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Prospects of Using Different Generations Biofuels
for Minimizing Impact

of Modern Aviation on Environment

The work is devoted to the overview of prospects of development and implementation of al-
ternative motor fuels from various types of biomass. The article outlines problems of modern
transport that is connected to limitation of conventional energy resources used for fuels pro-
duction. Main environmental problems connected with the use of conventional aviation fuels
are determined. Modern trends for transition from conventional aviation fuels to alternative
ones are presented. The article gives versatile analysis of well-developed types of biomass for
biofuels production and also perspective types, which may be sufficiently used in the near
future. The main properties of oil plants used for biofuels production are described, as well
as advantages of biofuels use from considered types of biomass. Bibl. 26, Fig. 1, Tab. 4.
Key words: energy resources, aviation fuel, emissions, biomass, biofuel, microalgae, sor-
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Introduction

One of the features of the modern world is the
increased attention of the international community
to the problems of rationality and efficient use of
energy resources, the introduction of energy saving
technologies and searching of renewable energy.

Today, renewable energy development in the
world, took an accelerated character that is asso-
ciated with the growing of global multifactorial
crisis phenomenas. On the one hand, there is
limtation of geological reserves of the main types

of fuel resources — oil and gas, which leads to an
inevitable rise in prices for them. On the other hand
the obvious growth of the negative environmental
impacts caused by the effects of human activity.

Object of the article is production of biofuels
of different generations.

Subject of the article is methods of produc-
tion of different generations of biofuels from
plants, algae, and so on.

The purpose of the article — study the prob-
lem of the use of traditional fuels, and to show
the perspectives of alternative fuels production.



Taking into consideration the growing de-
mand on sustainable alternative fuels there is a
need to explore the prospects of biofuel produc-
tion of first, second and third generations.

International strategic actions
on «greening» aviation transport

The main environmental damage associated
with global climate change of the Earth — green-
house effect, caused mainly from mining, process-
ing and burning of fossil fuels — coal, oil and
gas. The greenhouse effect is up to 75 % share of
the anthropogenic environmental damage. In this
regard, the satisfaction of growing needs of the
world’s population in fuel, electricity and heat si-
multaneously with the environmental safety neces-
sitates the development of renewable energy, be-
cause oil — not single raw material for getting of
high-efficient organic fuels for engine.

In terms of global pollution, air transport is
responsible for direct and indirect emissions of
several greenhouse gases: CO2 (2 % of global
emissions by IATA — International Air Transport
Agency), tropospheric ozone, methane, etc. [1,
2]. More than once Committee on Environment
Impact of Aviation (CAEP) raised the issue of re-
ducing emissions including emissions of NOx and
CO2. With the support of ICAO the strategic
document of 38th Assembly of ICAO has pre-
sented strategic plans in the field of environmen-
tal protection regarding emissions of aircraft en-
gines that affect on local air quality, on the im-
pact of international aviation on climate change,
including progress on the part of new aviation
standards on emissions of CO2, plans of action of
countries and assist countries, environmental al-
ternative fuels for the aviation, market activities
and global desired goals [2, 3].

The initiator of the development and imple-
mentation of alternative (including biological)
fuels for aviation is the International Civil Avia-
tion Organization (ICAO). Back in 1983, the
ICAO established the structure of the technical
committee on environmental protection in avia-
tion (CAEP), in which the active target group
(sub-committee) on alternative fuel (AFTF). It
AFTF concerned with economic feasibility of avi-
ation biofuels, determined mainly by two criteria:

— the need to improve fuel efficiency in
aviation because of the well-known global prob-
lem of depletion of hydrocarbon fuels derived
from petroleum;

— the need to reduce emissions of harmful
substances in the exhaust gas of gas turbine en-
gines, that is, an increase in environmental per-

formance of aviation fuel. This criterion is now
the dominant and determining the actions of sci-
entists and practitioners.

Following six years of negotiations, govern-
ments meeting at the International Civil Aviation
Organization (ICAO) are finalising the design el-
ements of a global market-based measure for in-
ternational aviation. It is part of a series of ac-
tions the aviation industry is taking to reduce its
carbon emissions which includes investing in new
technology, scaling up the use of sustainable al-
ternative fuels, improving operational perfor-
mance of aircraft in the fleet already and using
more efficient infrastructure.

The carbon offsetting and reduction scheme
for international aviation (CORSIA) has been
agreed by government negotiators at the 39th
ICAO Assembly. The CORSIA will be the
world’s first market mechanism for dealing with
climate change from any industrial sector. The
global aviation industry, coordinated by the Air
Transport Action Group (ATAG) has been instru-
mental in proposing the plan and is now
encouraging States to support it.

Modern situation in sphere
of biofuels porduction

Today the main energy sources are crude oil
(�40 % of the world energy consumption), natu-
ral gas (�23 %), black and brown coal (�20 %).
The minor share is taken by nuclear energy
(����� hydroenergy ��2.5 %), biofuels (�4 %) and
other alternative energy sources [2, 4]. At the
same time the world energy demand growths con-
stantly. The question of rapid increase of prices
for crude-oil and other fossil fuels became espe-
cially important nowadays. First of all it is con-
nected to the deficiency of primary energy and
rapidly increasing demand for them (Table 1).
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Table 1. Recoverable reserves of primary energy
reources and an annual increment of biomass
(billion tonnes)

Primary energy
sources

Global
stocks

World
extraction per

year

Potential,
years

Oil 130 4 30–35

Coal 720 2 350

Natural gas 104 2.1 50

Natural gas in gas
hydrates:

22000 no data no data

underground 50 no data no data

in the ocean – no data no data

Annual growth of
vegetation biomass

80 no data not
limited



Biofuel holds a special place in the structure
of renewable energy sources. Being one of the
few alternative fuels in the transport sector,
biofuels are seen as an important resource in the
choice of energy sources and ensuring of energy
security, development of agriculture and rural, as
well as to mitigate climate change by reducing
greenhouse gas emission [1, 4, 5].

Conditionally biomass as feedstock for
biofuels production can be divided into three gen-
erations [3]. Currently there are following gener-
ation of biofuels (Fig.1):

— edible oil and sacchariferous terrestrial
plants;

— inedible cellulosic plants;
— inedible aquatic plants, ie algae.

First-generation biofuels

Biofuel of first generation made from sugar,
starch, vegetable oil and animal fat using conven-
tional technology. The main sources of raw mate-
rials are the seeds or grain. For example, from
rapeseed extract vegetable oil, which can then be
used as biodiesel. From wheat obtained starch,
after fermentation — bioethanol [6].

Deforestation, negative impact on traditional
agriculture, the imbalance of agricultural land
use in the direction of industrial crops and the
threat of the food security — these are some of
the problems facing humanity during production
of biofuels [7]. The main problem in the produc-
tion of fuel from biomass is food security, be-
cause first-generation biofuels made from agricul-
tural crops entering in the food chain of humans
and animals (corn, soybeans, palm oil, rape, sug-
arcane, wheat, rye). The public has thought sud-
denly that large areas where food was produced,
commercially oriented farmers was given to the
technical culture. Because the world population
grows and requires more and more food, the use
of these areas for the production of biofuels re-
duces the amount of available food and increases
their prime cost.

Second-generation biofuels

Second-generation biofuels produced from
non-food raw materials. Sources of raw materials
are lignocellulosic compounds the remaining af-
ter, as suitable for use in the food industry part
of vegetable raw materials are removed. For this
purpose, also can be used fast-growing trees and
grasses (poplar, willow, miscanthus, jatropha,
etc.) [7–9]. They are also called energy forests or
plantations. Tested about 20 different species of

plants – arboreal, shrubs and herbaceous.The ad-
vantage of this biofuel consists in that the plant
from which it is obtained, do not compete with
food crops for the land. They can grow on the
slopes, hills, ravines, as well as on the unproduc-
tive and degenerate lands, sometimes even with
the prospect of recovery of these lands. For their
cultivation is possible to use a minimal amount of
water, fertilizers, pesticides and machinery.

Every 4–7 years the trees are cut, their an-
nual yield can reach up to 7 tons per hectare. Be-
tween the rows can additionally planting agricul-
tural crops. The collected biomass is used for the
production of heat and electricity, and also can
serve as raw materials for producing liquid
biofuels.

Energy plantations can be divided into sev-
eral types: plantation of fast growing trees (euca-
lyptus, willow, poplar, aspen, alder, multicolor
rose); dicotyledonous plants (artichoke, Jerusa-
lem artichoke, sida); perennial grasses (gigantic
miscanthus); annuals grasses (Sorghum Sudanese,
common reed) [9].

In countries such as Italy, Germany, Argen-
tina, Poland, today is widely practiced establish-
ment of special plantations of fast-growing spe-
cies of willow and poplar (black poplar —
Populus nigra, crack willow — Salix fragilis,
basket willow — Salix viminalis). Willow ac-
quired popularity as a biofuel also in the Scandi-
navian countries. It is collected every 3–4 years.
In North India, planting of fast-growing poplar
and eucalyptus occupy about 50 to 60 thousand
hectares. In Germany, the efficiency of energy
forests is 20 million cubic meters of wood per
year. «Green Fuel» is promising as a valuable re-
newable energy source [7, 10].

Miscanthus (silvergrass, elephant grass,
Miscanthus giganteus) — grass, which is grown
for several years in Europe and North America. It
is frost and drought-resistant. The plant grows up
to 4 m or more, it is possible collect the crop
during 30 years, without replanting of fields.
Miscanthus can grow on poor soils, it requires
little fertilizer, and grows well in moist temper-
ate climates throughout the US, Europe and
Asia. At the same time miscanthus does not de-
plete the land. Moreover, from miscanthus it is
possible produce large amounts of biomass at a
very small crop area, which distinguishes this
plant from other cultures. Yields are of
miscanthus up to 10–12 tons per hectare which is
roughly equivalent to 36 barrels of oil. Some
Miscanthus hybrids with the yield up to 60 tons
per hectare were already selected. Experts say
that if on 10 % of the European lands to plant
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Fig.1. Development of technologies for biofuels production.



Miscanthus, it will be possible additionally to
develop to 9 % of the electricity [10, 11].

Jatropha curcas (Jatropha, Jatropha curcas
L.) belongs to the spurge family. It is known as a
long-term tree weed growing on poor dry soils,
propagated by cuttings and easily spread via
seeds. It is found all over the planet, but espe-
cially thrives in tropical and subtropical climates.
The content of nutrients in the soil is not the
main factor affecting the productivity of
jatropha. This shrub can grow in almost any soil,
even on abandoned and unused lands. Jatropha
plantations are available in India, China, Burma,
Nicaragua, in many African countries, in Philip-
pines and Brazil. Jatropha seeds are toxic to hu-
mans and animals, but they contain up to 40 %
of various oils. Jatropha has a high oil yield from
the seeds in comparison with the major biodiesel
crops — soy and rapeseed. From hectare soybean
receive nearly 400 kg of oil for biodiesel from
rapeseed — 1 tonne, of jatropha — 3 tonne. Eu-
ropean breeders are working on breeding of new
highly oilseed, early ripening and frost-resistant
hybrids of Jatropha curcas [11].

Sorghum (Sorghum bicolor (L.) Moench) is
the fifth most important cereal crop in the world
in terms of production and area planted. Due to
its drought resistance, it forms one of the most
important staple foods for millions of people in
the semi-arid tropics of Africa and Asia. Sorghum
is principally utilized as human food and animal
feed. In the main sorghum production regions in
Africa and Asia, more than 70 % of the sorghum

is consumed as food, and is one of the principal
sources of energy, protein, vitamins and minerals
among the populations of these regions [12].

Camelina (Camelina sativa) — oleifera an-
nual grass. The genus of Camelina includes 10
species which growing in Europe and Asia in the
areas of cool climate of the steppe and forest ar-
eas. It can grow on the fields, fallow lands, along
roads. Seeding Camelina is derived from weed
forms, which in the wild form in Russia are found
everywhere. Camelina can be sown when the soil
resting from wheat and other grains as part of a
crop rotation. Output from camelina oil from
1 hectare is 490 kg. The seeds contain 33–42 % of
oil, 25–30 % of protein, and vitamin E [13].

Camelina sativa comes from Asian countries
where it was grown up during centuries. In the
second half of 19 century in Russia and France
they began to plant Camelina sativa. In the
1940s–1950s the sown areas under Camelina
sativa were about 400,000 hectares in the ex. So-
viet Union. By the 1970s–1980s the interest to-
wards Camelina sativa is gradually going down
and the sown areas are reducing till 1000–2000
hectares, now a days it is possible to see the «sec-
ond birth» of this interesting and useful crop. In
order to understand why Camelina sativa is an
alternative crop to rape let’s compare these crops
from the point of view agriculture (Table 2).

As it is seen from Table 2 Camelina sativa
has larger potential comparing with rape that is
closely connected with its stability in unfavor-
able soil and climate conditions. As a result it
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Table 2. The comparative characteristics of rapeseed, camelina and sorghum agricultural indexes

Features
Oily plant

Camelina sativa Rapeseed Sorghum

General characteristic annual plant annual fodder crop annual and perennial
plants

Drought resistance low need in water Liquid living crop very high resistance to
drought

Potential of germina-
tion all kinds of soil are good very demanding to soil easily adapts to different

soils

Threat of reducing
fertility of soil

it is often sowed to ruined crops
and is used as an intermediating
crop, after harvesting it’s possible
to row up some other crops

emaciate soil, it’s possible to
sow rape again on this area
only in 3-4 years

used for the cultivation of
virgin and reclaimed land

Fertilizers aren’t needed are surely needed nitrite aren’t needed

Having weeds

secretes ethereal oil which put
down growth and evolution of
weeds from the phase of stalk for-
mation to full ripe seeds

a lot of weeds a lot of weeds

The period of vegeta-
tion

60–75 days from the moment when
crops are already standing 90–100 days and nights 120–130 days and night

Loss of seeds high firmness of pods from chap-
ping

low firmness of pods from
chapping

low firmness of pods from
chapping

Vulnerability of crops
to vermin vermin and diseases are not found badly damaged by vermin good disease resistance



makes it possible to grow it up in soil of bad
quality which is not good for other crops and it
means that we have a chance to get vegetable oil
good for producing bio-fuel without reducing the
production of food. Besides, it gives us a real
chance to develop agricultural areas with
low-quality soil. Similarly to camelina sorghum is
considered to be sustainable plant as it doesn’t
require high-quality soil and introduction of fer-
tilizers. It may be cultivated in unfavorable cli-
matic conditions and more over, may be used for
recultivation of unfertile and exhausted areas.
Scientific research work devoted to technological
methods of growing up Camelina sativa and in-
creasing its seed productivity taking into consid-
eration soil and climate conditions in Ukraine,
paying special attention to determination of opti-
mal thickness and regulation the optimal terms of
sowing it, has been done and standards of min-
eral fertilization have been chosen. In addition,
growing up the seeds of Camelina sativa and
sorghum is ecologically safe because both cultures
are characterized as extremely conditions of grow-
ing up, they don’t need any fertilizers, pesticide
and fungicide.

Considering the suitability of various oils
for biofuels production it is necessary to ana-

lyze fatty acids composition of oils
(Table 3) [14]. It is well known fact
that fatty acids composition of oils
determines physical-chemical proper-
ties of oils and thus biofuels. The de-
gree of unsaturation (amount of ac-
ids with single or multiple double
bonds) determines chemical stability
of oil. Under chemical stability we
assume resistance of fatty acids to
oxidation under various factor, i.e.
temperature, light, presence of other
compounds, long-term storage, etc.
In general, the higher content of un-
saturated fatty acids — the less
chemical stability. At the same time
the degree of unsaturation influences
such important properties as viscosity
and melting (or cloud) point of oils.
In this case the higher content of un-
saturated fatty acids the less viscos-
ity and better low-temperature pro-
perties. Usually it may be explained
by the curved form of unsaturated
fatty acids and less compact mutual
displacement [15].

From the Table 3 we may see that
all of the studied plant oils are reach
in unsaturated fatty acids. Sorghum

oil contains high proportion of linoleic acid (with
two double bonds) with considerable amount of
oleic (one double bond) and palmitic (no double
bonds) acid. Similarly, three major long chain
fatty acids were detected in the jatrofa oil, which
are oleic, linoleic, and palmitic acids. The analy-
sis shows that camelina oil contains high amout
of linolenic (three double bonds) acid and
eicosenoic acid that has the longest carbon chain.
The typical characteristic of rapeseed oil is high
content of erucic acid — long-chanin acid with
one double bond.

Thus, the fatty acids composition of oils de-
termines their physical and chemical properties
(Table 4). Sorghum and camelina oil posess the
lowest viscosities. At the same time its density
values differ significantly. It means that energy
value of camelina oil is comparatively higher than
sorghum oil. However, analyzing iodine values,
we may predict that chemical stability of these
oils is lower that of jatropha and rapeseed oils.

Thus, the second generation biofuels will
gradually replace the first generation biofuels,
due to its greater environmental friendliness, per-
formance, and in that it is produced from
non-food materials. Russia, which has huge areas
of land not suitable for agriculture, can easily use
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Table 3. Average fatty acids composition of sorghum,
jatropha, rapeseed and camelina oils

Fatty acid
Plant oil

Camelina oil Rape oil Sorghum oil Jatropha oil

Myristic acid – 0–1.5 0–0.1 –

Palmitic acid 5.0–6.3 1.0–4.7 10–14 4.0–5.2

Stearic acid 2.5–3.0 1.0–3.5 0.3–0.6 6.5–7.9

Oleic acid 14.5–16.0 13–38 0.3–47 43.0–44.6

Linoleic acid 15.0–17.0 9.5–22 40–45 33.8–35.0

Linolenic acid 36.0–38 1–10 0–0.1 –

Erucic acid 1.0–4.0 40–64 – –

Eicosenoic acid 14.8–16.2 0.3–1.0 – –

Table 4. Physical and chemical properties of sorghum,
jatropha, rapeseed and camelina oils

Properties Sorghum
oil

Jatropha
oil

Rapeseed
oil Camelina oil

Kinematic viscos-
ity, mm2/s

31.4 40.4 37.0 31.5

Density, kg/m3 909.9 920 910–912 920–928

Flash point, �C 225 167 246 257

Iodine value 108–122 101.7 90–120 127–135

Acid value 0.434 5.31 2.8–3.4 3.1–3.7



them for planting energy crops in order to obtain
biomass for biofuels.

Third-generation biofuels

Unfortunately, the economic, social and ethi-
cal aspects hamper the development of the pro-
duction of the first two generations of biofuels.
The more acute this problem, the more interest-
ing acquires the development of third-generation
biofuels. The effective renewable biomass, which
does not need arable land and fresh water are al-
gae. These are simple organisms adapted to
growth even in polluted or salt water [16]. The
determining factors for the accumulation of algae
biomass are:

— intensity of solar radiation;
— water temperature;
— availability of biogenic elements;
— concentration of carbon dioxide.
Algae convert solar energy and carbon diox-

ide in the low-cost and highly productive raw
material for food, biofuels, animal feed and
highly valuable biologically active substances.
That is, these organisms have an effective appara-
tus of bioconversion of solar energy. The produc-
tivity of microalgae according to biomass exceeds
the productivity of terrestrial plants. The maxi-
mum value of the real growth of algae biomass
with the intensity of solar radiation 5623–7349
MJ per m2 per year (180–235 W/m2) make
38–47 g of dry biomass per square meter per day.

Algae comprise a plurality of single-celled
and multicellular species of organisms. They are
composed of proteins, carbohydrates, lipids and
nucleic acids. The percentage of these substances
depends on the type of algae. Some strains of al-
gae are ideally suited for the production of
biofuels due to the high oil content in them.
Microalgae according to the potential energy
yield in 8–25 times greater than the palm oil and
in 40–120 times than rapeseed, which allows to
classify them like typical representatives of vege-
table oil crops. There are certain types of these
plants, containing up to 40 % of the fatty acids.
Botryococcus braunii species of algae can up to
61 % of its biomass converted into the oil. This
oil can be extracted from algae and processed
into biodiesel. Biofuels derived from algae, con-
tains no sulfur, is non-toxic and well biodegrad-
able. The advantage of obtaining biodiesel from
algae is their high growth rate and therefore their
high yield of biomass per 1 hectare. The accumu-
lation of fat in the algae typically occurs under
conditions of nutrient deficiency [17].

Ten advantages of algae:
— algae are non-food biomass, the use of

which for fuel production does not represent
threats to food security;

— algae are grow in 20–30 times faster than
terrestrial plants (some species can double its
mass several times per day);

— they produce in 15–100 times more oil per
hectare than alternatives terrestrial crops — rape,
palm oil, soya or jatropha;

— they do not have a rigid shell and practi-
cally do not have lignin, which makes their pro-
cessing technology in liquid fuels simpler and
more efficient than processing of any ground bio-
mass feedstock;

— production and use of algae as a biofuel
not require changes in the legislation, as in the
case of ethanol;

— algae are growing in both fresh and salt
water, including industrial effluents, which is
used for purification;

— algae can be grown in bioreactors by in-
dustrial methods or in photobioreactors, illumi-
nated by artificial light sources, or in open con-
tainers on uncultivated soils, including deserts;

— photobioreactors embedded in technologi-
cal lines of already existing industrial enterprises
(HPP, petrochemical plants, cement plants);

— algae are reduce emissions of carbon diox-
ide (absorb to 90 %, �C);

— algae also is sources of oils, proteins, car-
bohydrates.

Particular interest is the cultivation of algae
using secondary resources. CO2 has been and re-
mains the biggest waste from industry. Algae can
use this gas industrial origin for their growth and
biomass synthesis because their metabolic processes
proceed more rapidly at higher carbon dioxide con-
centrations in the medium. Thus, the algae can
convert carbon dioxide from the negative issues
into positive factor which opens up prospects for
improving the ecological situation in the world.

Unique conditions for algae cultivation have
facilities for wastewater treatment plants. An ex-
ample is the construction of the TPP on
Kuryanovo wastewater treatment plants, running
on biogas. Biogas is obtained after the fermenta-
tion of sludge in primary clarifiers of treatment
facilities. As a result, the fermented sludge has
neither a pathogenic bacterium, and it can be
used as a high quality fertilizer. If into the TPP
scheme embeds a bioreactor with algae, we can
receive additional biomass for fuel, optimize
costs, since treated wastewater is a favorable en-
vironment for the growth of microalgae. Here all
year round available all necessary conditions for
photosynthesis: warm water, nutrients (into the
filtrate of wastewater after cleaning by active
sludge present enough phosphate and nitrate —
pollutants of the river), carbon dioxide (formed
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from the oxidation of organic matter and meth-
ane combustion at thermal power plants). Supply
the exhaust gas from TPP into the culture of
microalgae significantly stimulates their growth.
During the production of 1 kg of dry biomass of
algae consumed 1.9 kg of CO2, 80 g of nitrogen
and 13 g of phosphorus. Obtained biomass is the
raw material for a number of valuable products:
biofuels, organic fertilizer or animal feed. Thus,
can be solved two problems: waste recycling from
primary clarifiers of treatment facilities and
obtaining of biofuels [18].

The technological process of production of
biofuels from algae is practically wasteless. Dry
waste from biomass after extraction of biooil pre-
serve all vitamins and valuable substances, so they
can be used as feed in aquaculture and livestock
farms. Furthermore, it is possible to turn them
into another form of energy — briquettes [19].

It may be noted a number of potential ben-
efits of biofuel production based on photosyn-
thetic algae:

— in contrast to the raw materials for the
first and second generation of biofuel during pro-
duction of algae biomass not used fertile soil or
fresh water. That is the process of cultivation of
microalgae does not compete with agricultural
production;

— algae which used for the production of
biofuel are highly productive (up to 100 t/ha
per year);

— different algae produce bio-oil through
natural photosynthesis, which requires sunlight,
water and carbon dioxide and nutrients;

— growing algae use carbon dioxide, provid-
ing decline of greenhouse gases in the atmo-
sphere;

— algae produce a greater volume of biofuels
from the occupied areas than biofuel sources
based on agricultural crops;

— produced by algae bio-oil and the final
biofuel have a molecular structure similar to
crude oil and petroleum products;

— produced by algae bio-oil can be used to
produce the range of the fuel, including gasoline,
diesel fuel and jet fuel.

By 2030, the volume of production of
biofuels in the world can come close to oil pro-
duction. The basis of this production may be the
biomass of algae, which now are almost not used
or are used with a low efficiency. This is due to
the high cost of even simple algae production sys-
tems. At the present time, has not yet developed
the technology of mass algae culture, ranging
from the selection of highly productive strains of
algae that can be stably maintained in open wa-

ter, and ending low cost of their collection [20].
The main challenge that faces to algologists —
the need to achieve significant productivity of al-
gal biomass with high content of vegetable oils,
or other biofuel precursors, needed to cover large
capital and operating cost during algae produc-
tion. Nevertheless, all efforts to overcome these
limitations are justified, because potential of ap-
plication of those technologies without a rival in
comparison with food crops.

Potential of fourth-generation biofuels

Currently, being developed concepts and
technologies for fourth-generation biofuels, which
will be more cost-effective and environmentally
friendly (with a minimum cumulative of CO2
emissions in the atmosphere). Modeling of organ-
isms using techniques of genetic engineering is
the basis for the creation of such fuels. By replac-
ing some genes to other, scientists can make or-
ganisms capable to converting the simple sugar
and oil directly into biofuel precursors, allocate
these compounds directly into the aqueous
environment.

However to radically increase the photosyn-
thesis efficiency by genetic engineering methods
apparently will be very difficult.

Today, the main difficulty in obtaining
biofuel from grass, sawdust, potherbs of culti-
vated plants and the like consists in decomposi-
tion of a major component of plant cell — cellu-
lose — into the simple components [21].

The scientists used micro-organisms that live
in the intestines of ruminant animals — cows.
These microorganisms secrete specific enzymes,
which decompose cellulose to simple components,
which can then be absorbed by the body of the
animal.

Genomes of 20 species of bacteria belonging
to the genus Clostridium and Thermoanaero-
bacteraceae were investigated and a special
method of analysis of biological material devel-
oped, which has allowed deciphering the DNA of
the still largely mysterious microorganisms. In
this regard, it identified about 30,000 genes po-
tentially capable to performing the functions of
cellulose decomposition. Of these were selected
90 genes of enzymes that have been tested for ac-
tivity in processes of cellulose splitting. About
20 % of this gene showed the ability to actively
decompose the cellulose contained in panic grass.
Thus, scientists have discovered previously un-
known genes of enzymes that can be used for ge-
netic transformation and development of microor-
ganisms for biofuel production from waste crop
waste and weeds.
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In the United States biologists managed to
get a few strains of E. coli bacteria, which are
able to immediately implement all the biofuel
production process. Biofuel production process
involves two steps. During the first stage the
bacterium is cleaved cellulose and hemicellulose.
During the second stage cleavage products syn-
thesize into biofuels. Set of microorganisms
strains combine both challenging stage of biofuel
production. These organisms cleaved all compo-
nents of biomass and converted obtained elements
into the sugar from which they themselves create
molecules of organic fuel [22].

Scientists inserted into the genome of E. coli
genes that are responsible for the breakdown of
cellulose and hemicellulose and selection of
biofuel. Comparing different types of bacteria
that break down biomass, the researchers chose
the ten most efficient enzymes and inserted into
the genome of E. coli genes corresponding to
these enzymes [23]. As a result, the bacteria with
genes responsible for the cleavage of hemicel-
lulose, and genes that break down cellulose have
earned and began to form the intermediate frag-
ments of oligomers. Genes have earned so that
oligomers began to stand out in the growing envi-
ronment out of bacteria. Similar sets of genes
that break down already cellulose oligomers and
hemicellulose, connected to the previous so that
they began to work when in a nutrient solution
accumulated a sufficient number of cellulose and
hemicellulose fragments. The last stage of build-
ing of «architecture» of bacteria-bioreactors was
the accession to the modified genomes of E. coli
genes which will synthesize biofuels. In fact,
there was a «living conveyor» which produces
biofuels. Scientists have tested the viability of
new bacteria in practice, for this purpose sown
by bacteria processed biomass from the stems and
leaves of giant panic grass [24].

Thus, strains of E. coli, which carry out
mechanisms of the synthesis of three different
types of biofuels have been developed. This al-
lowed demonstrating that synthesis of fuel substi-
tutes or precursors for gasoline, diesel and jet
fuel takes place directly in the liquid medium of
treated panic grass without adding hydrolase en-
zymes. Such demonstration is an important step
in the implementation of the weakening of differ-
ences in the implementation process of biofuel
production [25].

Scientists developed the interesting «elect-
romicrobial» system, which at the entrance re-
ceives electricity and carbon dioxide, and at the
exit produces isobutanol and 3-methyl-1-butanol
— substances which can be used as a liquid fuel

suitable for internal combustion engines. The
main component in this system is a genetically
modified bacterium – Ralstonia eutropha. At the
cathode synthesized formate (HCOO), which is
absorbed by the bacteria. Oxidizing the formate,
bacteria produce NADH, which is then used for
the synthesis of organic CO2. Besides the sub-
stances necessary for life and growth of micro-or-
ganisms, the bacteria synthesize biofuels using
the built in their genome complex of genes. This
genetic structure has been developed previously
and has been tested on the E. coli. The main ele-
ments are the genes of enzymes performing
decarboxylation of ketoacids that are produced
by bacteria as intermediate products during the
synthesis of amino acids of valine and leucine
[26]. As a result substance «intended» for the
synthesis of valine is partially converted to
isobutanol, and from a precursor of leucine is
produced 3-methyl-1-butanol. As a result, the mi-
crobes can grow in the reactor and produce
biofuels and carbon dioxide using an electric cur-
rent as the sole energy source.

Conclusion

The environmental component and the eco-
nomic performance of different methods of
biofuel producing make them insufficiently prof-
itable to completely replace the use of fossil fu-
els. The problem of obtaining the hydrocarbon
biomass in such quantities or such cost price, so
they could compete with oil, may be complicated
even for the modified microorganisms. The main
purpose is to create a genetic code from scratch,
by controlling all parameters.

Today, the rapid process of European inte-
gration and adopting international environmental
standards forcing enterprises of aviation industry
stepping up its activities intended to reduction
environmental impact.

It should be noted that the actual problem
now is to develop effective measures to reduce
the negative impact of civil aviation on nature
and people. The growing need of international
traffic requires more energy expenditure. Com-
pounding this trend depletion of traditional en-
ergy resources, decline of oil production and the
consequent reduction of liquid fuel, including
and jet fuels is expected. The search and widen-
ing of new renewable resources, development of
progressive technologies of fuels production and
their rational use in transport, mainly in avia-
tion, is one of the priority tasks nowadays. Tak-
ing into account all the mentioned above factors
it is necessary to use renewable environmentally
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friendly and comparatively chip feedstock. The
advantages of renewable energy are: natural ori-
gin, rapidity of renewal, absence of extra CO2
emissions, less negative impact on environment,
easy biodegradation in nature
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Ïåðñïåêòèâû èñïîëüçîâàíèÿ áèîòîïëèâà ðàçíûõ
ïîêîëåíèé äëÿ ìèíèìèçàöèè âëèÿíèÿ ñîâðåìåííîé

àâèàöèè íà îêðóæàþùóþ ñðåäó

Âûïîëíåí îáçîð ïåðñïåêòèâ ðàçâèòèÿ è âíåäðåíèÿ àëüòåðíàòèâíûõ ìîòîðíûõ òîïëèâ
èç ðàçíûõ âèäîâ áèîìàññû. Îñâåùåíû ïðîáëåìû ñîâðåìåííîé òðàíñïîðòíîé îòðàñëè,
ñâÿçàííûå ñ îãðàíè÷åíèåì òðàäèöèîííûõ ýíåðãåòè÷åñêèõ ðåñóðñîâ, èñïîëüçóåìûõ äëÿ
ïðîèçâîäñòâà ìîòîðíûõ òîïëèâ. Îïðåäåëåíû îñíîâíûå ýêîëîãè÷åñêèå ïðîáëåìû, ñâÿ-
çàííûå ñ èñïîëüçîâàíèåì òðàäèöèîííûõ àâèàöèîííûõ òîïëèâ. Ïðèâåäåíû ñîâðåìåí-
íûå òåíäåíöèè ïåðåõîäà îò òðàäèöèîííîãî àâèàöèîííîãî òîïëèâà ê àëüòåðíàòèâíîìó.
Âûïîëíåí âñåñòîðîííèé àíàëèç øèðîêî èçó÷åííûõ âèäîâ áèîìàññû äëÿ ïðîèçâîäñòâà
áèîòîïëèâà. Ïðåäñòàâëåíû åå ïåðñïåêòèâíûå âèäû, êîòîðûå ìîãóò áûòü äîñòàòî÷íî
ýôôåêòèâíî âíåäðåíû â áëèæàéøåå âðåìÿ. Ðàññìîòðåíû îñíîâíûå ñâîéñòâà ìàñëè÷-
íûõ ðàñòåíèé, èñïîëüçóåìûõ äëÿ ïðîèçâîäñòâà áèîòîïëèâà, à òàêæå ïðåèìóùåñòâà èñ-
ïîëüçîâàíèÿ áèîòîïëèâà èç ðàññìîòðåííûõ âèäîâ áèîìàññû ïî ñðàâíåíèþ ñ òðàäèöè-
îííûìè ìîòîðíûìè òîïëèâàìè. Áèáë. 26, ðèñ. 1, òàáë. 4.
Êëþ÷åâûå ñëîâà: ýíåðãåòè÷åñêèå ðåñóðñû, àâèàöèîííîå òîïëèâî, áèîìàññà, áèîòîïëè-
âî, ìèêðîâîäîðîñëè, ìàñëî ñîðãî, ìàñëî ðûæåÿ, ìàñëî ÿòðîôû.
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Ïåðñïåêòèâè âèêîðèñòàííÿ á³îïàëèâ ð³çíèõ ïîêîë³íü
äëÿ ì³í³ì³çàö³¿ âïëèâó ñó÷àñíî¿ àâ³àö³¿

íà íàâêîëèøíº ñåðåäîâèùå

Çðîáëåíî îãëÿä ïåðñïåêòèâ ðîçâèòêó òà âïðîâàäæåííÿ àëüòåðíàòèâíèõ ìîòîðíèõ
ïàëèâ ç ð³çíèõ âèä³â á³îìàñè. Âèñâ³òëåíî ïðîáëåìè ñó÷àñíî¿ òðàíñïîðòíî¿ ãàëóç³,
ïîâ’ÿçàí³ ç îáìåæåííÿì òðàäèö³éíèõ åíåðãåòè÷íèõ ðåñóðñ³â, ùî âèêîðèñòîâóþòüñÿ
äëÿ âèðîáíèöòâà ìîòîðíèõ ïàëèâ. Âèçíà÷åíî îñíîâí³ åêîëîã³÷í³ ïðîáëåìè, ïîâ’ÿçàí³ ç
âèêîðèñòàííÿì òðàäèö³éíèõ àâ³àö³éíèõ ïàëèâ. Íàâåäåíî ñó÷àñí³ òåíäåíö³¿ ïåðåõîäó
â³ä òðàäèö³éíîãî àâ³àö³éíîãî ïàëèâà äî àëüòåðíàòèâíîãî. Çðîáëåíî âñåá³÷íèé àíàë³ç
øèðîêî âèâ÷åíèõ âèä³â á³îìàñè äëÿ âèðîáíèöòâà á³îïàëèâà. Ïîêàçàíî ¿¿ ïåðñïåêòèâí³
âèäè, ÿê³ ìîæóòü áóòè äîñèòü åôåêòèâíî âïðîâàäæåí³ íàéáëèæ÷èì ÷àñîì. Ðîçãëÿíóòî
îñíîâí³ âëàñòèâîñò³ îë³éíèõ ðîñëèí, ùî âèêîðèñòîâóþòüñÿ äëÿ âèðîáíèöòâà á³îïàëèâ,
à òàêîæ ïåðåâàãè âèêîðèñòàííÿ á³îïàëèâ ç ðîçãëÿíóòèõ âèä³â á³îìàñè ó ïîð³âíÿíí³ ç
òðàäèö³éíèìè ìîòîðíèìè ïàëèâàìè. Á³áë. 26, ðèñ. 1, òàáë. 4.
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