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Problem forming

Nowadays modern transport sector is faced to number of problems. One of them is constant growth of
prices for fuel, caused by depletion of the world energy resources. Basing on statistical data, deposits of oil
are estimated for 40 years, natural gas and coal — 70 and 230 years correspondingly. So resources are being
exhausting but their demand is growing [1]. Another side of the problem is ecological situation and
contribution of transport to its worsening. Air transport in particular has an impact on the environment both
at local (atmospheric and noise pollution) and global (global warming, greenhouse gas emissions) levels. In
terms of global pollution, air traffic is responsible for direct and indirect emissions of greenhouse gases:
water vapors, carbon dioxide, tropospheric ozone, methane and so on [2]. All these facts have caused a
necessity in substitution of conventional jet fuel with alternative one.

Various kinds of biofuels have been proposed as an ecologically benign alternative to fossil fuels.
There is, however, considerable uncertainty in the scientific literature about their ecological benefit. Here,
we review studies that apply life-cycle analysis (LCA), a computational tool for assessing the efficiency and
greenhouse gas (GHG) impact of energy systems, to biofuel feedstocks. Published values for energy
efficiency and GHG differ significantly even for an individual species, and we identify three major sources
of variation in these LCA results. By providing new information on biogeochemistry and plant physiology,
ecologists and plant scientists can increase the accuracy of LCA for biofuel production systems.

Analysis of researches and publications

Alternative fuels, known as non-conventional or advanced fuels, are any materials or substances that
can be used as fuels, other than conventional fuels. In a general sense, alternative fuels as they are currently
conceived, are those, produced or recovered without the undesirable consequences inherent in fossil fuel use,
particularly high carbon dioxide emissions, an important factor in global warming. Conventional fuels
include: fossil fuels (petroleum (oil), coal, propane, and natural gas) [2].

Alternative fuels are derived from resources other than petroleum. However, not all alternative fuels
can be considered as ecologically friendly. For example, fuels produced from such alternatives as oil shales
or oil sands still have negative impact on environment.

One more notion related to environmental safety of fuels in renewable fuels. Renewable fuels are
socially and politically defined category of fuels that are generally defined as fuels that come from resources
which are continually replenished on a human timescale and produced from renewable energy sources.
Biofuels are produced from living organisms or from metabolic by-products (organic or food waste
products). Often, they produce less pollution than gasoline or diesel [2, 3].
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These fuels are made by a biomass conversion (biomass refers to recently living organisms, most
often referring to plants or plant-derived materials). This biomass can be converted to convenient energy
containing substances in three different ways: thermal conversion, chemical conversion, and biochemical
conversion. This biomass conversion can result in fuel in solid, liquid, or gas form. This new biomass can be
used for biofuels. Biofuels have increased in popularity because of rising oil prices and the need for energy
security.

During last decades implementation of alternative fuels and biofuels in particular for motor transport
became very popular. Comparing to previous years, today in most countries there is a governmental
obligation for use of certain share of biofuels. Today the share of biofuels comparing to oil-derived fuels is
the USA is 6-7%, Brazil — 15%, China — 2,5%, EU countires 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% [3]. Thus, the share of biofuels in total balance of fuel
in transport sector will reach 4-6% till 2030. According to other data [4, 5] the share of biofuels in total
energy resources balance will be about 10 — 12%.

Only several years ago the question of alternative jet fuels use in aviation has rised. This process was
stipulated by such organizations as IATA, ICAO and others.

"Drop-in" biofuels are biofuels that are completely interchangeable with conventional fuels. Deriving
"drop-in" jet fuel from bio-based sources is ASTM approved via two routes.

The first route involves using oil which is extracted from plant sources like jatropha, algae, tallows,
other waste oils, Babassu and camellina to produce bio-SPK (Bio derived synthetic paraffinic Kerosene) by
cracking and hydroprocessing.

The growing of algae to make jet fuel is a promising but still emerging technology. Companies
working on algae jet fuel are Solazyme, Honeywell UOP, Solena, Sapphire Energy, Imperium Renewables,
and Aguaflow Bionomic Corporation. Universities working on algae jet fuel are Arizona State University
and Cranfield University [5].

Major investors for algae based SPK research are Boeing, Honeywell/UOP, Air New Zealand,
Continental Airlines, Japan Airlines, and General Electric.

The second route involves processing solid biomass using pyrolysis to produce pyrolysis oil or
gasification to produce a syngas which is then processed into FT SPK (Fischer—Tropsch Synthetic Paraffinic
Kerosene).

The main challenges to a wide deployment of biojet fuels are not technical, but commercial and
political

Currently, biojet fuels are significantly more expensive than Jet A/Al, therefore demand is low and
risk is high for investment in production infrastructure. Carefully designed policy is needed to foster
investment and development of biojet production capacity.

In the United States combination of incentives according to the Renewable Fuel Standard (RFS) and
incentives for agriculture, under the right conditions, can open the possibility of price competitive biojet fuel
being available. An example of late 2013 is the United Airlines purchase agreement (reported as price
competitive) with AltAir Fuel to purchase 5 million gallons per annum for three years. The European Union,
with its Biofuels Flightpath project, has set a target of two million tons per year of aviation biofuels in
Europe in 2020, which is about three to four percent of total jet fuel use in Europe. Aireg in Germany has set
a target of 10% of alternative aviation fuel for 2025. Indonesia has introduced a biojet fuel mandate of 2%
commencing in 2016, rising to 5% by 2025. The most important and known flights executed using various
kinds of biofuels are presented in table 1.

A three percent volume blend-in of sustainable second generation biojet fuel yearly worldwide would
reduce aviation CO, emissions by about two percent, which would be a reduction of over 10 million tons of
COs,. This would require investment of around $10 — 15 billion in production and distribution facilities [1-3].

Purpose

The industry is exploring reliable alternatives to conventional jet fuel that are sustainable and have a
smaller carbon footprint. Biofuels are being introduced with the aim of enhancing energy supply and
reducing GHG emissions during aircraft operation. The impact on the former is clear, while that on the latter
is uncertain. LCA, the preferred method today for estimating the latter, has become an important tool in the
design, implementation, and measurement of policy impacts toward biofuels. LCA is a construct that is
valuable but prone to misuse and to errors.

Analysis suggests further methodological development such as the inclusion of price effects,
dynamics of carbon emissions and technological change, general equilibrium effects, and a distinction
between marginal and average effects before it is employed as a decision-making tool by policy makers.
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Table 1 World experience in jet biofuels use

Date |Operator|Platform| Biofuel Details
June KLM Boeing Eégi?ized KLM flew the world's first commercial biofuel flight,
2011 737-800 il carrying 171 passengers from Amsterdam to Paris
Jatropha First German com_mercial_biofuel‘s flight, and the start of 6
_ camelina; m_onth regular series of _fllghts fro_m Hamburg'tc-) Frankfurt
July Lufthansa Airbus plant an d, with one of the two engines use biofuel. It officially end at
2011 A321 animal January 12, 2012 with a flight from Frankfurt to
p Washington and would not take biofuel further unless the
ats . !
biofuel was more widely produced.
The 1,500 km journey between Amsterdam and Helsinki
was fuelled with a mix of 50 percent biofuel derived from
July o Airbus Proce_:ssed uged _cooking qil ar_wd 50 percent conventional jet fuel.
2011 Finnair A319 cooking |Finnair says it will conduct at least three weekly
oil Amsterdam-to-Helsinki flights using the biofuel blend in
both of the aircraft's engines. Refueling will be done at
Amsterdam Airport Schiphol.
Boeing | Processed KLM begins weekly flights by a Boeing 777-200 between
March KLM 777. cookin JFK Airport in New York City, USA and Amsterdam’s
2013 ; 9 |schiphol Airport, Netherlands using Biofuel supplied b
206ER  |oil P port, g pplied by
SkyNRG.

Policy makers should also consider non-GHG environmental impacts that would result from biofuels
which has not received much attention in the LCA literature. Fuel quality standards based on LCA are likely
to be more costly than controlling GHG emissions by a carbon tax or a global cap-and-trade scheme.

Main requirements for jet biofuels

The biofuel industry, which produces liquid fuels mostly from grain, sugar, and oil crops, emerged to
a large extent in response to the rising price of fuels and the increased dependence on fossil fuel produced in
politically unstable regions. The impetus for the production of biofuel is also its supposed contribution to a
slowdown of climate change. Theoretically, net emissions of greenhouse gases (GHG) from biofuels may
reach zero because the carbon emitted while burning was sequestered during photosynthesis. In reality,
however, the production of biofuel requires energy (for fertilizer production, transportation and conversion
of feedstock, etc.), and this gives rise to net positive GHG emissions, like other fuels. Thus, the more
pertinent question is whether biofuels emit less overall GHG than other fuels. The methodology of life-cycle
analysis (LCA) has been used to compare the total energy and the net GHG emissions of various biofuels
with that of gasoline or other liquid fossil fuels. Proposed policies suggest relying on LCA to regulate the use
of various biofuels. LCA is a systems approach to evaluating the environmental footprint of industrial
processes. The goal behind the development of LCA was to quantify the resource and environmental
footprint of industrial activities over its entire life cycle from raw material extraction, manufacturing, and use
until ultimate disposal. By resource footprint we mean the total physical flow of both extractive resources
such as materials, energy, water, etc. and polluting resources like greenhouse gases, criteria air pollutants,
toxic chemicals, etc. through the various stages of the life cycle. Studies that use LCA to analyze corn
ethanol have come to widely different conclusions about the net GHG benefits. Farrell et al., through a meta-
analysis of several earlier LCA studies, conclude that corn ethanol generates 0.8 units of GHG for each unit
it saves.

Sustainable jet biofuels allow airlines to reduce their carbon footprint, ease their dependence on fossil
fuels, and offset the risks associated with the high volatility of oil and fuel prices.

Biofuels should be made from a wide variety of sustainable, non-food biomass sources such as:
Camellina is an energy crop that grows in rotation with wheat and other cereal crops.

Halophytes thrive in salty regions where little else grows.
Jatropha can be grown on degraded lands and is resistant to drought.
Switch grass grows quickly, needs little water and produces a high yield of biomass.
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Used cooking oil can be easily collected and recycled.

Agricultural and forestry by-products yield valuable biomass without requiring dedicated land.
Municipal waste contains biomass and can be diverted from landfills.

Algae are simple, photosynthetic organisms.

Can be grown in polluted or salt water.

Can produce up to 250 times more oil per unit area than soybeans.

Main requirements for sustainable alternative jet fuels:

e Can be mixed with conventional jet fuel, can use the same supply infrastructure and do not require
adaptation of aircraft or engines (drop-in fuel).

e Meet the same specifications as conventional jet fuel, in particular resistance to cold (Jet A: -40°C,
Jet A-1: -47°C), and high energy content (min 42.8 MJ/kg).

e Meet sustainability criteria such as lifecycle carbon reductions, limited fresh water requirements,
no competition with food production and no deforestation

e Automotive bioethanol and biodiesel are not suitable.

e Sustainable aviation biofuels (“biojet fuels”) are one of the most promising solutions to meet
the industry’s ambitious carbon emissions reduction goals.

Lifecycle greenhouse gas emissions from biofuels can be up to 80% lower than traditional jet fuel
emissions.

A Sustainable Aviation Fuel (SAF) sustainability certification verifies that the fuel product, mainly
focusing on the biomass feedstock, has met criteria focused around long-term global environmental, social
and economic "triple-bottom-line” sustainability considerations. Under many carbon emission regulation
schemes, such as the European Union Emissions Trading Scheme, a certified SAF product may be granted
an exemption from an associated carbon compliance liability cost. This marginally improves the economic
competitiveness of environmentally favorable SAF over traditional fossil-based jet fuel. However, in the near
term there are several commercialization and regulatory hurdles that are yet to be overcome through the
collaboration of a variety of stakeholders for SAF products to meet price parity with traditional jet fuel and
to enable widespread uptake.

The first reputable body to launch a sustainable biofuel certification system applicable to SAF was the
academic European-based Roundtable on Sustainable Biofuels (RSB) NGO. This multi-stakeholder
organization set a global benchmark standard on which the sustainability integrity of advanced aviation
biofuel types seeking to use the claim of being a Sustainable Aviation Fuel can be judged. Leading airlines in
the aviation industry and other signatories to the Sustainable Aviation Fuel Users Group pledge support the
RSB as the preferred provider of SAF certification. These airlines believe it important for any proposed
aviation biofuels have independently certified sustainable biofuel long term environmental benefits
compared to the status quo in order to ensure their successful uptake and marketability.

Jet Biofuels Certification on Sustainability

The Derective on the promotion of the use of energy from renewable sources (Renewable energy
directive — RED), adopted in 2009, was put in place to ensure that all the 27 member states of the European
Union achieve specified targets for use of renewable fuels and reduction of greenhouse gas (GHG) emissions
across all energy sectors, with specific requirements for the subset of fuels used for transportation [6]. A
companion directive, the Fuel Quality Directive (FQD), has additional, complementary requirements for
GHG reductions within the transport sector [7]. These directives place certain obligations on EU member
states, but also create certain requirements with which developers or producers of renewable fuels must
comply in order for their fuels to qualify as “renewable” under the regulations.

The Renewable Energy Directive sets targets for the use of renewable fuels which member states
must meet, by enacting national laws consistent with the Directive. These targets are as follows:

e Derive 20% of overall energy consumption, across all sectors, from renewable sources by 2020.

e Derive 10% of energy consumption within the transport sector from renewable sources by 2020.

e Achieve greenhouse gas emission reductions of at least 35%, relative to fossil fuels, by mid-2010,
with this target rising to 50% in 2017 and 60% in 2018, for fuels produced in 2017 or later. However, fuel
production plants that were in operation as of January 2008 had until April 2013 to meet the 35% GHG
reduction requirement.

The Fuel Quality Directive (FQD), formally known as Directive 2009/30/EC of the European
Parliament and of the Council, and which amended Directive 98/70/EC, was also adopted on April 23, 2009.
It establishes the specifications (standards) for transportation fuels to be used across the EU. The Directive
also requires that all fuel suppliers (e.g. oil companies) must meet a 6% reduction of GHG emissions by
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2020, relative to 2010 baseline levels, across all fuel categories. This reduction in emissions could be
achieved using any low-carbon fuel options, such as hydrogen or electricity, but it is generally expected that
the use of biofuels will account for most of the targeted reductions. The target of 6% is designed to be
consistent with the use of 10% biofuel with an average 60% carbon saving to comply with the Renewable
Energy Directive, as described above. The FQD also establishes that ethanol may be blended into gasoline
(petrol) up to a limit of 10% v/v, although this is subject to national laws in the member states.

More importantly, renewable fuels must be produced sustainably: that is, in order for a fuel to be
considered as “renewable” under the RED, it must be analyzed and certified to be in compliance with
sustainability criteria established in the Directive. The required sustainability analysis incorporates, but goes
well beyond, considerations addressed in typical LCAs [8]. There are twelve different factors which must be
considered in these analyses, including Local Food Security, Human and Labor Rights, Rural and Social
Development, and others including lifecycle GHG emissions. The requirements to conduct these analyses are
quite complicated, and for this reason the EU has established a requirement that any proposed scheme or
methodology for conducting sustainability analyses under the RED must be certified by the EU before any
fuel provider can rely on such a scheme to establish its eligibility. Figure 1 represents the basic scheme for
biofuels certification in European Union.

@iofuels Sustainability CertiﬁcatiorD

Sustainability Certification Schemes: Third party
regulation ISCC, Bonsucro EU, RTRS EU verification body
EU- Renewable: K—y| RED,RSBEURED,2BSvs, K3 SGS, Bureau
Energy Directive RSBA, Greenergy, Ensus, Red VC”‘"‘?‘- CS Global
USA = Renewable Tractor, Red Cert, and others Services, DNV
Business Assurance,

Fuel Standard

Intertek, and others

Certification Criteria

- Greenhouse gases
. - High biodiversity value lands use
Compllance - High carbon stock lands use
{ - Peatland use

- Requirements to good agricultural and

ccological conditions

- Social sustainability
- Water, soil and air protection measures

Feedstock I
Review Proofs of

Compilance

Verification

o

o Certified fuel Fuel operator
Airline L
(provider)

Presents Certificate Presents Certificate to
for ETS compliance authorities for
in Europe legislation compliance

Fig. 1. Biofuels sustainability certification scheme

e Companies that are producing fuels that are included within the “look-up table” within the RED
can rely on the carbon intensities specified in the regulations. However, companies developing a new
pathway must not only conduct an LCA to establish the carbon intensity but must also have the fuel pathway
certified as sustainable. Because the EU sustainability criteria go beyond technical issues and encompass
social issues, this imposes a requirement that is broader in scope than what is required in the U.S under the
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Renewable Fuel Standard (for example), and so this may be somewhat burdensome to biofuel producers,
especially smaller, newer companies. However, several companies have announced successful completion of
these requirements. To give two recent examples:

e Agro2 S.A., located in Veraguas, Panama, says it is the first company in Panama to be certified
under the EU’s Renewable Energy Directive by the International Sustainability and Carbon Certification.
This certification confirms the compliance of Agro2’s production and processing of ethanol using a cassava
feedstock with the sustainability criteria set out in the EU RED.

Argos Qil has become the first European company to introduce sustainable certified sugarcane
ethanol into the European market. The certification was granted by Bonsucro, one of the international
organizations whose sustainability criteria meet the requirements of the EU Renewable Fuels Directive. The
Solaridad network, a specialized organization for sustainable development, assisted in obtaining this
certification.

The adoption of the RED seems to have stimulated the growth of the biofuel industry in Europe,
although it seems likely that biofuel use is not growing as rapidly as might be needed to meet the directive’s
goals for later this decade. Although the comprehensive sustainability analysis required under the directive
would seem to be a deterrent for companies wishing to enter the EU market with renewable fuels, there is
ample evidence that many companies, large and small, have taken the steps to have their products certified
under one of the approved schemes mentioned above [8, 9].

Quantifying how biofuels reduce GHG emissions and how energy efficient they are requires a life-
cycle analysis (LCA). This holistic approach ideally takes full account of all stages of the production and use
of a biofuel, including the GHG emissions and energy efficiencies associated with the resources required for
its production.

As a rule of thumb, the life-cycle energy balance improves and global warming potential decreases
when cultivation is less intensive, particularly with less fertilizer and less irrigation, and if the end product is
straight vegetable oil rather than biodiesel. The energy-efficient use of the by-products also significantly
improves the sustainability and environmental impact of biofuels.

Life-cycle-assessments (LCA) of biofuels show a wide range of net greenhouse gas balances
compared to fossil fuels, depending on the feedstock and conversion technology, but also on other factors,
including methodological assumptions[10]. For ethanol, the highest GHG savings are recorded for sugar
cane (70% to more than 100%), whereas corn can save up to 60% but may also cause 5% more GHG
emissions. The highest variations are observed for biodiesel from palm oil and soya. High savings of the
former depend on high yields, those of the latter on credits of by-products. Negative GHG savings, i.e.
increased emissions, may result in particular when production takes place on converted natural land and the
associated mobilisation of carbon stocks is accounted for. Land conversion for biofuel crops can lead to
negative environmental impacts including implications such as reduced biodiversity and increased GHG
emissions.

Efforts to find sustainable, renewable sources of energy are growing and at the center of that trend is
the switch from fossil fuels to crop-based biofuels. However, there are big differences. While corn-derived
ethanol is among the least efficient, most environmentally damaging, and overall least sustainable biofuel
feedstock, in comparison earns green credentials and can be grown on marginal land without replacing food
crops.

Environmental impacts of the production system are divided between biofuel and by-products
according to their energy content or heir economic value. Moreover, the results when no allocation is made
are presented, i.e. when the whole environmental impact is allocated to the biofuel. One advantage of energy
allocation is that this method is constant over time. Within the RED of the EU a decision is made that energy
allocation is to be used when calculating the environmental performances of biofuel. In the calculation
methodology being developed in the Renewable Energy Directive of the EU, it is, as previously mentioned,
proposed that carbon stock changes due to changes in cultivation systems are to be included, i.e. direct land
use effects, where relevant. This proposal is in turn based on the current international research on LCA of
biofuels that describes the need to consider this aspect. In addition, biogenic emissions of nitrous oxide are to
be included independently of land use reference as these emissions are usually calculated on the basis of the
amount of nitrogen fertilizer applied. Hence the results of the present study are also presented using this
methodology. This assessment, however, is marred by uncertainties and is mainly to be seen as an attempt to
minimize the risk of underestimating the effects of direct land changes. Another uncertainty is the large
variation in the size of the carbon losses from grasslands, which amongother things, depend on how long the
ground has been grass-covered. Carbon stock changes are slow processes that may proceed for 30-50 years
before new states of equilibrium are reached.
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The environmental impact categories considered are:

1) the greenhouse effect (Global Warming Potential, GWP);

2) eutrophication potential (EP);

3) acidification potential (AP);

4) formation of photochemical oxidants (Photochemical Oxidant Creation Potential, POPC);

5) particulates;

6) energy balance.

In particular, the greenhouse gas balance and eutrophication potential are investigated, as shown in
extra detail in the Appendix, since these two environmental effects are considered to be the most critical for
biofuels today.

LCA during production of alternative jet fuels

Various kinds of alternative jet fuels had appeared during recent years. Among them are: derived
from unconventional oil resources such as oil sands and oil-shales, derived synthetically from natural gas,
coal, or biomass via the FT-process, derived from renewable oils (biodiesel, biokerosene, hydroprocessed
renewable jet — HRJ or Hydrotreated Vegetable Oil — HVO).

However, emissions from the jet engine are not the only environmental concern connected to aviation
industry activity. The whole life-cycle of the fuels must be studied. This variety of alternative jet fuels
developed nowadays requires complex multiple analysis that comprises raw material limitation, impact on
environment and human health, energy safety, trends and dynamics of price formation.

When considering biofuels, issues such as land use, fertilizer use, water for irrigation, waste products
etc. must be addressed. This type of analysis is called “cradle to grave” or “life cycle assessment” and must
be conducted for every kind of new fuel before its industrial production. Similarly, with use of coal or shale,
there are issues with mining, both deep-hole and strip mining, water use, run-off from mine sites, and waste
material utilization. Processes of oil-shales refining and fuel manufacturing usually require considerably
larger energy inputs than during crude oil refining, and consequently emissions of greenhouse gases are also
more significant. Moreover, formation of greenhouse gases is influenced by factors such as construction of
installation for oil-shale refining, use of electric power for installation heating, way of energy receipt, value
and quality of by-products, availability of device for CO, and other gases catching. During process of
synthetic jet fuel production from gas, volume of discharged greenhouse gases is in 1,8 times and from coal
is in 2 — 2,4 times higher than resulting from oil refining. Thus any processing of raw material into finished
fuel is energy intensive, resulting in emissions of carbon dioxide, a significant greenhouse gas. In contrast,
growth of biomass removes carbon dioxide from the atmosphere so use of biomass-derived fuel in place of
fossil-derived fuel can potentially result in a net decrease in carbon dioxide emissions.

Today a great variety of technologies and raw material for alternative jet fuels production are
available. In the final analysis any of these fuels should possess the following characteristics:

o worldwide distribution on account of intercontinental flights;

e the compatibility of alternative fuels with existing engines with no need to make significant
changes to the engine or aircraft construction;

o alternative fuels must provide both environmental and exploitation safety at all stages of its life
cycle.

Conclusions

Assessment of the sustainability of biofuels is challenged by the varied perspectives of diverse
disciplines that contribute to biofuel research. Although LCA is a holistic approach to biofuel energy
systems, much of the LCA work published so far has been isolated from the plant science and ecology
communities, whose members study processes, such as the biogeochemical cycles of carbon, nitrogen and
water, that underlie the sustainability of biofuel crops. The literature that reports environmental and energy
benefits of biofuels is controversial owing to the lack of adherence to proposed LCA standards, and these
standards are not well informed by ecological theory. Most LCA results for perennial and ligno-cellulosic
crops conclude that biofuels can supplement anthropogenic energy demands and mitigate GHG emissions to
the atmosphere. Wide-ranging estimates of biofuel GHG balances can be refined by identifying plant-
mediated processes that should be included in LCA. Nutrient cycling and pollution mitigation, processes
controlled by ecological systems, are currently not well integrated into LCA studies. A clear assessment of
the environmental consequences of producing biofuels is essential for determining their sustainability
relative to fossil fuels. Standardized and equally holistic assessments of biofuel and fossil fuel production
systems must be made to acquire a scientific consensus about the benefits of biofuels. Of the studies
reviewed here, the most complete side-by-side LCA of biofuel production relative to fossil fuel production
resulted in the largest estimated reduction of GHG with biofuels.
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Plant scientists and ecologists must place new discoveries of genetically modified biofuel crop species
and their interactions with climate, soil and microbial communities in the context of clearly defined spatial
and temporal boundaries. Furthermore, these discoveries must be communicated in a common terminology
to engineers, economists and policy-makers who work on other aspects of the biofuel production system.
Biogeochemical processes that are mediated by biofuel crops must be fully integrated with the economic
costs and benefits of the biofuel production chain and compared with parallel holistic descriptions of the
fossil fuel production chain. Second-generation biofuels hold great promise for supplementing the energy
supply, but the ecological and environmental consequences of increasing our use of biofuels will not be fully
understood without a transparent and standardized approach to LCA, based on new collaborations among
ecologists, economists.
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ABSTRACT

lakovlieva A.V., Lejda K., Boichenko S.V., Vovk O.0., Analysis of European practice in sphere of
jet biofuels certification. Proceedings of the National Transport University. Kyiv. National Transport
University. 2014. Vol. 30.

Analysis of European experience in the spehere of aviation biofuels certification is presented in the
article. Detailed analysis of the material shows that feedstock for aviation biofuel production can be obtained
from a great diversity of biomass, but it should be sustainable obligatory. The main purpose of aviation
biofuels application is aimed on reduction of carbon dioxide emissions 80 % lower comparing to the use of
conventional jet fuel. Today, number of airlines has already started practicing jet biofuels during their regular
flights. The list of companies succeeded in this experience is given in the article. However, before
application in aviation, biofuels need to meet a set of requirements. In order to unify these requirements EU
authorities introduced the Renewable energy directive (RED) that is considered in the article. One more
directive — about fuel gquality (FQD) is also related to this topic. The article gives detailed overview of these
directives. Another issue presented in the article is sustainability certification of biofuels in EU. The current
scheme of certification of aviation biofuels sustainability is described along with the activity of leading
companies executing such kind of certification. The article pays attention on the criteria that should be met
during biofuels certification. Among them are: greenhouse gases, high biodiversity value lands use, high
carbon, stock lands use, peatland use, requirements to good agricultural and ecological conditions, social
sustainability, water, soil and air protection measures. One more issue considered in this work is life-cycle
assessment (LCA) of biofuels. Life-cycle assessment is used as a tool for estimation greenhouse gases
emissions reduction using biofuels comparing to traditional jet fuels. Other words it is used as a methodology
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for biofuels efficiency estimation. Results of life-cycle assessment of various kinds of alternative fuels have
shown that fuels obtained from renewable feedstock have less negative impact on environment comparing to
conventional fossil fuels. The article describes briefly the most developed and popular technologies of
alternative jet fuel production (including both from renewable and non renewable feedstock). However,
despite the type of resource used, there is a set of general requirements that jet fuels should meet. These
requirements foresee certain physical-chemical and exploitation properties, which fuels should posses. The
requirements are described in the article and should be satisfied obligatory. First of all it is explained by that
fact that jet fuels quality plays an exclusively important role in provision of flight safety and aircraft
reliability.

KEYWORDS: JET BIOFUELS, ALTERNATIVE JET FUELS, BIOFUELS, LIFE-CYCLE, LIFE-
CYCLE ANALYSIS, CERTIFICATION

PE®EPAT

A.B. SIkoBneBa. AHami3 €BpomnelchbKoi NpakTuku y cdepi ceprudikamii apiamiiHux Oiomanus /
Axoenea A.B., Jlefina K., Boiiuenko C.B., Boek 0.0. // BicHuk HaiioHaJibHOr0 TpaHCIOPTHOIO
yuiBepcutery. — K.: HTY, 2014. — Bun. 30.

[IpoanamnizoBaHo JOCBiN €Bponedchbkux KpaiH y cdepi ceprudikamii apiamiiHoro Oiomasnusa.
JeranbHuii aHamiz iHdopMallii CBIIYUTH PO Te, 110 CUPOBHUHOIO JUIS BUPOOHHUIITBA aBiallifHOro OiomnasnBa
MOXE CTATH BEJIMKE PI3HOMAHITTS OiomacH, ane e cTiikoi. OCHOBHOIO METOIO 3aCTOCYBAaHHS aBialliiHUX
OiomanuB € 3HWKEHHS BUKUIB BYTJIEKHCIOro ra3dy Ha 80% y MOpIBHSIHHI 3 BUKOPUCTAHHSM TpPaJWIIHHUX
aBianidHuX namuB. ChOroJHI HHU3KA aBiaKOMIIAHIM BiKe po3oyaia MPaKTUKY 3aCTOCYBaHHs OiONaIuB IS
MOBITPSHO-PEAKTUBHUX JIBUTYHIB IIiJ] Yac PETYISIPHUX PEHCIB. Y CTATTI MOAaHO iHQOpMAII0 PO KOMIaHii,
0 BXK€ JOCATJIM YCIiXy y JaHomy Hampsimi. [IpoTe, mepen 3acTocyBaHHSM B aBiaiii OiomajivBa MOBHHHI
BIJINIOBIIATH HU3LI MEBHUX BUMOT. 3 METOI0 yHidikamii ux BuMoOr ypsigom €Bporeticbkoro Corosy 0yiio
NpUAHATO JIUPEKTHBY NIPO BiTHOBJIIOBAHY CHEPTETUKY, IO JIETAbHO PO3MIIHYTa y Manii ctarTi. Kpim toro,
iHma JlupekTnBa - TPO SKICTh MajMBa, TAaKOK CTOCYEThCS OOTOBOPIOBAHOTO IHTaHHS. Y CTaTTi
MPEACTABIICHO JCTAIbHUK OIJIAJ 3a3HAYCHHMX JOKYMEHTIB. |HIIIUM NMUTAHHSM, 10 OOTOBOPIOETHCS B JaHIi
poOOTI € TpakTHKa €BPONMEHCHKUX KpaiH 3 cepTudikanii OionanuBa Ha Horo cridikicTs. OmucaHo air04y
cxemy ceprudikariii aBiamifHEX OiomaIMB HA CTIHKICTh, a TAKOX MUIBHICTH IPOBIMHUX KOMITaHIH, IO
YIIOBHOBa)KEHI BUKOHYBAaTH CepTH(IKaI[iiiHi poOOTH Takoro poay. Y CTaTTi NPUAUICHO YBary KpHTEpPisM,
BIMIOBIIHICTh SIKUM KOHTPOJIOETHCS i yac cepTudikanii oionaaus. Cepen HUX BUKUIU TAPHUKOBUX ra3iB,
BHKOPHCTAaHHS 3€MEIb 3 BHCOKHM OIOpI3HOMAHITTSM, BHKOPHUCTaHHS TOP(OBUX 3€MeNb, COliajdbHa
CTIMKICTh, 3aXOAW 3 OXOPOHH aTMOC()EPHOro IOBITPs, BOAHUX Ta 3eMelbHHX pecypciB. Ille omHum
MMUTAHHSAM, PO3TVITHYTUM y CTAaTTi € OIliIHKAa JKUTTEBOTO ITMKIY OiomanwmB. OIliHKA JKHTTEBOTO ITUKITY €
THCTPYMEHTOM JIJIsl aHAJI3y 3HIKCHHsI 00'€MIB BHKHAIB NMApHUKOBHX Ta3iB 32 BUKOPHUCTAHHS OiOMaMB Yy
MOpIBHSAHHI 3 TPAAWIiHHAMHU aBiallifHUMH TajJMBaMH. [HIIMMH CIIOBaMU BOHa BHKOPHCTOBYETHCS SIK
METOJOJIOTISl IS OIIHKK e(eKTHBHOCTI BHUKOPHCTaHHS OlomanwB. Pe3yipTatd OIIHKK KUTTEBOTO IHKITY
aTbTEPHATUBHUX TAJIMB ITOKA3aJIH, [0 aIMBa OTPUMaHi 3 BiIHOBIFOBAHO! CHPOBHHH CITPHYNHSIOTH MEHIIIHIA
HEraTUBHWH BIUIMB Ha HABKOIMIIHE MPUPOIHE CEPEIOBHINE y TOPIBHIHHI 3 TPaAUIIHAMH BUKOITHUMH
majquBaMH. Y CTaTTi KOPOTKO OIMCAaHO OCHOBHI HAaWOUTBII pPO3pOOJIEHI Ta TMOMYNAPHI TEXHOJIOTil
BUPOOHMIITBA aTbTEPHATHBHUX aBialliIMHUX MaJIMB (SK 3 BITHOBJIIOBAHOI Ta 1 HE BIIHOBIIOBAHOI CHPOBHUHH).
[Ipore, He 3Bakar0um Ha Te, KA CHPOBHMHA BHKOPHCTOBYETHCS Y TpollecaX BHPOOHMIITBA, ICHYe HH3Ka
3araqbHAX BUMOT, SIKHM MAIOTh BiJIOBIIaTH TajluBa Ui MOBITPSHO-PEAKTUBHUX IBUTYHIB. L{i BUMoOrm
nependavaroTh MeBHI (DI3MKO-XIMIYHI Ta eKCIUTyaTalliifHi BIACTHBOCTi, SKMMH MAalOTh BOJIOMITH TaJMBA.
3a3HaveHi BIACTHBOCTI PO3TIISIHYTO y CTATTI Ta HATOJOMIEHO HAa 00O0B’SI3KOBOCTI JOTPUMAaHHS BUMOT IIO/I0
SIKOCTI TIaiwBa. Y TIEPIIy 4Yepry Ie MOSCHIOETHCS THM, IIO SKICTh aBiallifHOTO MajWBa Bimirpae OmHy 3
KITFOYOBHUX poJieil y 3a0e3reueHHi HaJiifHOCT] MOBITPSHUX CYIeH Ta Oe3MeKH MOIbOTIB.

KJIKOUOBI  CJIOBA: ABIALIMHI  BIOITAJIMBA, AJIbTEPHATUBHI — ABIALIMHI
BIOIIAJIMBA, BIOITAJIUBA, JKUTTEBUI [IUKJI, AHAJII3 XKUTTEBOI'O LIMKJTY

PEDEPAT
A.B. SIxoBneBa. AHanH3 €BpOINENCKOI MPAKTHKU B cepe cepTUPUKAINN aBUAITMOHHBIX OMOTOTLIHB
/ SxoneBa A.B., Jleiima K., boiiuenko C.B., BoBk O.A. // BectHuk HammoHambsHOro TpaHCIIOPTHOTO
yausepeutera. — K.: HTY, 2014. — Bem. 30.

[Ipoananu3upoBaH ONBIT €BPONEHCKUX CTpaH B cdepe cepTU(UKALNKN aBHALMOHHOIO OMOTOILIMBA.
HeranbHblii aHaMU3 UHQOPMAMK CBUAETEILCTBYET O TOM, YTO CBIPHEM IJISi MIPOM3BOACTBA ABUAIIMOHHOIO
OMOTOMIIMBA MOXKET CTaTh OOJBLIOE pa3HOOOpa3ue OMOMAcChl , HO UCKIIOYUTENIBHO YCTOHUMBOH. OCHOBHOM
LENbI0 MPUMEHEHHUS! aBUAIMOHHBIX O10TOIJINB SIBJISIETCS] CHUYKEHUE BBIOPOCOB yrileKucoro rasa Ha 80% 1o
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CPaBHEHUIO C IPUMCHEHUEM TPAUIIMOHHBIX aBHAIIMOHHBIX TOIUIHB. CeroHs psijl aBUaKOMIIAHUIA y)Ke Havam
MPAKTUKy TPUMEHECHUs OWOTOILIMB JUIS BO3AYIIHO-PEAKTHUBHBIX JBUTATENICH BO BPEMs OCYIICCTBIICHUS
peryispHbIX peiicoB. B craThe mpuBeneHa nHpopMaIys O KOMITAHUSX, KOTOPBIC YK€ JOCTUIIN YCIEXOB B
JaHHOM HampasieHud. OJHAKo, mepe] NPUMEHEHHEM B aBUAIlMM OWMOTOILIMBA JOJDKHBI COOTBETCTBOBATH
psaay omnpeneneHHbIX TpeOoBanwii. C 1enblo yHU(UKANMKA 3TUX TpeOOBaHWM BiacTsMu EBpormerickoro
Coro3a ObuTO0 MPUHATO [[MPEKTHBY O BO3OOHOBISIEMON CHEPreTHKE, KOTOPYH MOAPOOHO PAaCCMOTPEHO B
naHHoOM crtathe. Kpome Toro, mpyras JlupekThBa — OKa4eCTBE TOIUIMBA, TAKKE KacaeTcs 00CYXIaeMOro
Bonpoca. B craThe mpencTarieHo noapoOHbIid 0030p YKa3aHHBIX JOKYMEHTOB. J[pyruM BONMPOCOM, KOTOPBIH
00CyXIaercsi B JaHHOW pa0oTe SBJISICTCS MPaKTUKA €BPOICHCKUX CTPaH MO cepTU(UKAUU OHoIajinBa Ha
ero ycroiuuBocTb. OmmcaHO IEHCTBYIONIYIO CXEMy CepTH(QHKAIWU aBHALMOHHBIX OWOTOIUIMB Ha
YCTOI\/II‘II/IBOCTB, a TaxKiK€ OCATCIBHOCTH BCAYIIUX KOMHaHI/II\/'I, KOTOPBIC YIOJIHOMOYCHBI OCYIICCTBIIATH
cepTU(UKAIMOHHBIE PabOThl Takoro ponxa. B craThe ynensercs BHUMEHHE KPUTEPHUSIM, COOTBETCTBHE
KOTOpPBIM KOHTPOJIUPYETCSl BO BpeMsl cepTudukanuu Ouotoru. Cpenu HUX BBIOPOCH! MAPHUKOBBIX Ta30B,
KCIIOJIb30BaHUE 3EMEJIb ¢ BBICOKUM OHOpa3HOOOpa3ueM, HCIOJIb30BaHHE TOP(HOBBIX 3eMellb, COLMabHAs
YCTOMYMBOCTD, CPEACTBA IO 3aIIUTE aTMOC(EPHOro BO3yXa, BOAHBIX M 3eMEIbHBIX pecypcoB. Eiie ogHuM
BOIIPOCOM, paCCMOTPCHHBIM B CTAThE ABJIACTCA OLUCHKA )KU3HCHHOI'O UKJIa OHMOTOIINB. OHCHKa JKHUHCHHOI'O
UKJIa SABJIACTCA MHCTPYMCHTOM JIJId aHAJIM3a CHUIKCHUA O6’LCMOB BbIGpOCOB IAapHUKOBBIX I'a30B B Cliy4ac
MIPUMCHCHUA 61/IOTOHJ'II/IB 10 CPaBHCHHUIO C TPAAUMIIMOHHBIMH aBUAlTUOHHBIMU TOIIJIMBAMMU. I[pyrI/IMI/I CJIOBaMH
OHA WCIONB3yeTCS KaK METOMOJIOTHS JIIsl OIleHKH 3(PPEKTUBHOCTH MPUMEHEHUS] OMOTOILIHB. Pe3ynbraThl
OLCHKM JKM3HCHHOI'O I[UKJIA aJIbTCPHATHUBHBIX TOIUIMB TIIOKa3aJid, 4YTO TOIIJIMBA IIOJIYUCHHBIC U3
BO300HOBIIIEMOTO CBHIPbSI TMPUYUHSIIOT MEHINEe HEraTUBHOIO BO3JEHCTBUS HA OKPYKAMOIIYIO MPHPOIAHYIO
Cpeay mo CpaBHCHHUIO C TpaJUIIMOHHBIMU UCKOIIAEMBIMHU TOITIJIMBAMU. B cratpe KOPOTKO OIMCaHO OCHOBHEIC
HauOosiee pa3pabOTaHHbIC W MOMYJISIPHBIC TEXHOJOIMM IPOU3BOJCTBA aJIbTEPHATUBHBIX ABUAIIMOHHBIX
TOIUIMB (KaK M3 BO30OHOBJISEMOI'O TaK M HEBO30OHOBJISIEMOro Chipbs). OnHAKO, HE CMOTPS Ha TO, Kakoe
CBIpbE TIPUMEHSIETCS B MPOIECCaxX MPOHM3BOICTBA, CYIIECTBYET PsJ OOIIMX TpeOOBaHHUH, KOTOPHIM JTOJKHBI
OTB€YAaTh TOIUIMBA [JIsI BO3AYIIHO-PCAKTHUBHBIX ZIBHFaTeHeﬁ. Dt TpeGOBaHI/IH npeaycMaTpuBaroT
ONPEACIICHHBIC (bI/ISI/IKO-XI/IMI/I‘-IeCKI/Ie 1 OKCILTyaTallUOHHBIC CBOﬁCTBa, KOTOPBIMHU AOJI>KHBI BJIaJICTH TOIIJIMBA.
VYkazaHHBIE CBOWCTBA PAaCCMOTPEHO B CTaThe W YKa3aHO Ha 00S3aTENbHOCTh COONIOACHHS TpeOOBaHWI
OTHOCHTEIBHO KauecTBa TOIUIMBA. B MepByI0 odepenb 3TO OOBSACHSIETCS TeM, YTO Ka4eCTBO aBUAIIMOHHOIO
TOIJIMBA WTPaeT OJHY W3 KIIIOYEBHBI polie B 0OECTICYCHWU HAJICKHOCTH PabOTHl BO3AYIIHBIX CYJCH W
0€3011acHOCTH TIOJIETOB.

KJIIOUYEBBLIE  CJIOBA: ABUAIIMOHHBIE  BUOTOIUIMBA,  AJIbTEPHATUBHLIE
ABUAIIMOHHBIE ~ BUOTOIUJIMBA, BUOTOIUIMBA, JKW3HEHHBIM  IMKJI, AHAJIM3
XKE3HEHHOT'O ITUKJIA
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