOBOTO MoxokeHHd. OAMH 3 HaWBarOMIIINX YHHHUKIB, 0 CIPHUSIOTh PO3BUTKY O10MMaTUBHOI
ramy3i y [lompmii € nepkaBHa miaTpuMKa Ta €BpPONEWCHKI MpOrpaMH 3 YHPOBA/DKEHHS Oiomaius.
[IpoTunexxkHa cutyanis 3 BiACyTHBOIO ab0 Maiike BIJICYTHBOIO JIEPKABHOIO MiJTPHUMKOIO CIIOCTEPIraeThCs
Hapaszi B Ykpaini. Byayunm opniero 3 mpoBigHMX KpaiH CBITY 3a oOcsramMu BHPOIIYBaHHS pilaKy Ta
COHAIIHUKY, YKpaiHa € OJHUM 3 TOJOBHUX EKCIOpTepiB pimaky B kpainm €C. Y To# ke gac yKpaiHChKi
BUPOOHUKH OJIiii HaMararThCs MiATPUMYBATH Tally3b Ta BUPOILYBATH HOBI KYJBTYPH UIS BHPOOHHIITBA
OlomanmBa, Taki SK pWXIid, cosg Ta Jeski iHmm. 3aranoMm, YkpaiHa Tta [losibloia cbOrogHi MaroTh YCi
MOJKIIMBOCTI JUII BHPOOHUIITBA aBiamiifHUX OiomaiuB y 00’€Mi, JIOCTaTHROMY IS 33OBOJICHHS BIIACHUX
moTped Ta X eKCIOopTYy.

KJIFOUOBI CJIOBA: ABIALIIMHE IIAJIMBO, AJIbTEPHATUBHI ABILIMHI TIAJIMBA,
BIOIIAJIUBA, POCJIMHHI OJIII, COS, PIITAK, COHSIIHUK, BIOKOMIIOHEHT

PE®EPAT
A.B. SxoeneBa. [lepcrnieKTUBBI MPOW3BOACTBA M BHEAPEHHUS AJIbTCPHATUBHBIX aBHAIIMOHHBIX TOIUIUB B
Yxkpaune u llompme / SxosmeBa A.B., BoBk O.A., boifuenxko C.B. // Bectauk HammonamsHOTO
TpancnoptHoro yHuBepcutera. Cepust "Texundeckue Haykn'". HayuHo-rexundeckuit coopuuk. — K.: HTY,
2015. - Boim. 2 (32).

B cratbe 00cykmaeTcsi COBpEeMEHHOE COCTOSIHHE I'pa)<IaHCKOH aBuaruu. [[puHMMas BO BHHMaHUE
WCYEPIBIBAIOIIMECS 3aMachl HE(PTIHBIX PECYPCOB, UCTIONB3YEMbIX ISl IPOU3BOJICTBA PEAKTHBHBIX TOIUIUB, a
TaKKE YXYJIICHUE SKOJIOTMUECKON CUTYyalluu, B JaHHOW paboTe pacCMaTpPUBAIOTCS TCHICHIIMUA K TIEPEXOY
Ha aJbTEPHATHUBHBIC BU/IbI TOIUINBA. CeroHs NPUMEHEHUE abTEPHATUBHBIX UCTOYHUKOB SHEPTHH B Pa3HBIX
cdepax 4eIoBEYECKOH eATeNFHOCTH TPUOOPETAET BCe OOIBIITYIO M OOJBIIYIO MOMYISPHOCTh BO BCEM MUDE.
B craThe 00CYX1al0TCsl BO3MOXHOCTH 3aMEILIEHUS] aBTOMOOMIIBHBIX U aBHALIMOHHBIX TOILJIMB, IMOJIy4aeMBbIX
U3 TPaIUIMOHHON He(TH OMOTOIUIMBAMHM, IPOU3BOJAUMBIMHM M3 PACTHTEIBHOIO Chipbsi Oco00e BHUMaHHE
yAENseTCsl MOCTOSHHOMY Pa3BUTHIO COBPEMEHHOM Tpa)JTaHCKOH aBHAllMU WM YXYIIICHUIO COCTOSHHUS
OKpY>KaroIel cpeibl B pe3ysbTate ee nesaTelbHOCTH. CeroHs COBpEeMEHHAs aBUAIIHS SBIISIETCS NCTOYHUKOM
BBIOpOCOB OKOI0 2% oT obmero mupooro oobema CO,. Kpome CO, orpaboTaHHBIE ra3bl CaMOJICTOB
coJiepKaT psAll APYrUX KOMITOHEHTOB, TakuxX kak SOy, NO,, CO, CH, caxu u apyrux. Kak pesynbrar,
JKOJIOTHYECKHE TpeOOBaHMS K Ka4yecTBY TOIUIMBA I BO3AYIIHO-PEAKTUBHBIX JIBUraTeliell ObuIH
3HAYUTEJBbHO ycuiieHbl, a K 2050 rofy JA0/DKHO ObITh TOCTUTHYTO COKpaieHue BeiopocoB CO, Ha 60%. B
CTaThe TIpEJCTaBiIcHA O0OImas XapaKTEePUCTUKAa MHPOBOW OWOTOIIMBHON TMPOMBINUICHHOCTH B craThe
MPUBENICHBl JaHHBIE, YTO CEroJHS JOJs OHOTOILUIMBA TIO0 CpPaBHEHUIO C TOIUIMBaMU HE(TSIHOTO
npoucxoxaenust B CIIA cocraBisier 6 — 7%, bpasunuu — 15%, Kurae — 2,5%, ctpanax EC g0 5 — 6%.
Ocoboe BHUMaHUE YAEISIeTCsl BOIPOCY PACKPBITHS MOTeHIMaIa YKpauHel U [lonbinm B chepe pazpaboTky,
MPOU3BOJACTBA W TPHUMEHEHUS albTEPHATUBHBIX BHUJIOB PEAaKTUBHOTO ToOIUuMBA. Hawbosee THIMUYHBIMU
MaCJIMYHBIMU KYJIbTYPAMHU JIJIS STHX CTPaH SBISIFOTCS TIOJICOTHEYHUK, ParcC, COsl, PhKUK U B ONPEACICHHON
CTeTIeHH KyKypy3a. PaccMaTprBaeTcsi CTaTHCTHKAa W JUHAMHKA TPOM3BOJCTBA KAXKIOW W3 YKa3aHHBIX
KynbTyp. OCHOBBIBasICh Ha KOMILUIEKCHOM aHajN3€ OJIarONMPHUATHBIX MPUPOJHO-KIMMATHUYECKUX YCIIOBHA,
HaJIMYUsSl CHIPhEBOW 0a3bl U OTHOCHTEIHHO JIENICBBIX TPYJOBBIX PECYpPCOB, MOKa3aHO, YTO YKpawHa WU
[lompina Ha paBHE ¢ IPYTMMH CTpaHAMHU UMEIOT 3HAYMTENbHBIM PECYPCHBIN MOTEHIMAN JJIs IPOU3BOICTBA
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aBUAIIMOHHBIX OWOTOINIMB. B crarbe mpencTaBieHbl OOIIee OMUCAHWE TEXHOJOTHH IPOW3BOJICTBA
OMOTOIIINBA TSI BO3AYITHO-PEAKTUBHBIX JBHUTATeNIeH W KPaTKUil 0030p MX OCHOBHBIX (YH3MKO-XUMUIECKIX
cBoiicTB. OOCYXIAIOTCS MPEUMYIIECTBA MPOU3BOJICTBA W TNPUMCHECHUS OHWOTOIUIMBA IIOJYYCHHBIX W3
pPACTUTEIBHBIX Macell 10 CPAaBHEHUIO C TPAAUIIMOHHBIMU aBHAIIMOHHBIMH TOILTMBAMHM HE(TIHOTO
npoucxoxaeHus. OnuH W3 HanboJiee 3HAYMMBIX (PAKTOPOB, CIIOCOOCTBYIOIIMX PAa3BUTHIO OMOTOILTHBHOW
otrpaciu B llombmie siBisercss TocymapcTBeHHAs! TOJIepKKa M EBpomeiickue MmporpaMMBbl 10 BHEAPEHHUIO
ouotoruB. OOpaTHass CHTyalus € OTCYTCTBYIOIIECH WM TIOYTH OTCYTCTBYIOIICH TOCYAapCTBECHHOMN
MOAEPXKKON HaOmomaeTcst ceidyac B YKpamHe. byayunm omHOW M3 Bemymux cTpaH Mupa MO oObemMam
BEIpAIIMBAHMS parica W TOACOIHEYHHKA, YKpawWHa SBISETCS OJHAM W3 TIABHBIX JKCIIOPTEPOB parca B
ctpanbl EC. B TO ke BpeMs yKpaWHCKHE MPOHM3BOJIUTENIM Macel MBITAITCS MOIJICPKUBATh OTPACib U
BBIpAIIMBATh HOBBIC KYJILTYPBI JJIsI IPOU3BOICTBAa OMOTOILIMBA, TAKUE KaK PHIKUK, COSl 1 HEKOTOPBIE IPYTHE.
B oOmewm, Ykpanna u Ilompma cerogHsi WMEIOT BCE€ BO3MOXHOCTH JUIS TPOHM3BOJICTBA aBHAIIMOHHBIX
OHOTOILIUB B 00bEME, IOCTATOYHOM JJIS yIOBJICTBOPEHUSI COOCTBEHHBIX HYXK U JIUIS UX IKCIIOPTA.

KJIFOUEBBIE CJIOBA: ABUAITMOHHOE TOIUUIMBO, AJIbTEPHATHUBHBIE ABUATLIMOHHBIE
TOIUIMBA, BUOTOIUIMBA, PACTUTEJIbHBIE MACIIA, COs, PAIIC, [NOACOJIHEYHUK,
BUMOKOMIIOHEHT
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