=
]
=
=
&
=
=
=
S
=
&2

-~

Asian Research Association
e —

Y INTERNATIONAL RESEARCH JOURNAL OF
«*  MULTIDISCIPLINARY TECHNOVATION

Analysis of Modern Aviation Fuels: A Review of Environment

Effect

A. Sinem Gurkan Aydin 1 *, B. Oktay Polat ?, A. Arzu Ozgen !

L)

Check for
updates

N

1 University Department of Vocational School of Health Services, Istanbul Gelisim University, Istanbul, Turkey
2 Department of School of Applied Sciences, Istanbul Gelisim University, istanbul, Turkey

*Corresponding authors email: squrkan@gelisim.edu.tr
DOI: https://doi.org/10.34256/irjmt21411

Received: 13-05-2021, Accepted: 25-07-2021, Accepted: 28-07-2021, Published: 30-07-2021

Abstract: In our developing and changing world, the use of energy resources is becoming important. With the
development of the aviation industry all over the world, the need to use more innovative, more sustainable
resources emerges. When the demands in the transportation sector from past to present are examined, the
transformation in energy resources will be inevitable. As stated, all studies have focused on the energy resources
that reduce the environmental impact, sustainability, environmental friendliness, costs and dependence on oll
producing states. In this study, the study of aviation fuels from past to present, its production, environmental

impact, sustainability and the returns of alternative aviation fuels are discussed in detail. It is concluded that the

world's developing and changing aviation sector should switch to sustainable alternative fuels as soon as possible.
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1. Introduction

Energy is very important to the development of
all countries and in our survival [1]. It is also the most
important factor in the development of countries and
the increase in living standards. Along with the increase
in the world population, the changes and developments
in the sector increase the energy need gradually [1-2]

The use of energy resources worldwide has
increased by 2.5% compared to the previous year and
the increase has become more visible since 2012. The
superiority of fossil fuels in energy consumption
continues [2-3]. According to the studies conducted in
2016; petroleum has the highest rate with 33.3% of
energy consumption. In the world, 28.1% of energy
consumption is coal, 24.1% is natural gas, 6.9% is
hydraulic energy, 4.5% is nuclear energy and finally
3.2% is sustainable energy sources [4]. Primary energy
consumption rates based on global resources are as
shown in Figure 1.

Global sectoral distribution of primary energy
consumption is as shown in Figure 2. The sector that
consumes the most in the total energy scale is
transportation, which constitutes one in three. Following
this share, the industry sector ranks second with a rate
of 31% [5]
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Figure 1. Primary energy consumption rates based on
global resources
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Figure 2. Sectoral distribution of primary energy
consumption

The transportation sector generally prefers to
use petroleum-based fuels. In 2011, 54% of the world's
oil consumption was in the transportation sector, which
consists of road, aviation, maritime and railway
transportation, 18% in the industrial sector, 11% in the
domestic, commercial and agricultural areas, 10% in
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the petrochemical industry, 7% has been in electricity
production [4] According to the projections of oil
consumption change on a sectoral basis until 2020,
74% of the increase in oil consumption is estimated to
be in the transportation sector. For this reason, the
change in the world vehicle park and the number of
vehicles per capita is of great importance in the future
oil consumption projections, and these rates are closely
followed by the oil producing countries [6-8].

Although primary energy consumption has
shown the fastest increase since 2010, it has exceeded
the rate of 10% per year compared to last year. More
than 40% of the increase in fuel consumption and
energy consumption resulted from the use of natural
gas. Use in all fuel types except renewable energy has
increased faster than 10-year averages. However, its
biggest secondary increase still constitutes renewable
energy sources. China, the USA and India account for
more than two thirds of the global increase in energy
demand in the world. In addition, consumption in the
USA has reached the highest level in the last 30 years

9.

The reason for this increase is developing
depending on the needs of the society and countries.
Modern society is dependent on transportation
according to need. Although the transportation in the
world is increasing day by day, there were
approximately 1.2 billion light commercial vehicles
(LDV) and around 380 million trucks in 2015 [1]. It is
foreseen that these numbers will reach 107-109 billion
in countries such as India, China, which are not OECD
members by 2040 Approximately 20% of all energy
used is transportation. 23% of global carbon dioxide
(CO2) formation is again transportation. Transportation
contributes to only 14% of global greenhouse gas
(GHG) emissions. At present, gases such as methane
must be included for internal combustion engines to
transmit power almost entirely with piston engines
powering land and sea transport and jet engines
powering air transport. This causes spark ignition (Sl)
engines to power approximately 80% of all vehicles
worldwide [10].

95% of the energy required for transportation is

produced from  petroleum  fuel. Intercalarily,
approximately 60% of the crude oil produced is used to
make transportation fuels [11-14]. Demand for

transportation fuels worldwide is huge, 4.9 billion liters
of gasoline and diesel each, and 1.3 billion liters of jet
fuel each [8], with an expected growth of about year1%
[11]. Natural gas and biofuels may be preferred to
traditional fuels produced from crude oil. But, all of
these alternatives to the existing system start from a
very small base and face critical obstacles for rapid and
unlimited growth., Even by 2040 — not expected to
account for more than 10% of global transport energy
[12,15]. It is important to evaluate alternatives and not

to shift the load on the exhaust pipe to ensure
environmental benefits.

However, civil aviation has an important place
in the transportation industry today While Civil Aviation
was a sector that was responsible for a small part of the
transportation mission years ago, its responsibility has
increased a lot today. So much so that more than two
billion passengers and millions of tons of freight are
transported every year. In 2006, it is observed that the
total world income traffic in scheduled airlines
exceeded 510 bhillion tons of income (1), which includes
almost four trillion revenue passenger kilometers. (2) In
addition, the total revenues of the scheduled airlines of
the parties to the international civil aviation Convention
(Chicago Convention) of December 1944 in the same
year exceeded US $ 2007 billion, more than 1990
percent above 450 levels. Due to the increasing growth
and characteristics of the aviation industry, its
contribution to climate change has become an
important issue. About half of the domestic aviation
industry increased significantly between the '84 and
90's [16].

In 2010, 211 million passengers passed
through UK airports; their number has increased 100
times since 1950 and is estimated to reach 2030 million
by 480 despite recent declines. In 2009, air
transportation used 12.7 million tons of fuel. This was
17.5% of total final petroleum products consumption
and 23.2% of those consumed by the entire transport
industry [17]

The increase in the number of passengers and
the rapid development of the aviation sector have made
the literature studies important for aviation fuels. It will
be useful to understand the types of fuel that the fast-
growing sector will use and use from past to present.
Jet fuel is a general name given to aviation fuels used
for gas turbine engines. Traditionally, jet fuel, kerosene,
is obtained by the distillation fraction of 150 to 2758
degrees of crude oil, a complex mixture of many
different chemical compounds. The main components
are linear and branched alkanes and cycloalkanes with
a typical carbon chain length distribution of C6-C16.
Chemical properties for various jet fuels are given in
Table 1 [18]. In Table 1, Jet A-1, Bio-SPK, FT-SPK
were compared.

Table given, Jet A-1 Commercial jet fuel [20],
Bio-SPK jatropha fuel and FT-SPK fuel [19]. (% by
weight) chemical compound; Bio-SPK [20] S.P.A. -
refers to "small percentage”. Air transport, which
appeared in the first quarter of the 20th century,
showed a rapid development after the second world
war. The fact that aircraft manufacturers produced
wide-body aircraft models with new technology engines
accelerated this development.
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Table 1. Chemical compound of jet fuel

Compound (wt%)

Jet A-1 Bio-SPK FT-SPK

Polycyclic alkanes S.P. 29.1
n-Alkanes 19.6 ~10 2.7
Alkyl benzenes 14.1 0 11.2
Monocyclic alkanes 20.3 S.P. 13.8
Iso-alkanes 29.9 ~90 42.8
Other hydrocarbons 0 0.4

Today, the development continues with
engines that offer more economical fuel consumption
with new models with narrow and wide bodies.

The need for jet fuels has become undeniable
day by day. It is thought that the current need of 320
million tons per year will be 430 million tons by 2040
[21]. Jet fuel accounts for approximately 20% of the
production of US oil facilities over the past three
decades [22]. Jet fuels constitute a large area in the
consumption of fossil fuels with a very high market
value. Jet fuels continue to rise steadily. It is known that
the United States consumes approximately 2000
thousand barrels of jet fuel per day [23].

Over the past two decades, aviation energy
efficiency has been improved more domestically than in
the international arena. Energy efficiency
measurements enter a more efficient fleet of aircraft,
and seat miles per gallon and full seats of the aircraft
are both dependent on efficiency and sharing and are
measured in British thermal units per passenger, with
energy density per passenger, aircraft miles per gallon
that improves measurably [22].

The fact that oil prices tend to increase over the
years in air transportation increases fuel costs. For this
reason, fuel producers and airline companies have
sought many alternative fuels. Since air vehicles have
an important place in the transportation sector, biomass
has the greatest potential in the search for renewable
energy sources [24]. Biological materials containing
vegetable and animal based and containing carbon
dioxide compounds are energy sources [25]. Fuels
produced from these are called biofuels [26-28].
Biofuels are an important sustainable energy resource
for new markets, which greatly reduces greenhouse
gas impact, improves weather conditions, reduces
dependence on oil produced from fossil fuels [26]. In
this study, it is aimed to reveal all aspects of modern
fuel types in the aviation industry, their effects on the
environment and the use of fuel by making statistical
data.

2. Results and Discussion

With an annual growth rate of 5%, an extra 3%

fuel consumption occurs in the aviation industry every
year. With this growth, the consumption of fossil fuels
has increased and has led to the need for renewable
fuels and energy sources [18- 29]. The most important
factors related to alternative fuels are the dependence
on the countries that supply oil, having environmentally
friendly technology, being renewable, carbon dioxide
recycling and sustainable [30].

2.1. Fossil Based Aviation Fuels

Jet fuel is an aviation fuel designed for use in
gas turbine engines in aircraft. Its color can range from
clear to light yellow. The most commonly used
commercial aviation fuels are Jet A and Jet A-1. These
fuels are produced with standardized international
features. Jet fuel is a mixture of a large number of
different hydrocarbons. Size ranges, such as molecular
weight and carbon number, are limited for product
requirements. Examples of these product requirements
are freezing point or smoke point. Hydrocarbon
mixtures from different molecular classes, including n-
paraffin, iso-paraffin, cycloalkanes and aromatics, are
the most widely used aviation fuels [30-31]. Due to its
physical properties, ease of use and stability in the
USA, jet fuels commonly used for aircraft and missiles
are JP-8 and JP10 [32]. Current additive, the United
States has developed many jet fuels. These fuels can
be listed as JP-4 (NATO code, F-40), JP-5 (NATO
code, F44), JP-7, JP-8 (F-34), JP-TS, JP-8, Jet A [33].

2.1.1. Jet Al-Jet A

Jet Al is the name given to the type of fuel
whose main ingredient is kerosene and is used today in
passenger and cargo aircraft with jet engines
worldwide. Kerosene, the main substance of Jet Al, is
actually a flammable hydrocarbon liquid. It is derived
from the Greek word “keros”. Kerosene is a gas oil
called “paraffin oil”. It is obtained by very fine distillation
of Crude oil between 150 ° C and 270 ° C. It is
generally used in the field of heating and lighting. Gas
burns relatively harder but gives more heat than
gasoline. The degree of flash point is 38°C. The self-
ignition degree is 210 ° C. The self-ignition degree is
210 °C. In such cases, foam, chemical and water fog
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are used to extinguish the fire. The freezing point of the
chrome is around -47 ° C. Due to these features; In
other words, it is preferred as “aircraft fuel’” because it
does not freeze easily at low temperatures at high
altitude and reduces the risk of fire in the event of an
accident to the minimum possible. The main difference
between Jet Al and Jet A is their freezing degrees.
While both types of fuel ignite at 38 ° C, Jet A freezes
at-40 ° C and Jet Al freezes at -47 ° C [28]

2.1.2. JetB

Jet B contains light compounds as it consists of
naphtha-kerosene mixture. This feature causes high
flammability, making it difficult to use. Jet B is a civilian
version of JP 4 Jet B type fuel oil, the freezing rate of
which drops down to -60 ° C, is rarely used in the
commercial airline industry, but it is preferred in
countries where Canada, Alaska and Russia prevail
due to its very low freezing degree [28]

2.1.3. Avgas

Avgas (aviation gas indoline) piston-engine is
used in aircraft. Avgas is used in Wankel engines and
piston engines. Performance and safety measurements
have been made according to many environments and
its octane value is quite high. The use of avgas in the
USA in 2008 is 700000 m3 per year, and the engine
accounts for approximately 0.14% of gasoline
consumption [34].

2.1.4 Jet P4

JP-4 is a jet fuel defined by the American
government in 1951. This fuel is produced by adding
half kerosene and gasoline. It has a lower flash point
than JP-1, but the reason for its preference is due to its
widespread availability. It was the primary jet fuel of the
United States Air Force from 1951 to 1995. The NATO
code is F-40. It is a flammable fuel with a light yellow -
transparent color, kerosene-like odor, and has
properties such as easy evaporation and floating on
water. It also consists of a mixture of aliphatic and
aromatic hydrocarbons and has a low flash point of -18.
JP-4 freezes at -60 ° C and the highest burning
temperature is 3,688 ° C. A similar mixture called Jet-B
is used in commercial aviation. In addition, JP-4
contains corrosion inhibitors and icing inhibitors [35].

2.1.5Jet P5

JP-5 or JP5 ("Jet Propellant” - Jet fuel) is a jet
fuel with 1 liter of 0.81 kg and a high flash point (at
least 60 °C). This fuel was developed in 1952 for the
use of aircraft-on-aircraft carriers with a high fire risk.

JP-5 is still the primary fuel for most navies. The NATO
code of this fuel is F-44. It is also referred to as AVCAT
(Aviation Carrier Turbine Fuel). JP-4 and JP-5 fuels
contain MIL-DTL-5624 U features. Fuel in these
properties is designed for use in aircraft turbine
engines. These additives add military-specific additives
that are required to be used in military weapons
systems. This requirement is specific to military aircraft,
engine designs and missions. JP-5 is a complex
mixture containing hydrocarbons, naphtha and
aromatic hydrocarbon [35-37].

2.1.6. Jet P7

JP-7 is a jet fuel produced by the United States
Air Force for supersonic aircraft. It has a high flash
point and thermal stability. Containing major
hydrocarbons such as JP-7 alkanes, cycloalkanes,
alkylbenzenes, indan / tetralin, added to increase
lubrication properties, oxidizers added for better
combustion and Cesium, also known as A-50, which
helps prevent detection of the exhaust distributor by
radars. It is a fuel mixture created by adding a
compound. JP-7 distillation product is an unusual type
of fuel because it is not a fuel. This fuel is a highly
volatile fuel mixture containing components such as
benzene, toluene in very low concentrations (<3%) and
almost without sulfur, oxygen or nitrogen impurities.
This fuel has low vapor pressure and high thermal
oxidation stability.

2.1.7 Jet P8

In the 1980s, it was decided by NATO
countries to use a single fuel (JP-8) for all military
aircraft and vehicles in the European war zone. This
idea became known as the single fuel concept (SFC)
[39]. Such a decision was made not only because of
the great logistics awards at the time of war, but also
because of the more pragmatic fact of NATO to simplify
and better use it in times of peace. The only fuel
chosen was the F-35 (Jet A-1) military Jet kerosene
based on civil jet fuel F-34 (JP-8) [40-45]. Compared to
the -18 ° C flash point of JP-4, the higher and safer is
38 ° C. The flash point of JP-5 is even higher (> 60 ° C)
[35].

Based

2.2 Environmental Effects of Fossil

Fuels

CO2 emissions increase by about five percent
each year compared to the previous year. In 2010 and
22% of this originates from the transportation sector.
Within this sector, road and airline vehicles should be
fed with an environmentally sustainable energy source.
In 2009, the world's first industry-specific climate
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change goals were collectively adopted by the aviation
industry. These targets were determined as carbon
neutral growth from 2020 [36].

The predictive model for international aviation
is a model developed by the Dutch Bureau of Economic
Policy Analysis (CPB, 1999) that is used to calculate
future jet fuel emissions for the world's economic
development, with scenarios starting from the 90s to
2050.C0O2 emissions from jet fuel are thought to
increase between 200 and 500%, respectively,
between 1995 and 2050. As a source of CO2
emissions, all aviation could exceed 15% of all CO2
emissions by 2050 [16].

Research shows that international aviation
carbon dioxide emissions will increase by more than
110 percent over 20-year periods and may be offset at
levels consistent with climate targets. Commercial
aviation accounts for about 2.6% of annual global CO2
emissions [37-38].

CO2 emissions associated with civil aviation
will increase by 100-500% from 1995 to 2050,
according to Britain's Ministry of Commerce and
Industry (DTI). The Environmental Defense Fund (EDF)
made 500-1100% estimates (during the 1990-2050
period) with a 300% increase base scenario. In
addition, reference scenarios say that future emissions
may increase in the period of 1995-2050. Emissions will
be limited to current levels only in the case of a low
scenario and a very high tax ($ 1500 per ton!).
Currently, fuel prices account for about 8-13% of airline
costs.; fuel costs in the airline cost will increase to 90%
in the future. This seems economically above
imagination. Carbon emissions have grown by 2.0%,
the fastest growth over the past seven years [39].

The compilation and research of the studies
were carried out by international organizations and
organizations specialized in their field. The scenario
with a medial yearly growth of approximately 1% for the
2013 period starts from a very low 7-year forecast. -
0.9% for 2016 and 2017-2020 period. The
accumulation of these factors explained in the studies
also created a very pessimistic picture and led to a
decrease in domestic and international flight demand.
In the crisis scenario, this negative forecast will recover
somewhat from 2020 to 2030 at a slow pace and a
slow growth rate of 1.1% by the end of 2030 [40].

Other scenario assumes a fast and solid
recovery of the EU economy with an average annual
growth rate of 3.3%, and returns to pre-crisis growth
rates in the middle of the current decade, starting from
the high growth scenario of its 2013-2016 and 2017-
2020. This scenario is quite strong economic growth
international markets offer the most demanding traffic

situation for Europe, backed by a high range of high
consumer spending in the US and slight descent of
emerging Chinese economy, open skies agreement,
stable fuel prices. Exhaustive, the expected annual
average growth is at the highest level of all scenarios,
ranging from 3.2% to 3.5% for the period 3.3-2013-
2030. In the 2010 EUROCONTROL report Forecasts
made in the 20-year period know the number of lost
flights 2 to 2025 million inadequate airport capacity in
the strongest growth scenario [40].

2.3 Alternative Fuel Potential for the Aviation
Sector

First times of the jet aircraft, speed, quality and
luxury were an incentive for intercontinental travel.
Thenceforth, he has been an enormous driver, the
center of efficiency, air travel and modern life.
Sustainable aviation fuel is essential to power the
world's aircraft fleet and provide a cleaner fuel source
to help billions of people traveling by air every year
reduce the impact of their travel on our planet.
Approximately 2% of global human-sourced carbon
emissions are due to the aviation industry. When the
traffic situation was considered in 2016, it was
observed that there were 35.8 million scheduled

commercial flights carrying about four billion
passengers. According to estimates, the annual
passenger numbers of aviation are expected to

increase from 6.9 to 2035 billion. This increase means
that effective action is required to reduce carbon
emissions to supply the sustainable development of the
industry [41].

After the first biofuel test took place in a
commercial flight in 2008, many studies were
conducted. After the global fuel standards agency
ASTM allowed the use of these fuels in 2011, more
than 225,000 flights were carried out with a
sustainable-fossil fuel blend [42]. Recently, demands
for better energy use due to the rise in oil prices and
Global Climate Change and other environmental
concerns have come together to strengthen the need to
increase Travel efficiency in terms of both reducing fuel
use and environmental impact [43-44].

With its growing demand for air transport and
concerns about its environmental impacts, however,
non-derived alternative jet fuels — from conventional
sources such as coal, natural gas, and biomass and
environmentally sustainable, aviation has become an
important strategy to achieve high performance [45].
Various advanced aviation fuels have been developed
in recent years [46-47]. Some of these were used
especially for military aircraft and propulsion.

Int. Res. ]J. Multidiscip. Technovation, 3(4) (2021) 93-105 | 97



Vol 3 Iss 4 Year 2021

A. Sinem Giirkan Aydin et., al /2021

2.3.1 Sustainability in Aviation

All over the world, biofuels are the most
demanded alternative fuels as they are very important
in sustainable development. Biofuels provide a better
mix of energy and a transition from a fossil dependent
economy to a bio containing economy. In recent years,
interest in biofuels has been increasing in the aviation
sector and production part. Major organizations in the
aviation industry, the International Air Transport
Association (IATA) and the international civil aviation
Organization (ICAO), have committed to significantly
reducing emissions and neutralizing the increase in
carbon emissions [48-49]. Previous studies in the
literature examined the greenhouse gas (GHG)
emissions and effects of aviation biofuels produced
with different technological tools and methods [50-51].

All these studies have shown that fossil fuel
reserves are decreasing and carbon dioxide levels in
the atmosphere are increasing rapidly. This has raised
concerns and accelerated progress in alternative jet
fuel research [52-53]. All these orientations may not
work in the short run. Synthesis pathways have been
developed, including Sugar and Salvi [54-57], bio-
Fischer Tropsch syngas, catalytic conversion Animal
and vegetable oils hydro processing to produce bio-jet
fuels from different biomass feedstocks. Vegetable oil-
based fuels such as camellia, jatropha and algae oil
come to the fore among the fuels that can be
alternatives to petroleum-type fuels used in aviation.

In addition to these, hydro processing of natural
waste triglycerides and fatty acids are the most
recommended forms in the literature for the production
of alternative jet fuels [58-59]. Long chain hydrocarbons
are produced by hydro deoxygenation, carbonization
and decarboxylation. Generally, a hydrocracking step is
also required to obtain the desired C8-C16
hydrocarbons [60-61]. This technology has reached a
certain level. Airline companies carried out test flights
with biofuels from various vegetable oils and animal oils
[63]. There are two promising renewable alternatives
that can replace oil with the technology currently used
for the production of renewable jet fuel. These; Bio
(Bio-SPK) Synthetic Paraffinic Kerosene Obtained (FT-
SPK), renewable oils and biomass, and Fischer -
Tropsch Synthetic Paraffinic Kerosene produced
respectively [63]. Bio-SPKs are produced from recycled
resources. These sources are plants, algae,
triacylglycerols and fatty acids, which are trans
esterified. Hydrocracking and hydrotreating are then
produced, producing alkanes of desired length,
saturation, and branching. FT - SPK was obtained by
pyrolysis of biomass to synthetic gas (syngas), Fischer
- Tropsch synthesis of longer chain alkanes,
hydrotreating and separation. Even though the

chemical composition of SPks and petroleum-
containing fuels is different (Table 2), they are still very
similar in terms of their basic properties (Table 1) and
their performance in modern jet aircraft. The synthesis
of CMB is well established and the products have been
successfully evaluated by major commercial airlines as
a 1:1 mixture with petroleum-based kerosene [23]. As
the aviation industry's demands for jet kerosene rose to
more than 5% of all refined products from the raw
material, the refinery needed to optimize its jet
kerosene yield with improved production techniques.
The use of additives is often necessary, and sometimes
even necessary, due to the number and severity of the
processes used. These additives can prevent the
formation of harmful chemical species or increase the
characteristics of the fuel to prevent further engine
wear. In addition, additives were subjected to an
extensive and expensive treatment of all fuel properties
and their effects on acceptability for use were studied.
This process can take many years before an additive is
approved [64].

Apart from all these uses and productions,
alternative fuels are generally two types, and can be
classified as renewable and fossil renewable.
Alternatives to fossil-based aviation fuels that have
been used since the past, sustainable aviation fuels
and some flat vegetable oils can also be used [65].
Fuels such as sustainable aviation fuel have the
advantage that the aircraft itself needs little or little
changes, provided that its fuel characteristics meet the
lubrication and density properties of existing aircraft fuel
systems as well as the sufficiently swollen elastomer
seals [66]. Sustainable aviation fuel and alternative fuel
mixtures of fossil and sustainably sourced provide
lower particle emission and greenhouse gas emissions
[67]. However, they are not used extensively. Because
they are still facing political, technological and
economic obstacles such as being more expensive
than traditionally produced aviation fuels [68].

The reasons for using unconventional or
alternative fuels can be mentioned as contributing to
meeting increasing energy demands, reducing crude oil
dependency, preventing the depletion of crude oil
reserves, limiting periodic leaps in crude oil prices, and
reducing harmful effects on the environment and
human health [69]. Replacing fossil energy carriers that
pollute the environment and implementing renewable
energy sources instead, quality control, low investment
costs, safe political independence of foreign fuel
sources, using uncultivated areas will contribute to the
protection of soil and water.

However, alternative fuels for internal
combustion engines must have overlapping
requirements with gasoline and diesel gas oils [69].
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These requirements can be determined by the ease of
use and production of environmental hazards for
engines that do not contain compounds that have been
proven or have low amounts, high energy content,
required evaporation rate, corrosivity, thermal stability,
etc. Problems for alternative fuels are whether they are
applicable to existing engines, call for very little
replacement of existing engines, comply with
environmental concerns and human health concerns,
and cannot be operated at the same minimum cost as
traditional fuels and are not of high quality.

2.3.2 Sustainable Aviation Fuel Pathways

Today there are five approved SAF production
methods and each represents different processes and
different raw materials [41]. The most commonly used
process processes are given in the Table 2.

Although renewable aviation fuels can be
produced from a wide variety of materials, they are
generally produced with triglycerides, lignocellulos ides
and syngas. In addition, biofuels can be obtained from
plants, animal fats and biomass [70]. A biofuel
produced from biomass, such as plants or organic
waste, has the potential to reduce CO2 emissions while
helping to reduce dependence on oil and greenhouse
gas production, because plants use CO2 as they grow
[71-73].

Apart from all these, bacteria are also used in
biofuel production. It has the capacity to produce
numerous potential precursors and ready-made fuel
molecules such as bacteria, yeast and algae ethanol,
alkanes and H2. This feature is part of its natural
metabolism. The range of product chemistry can be
further extended by changing known methods or

creating synthetic pathways through metabolic
engineering [73].
HEFA is another production method of

sustainable fuels. This technology is based on the
hydro processing of vegetable oils and animal fats. Its
chief advantage is integrating this process into an oil
refinery and eliminating the need to develop a
dedicated production facility [74]. However, pure
vegetable oil cannot be used directly on gas turbine

aircraft. To be able to use them, they need to be
modified to bring their combustion-related properties
closer to diesel ones.

Alternatively, hydrogenation of vegetable oils and
animal fats can produce liquid alkanes suitable for use
in gasoline, diesel or jet fuel applications [75-76]. For
example, triglyceride containing an oleic acid is
performed in three steps: hydrogenation, reduction and
deoxygenation, decarboxylation and decarboxylation.

It is known as FT synthesis for the production
of sustainable fuels in another form. FT synthesis is a
catalytic chemical process in which a gas obtained from
the gasification of a raw material is used to process it to
produce a synthetic fuel. In FT synthesis, conditioned
synthesis gas is converted into liquid and solid
hydrocarbons. The resulting products can be
decomposed into NAFTA, diesel or jet fuel and
candles, and combustible gases such as propane and
butane. FT production has already been approved to
produce jet fuels from coal, biomass and natural gas
raw materials (when blended with traditional jet fuel
50%) and current developments, shows that FT fuels
from biomass are technically possible

In addition, sustainable fuel DME, suitable for
gas turbine aircraft; Dimethyl ether (CH3OCH3). DME;
Also known as wood ether. It can be made from natural
gas, coal or biomass. Dimethyl ether (DME) is the
simplest ether compound. It is a new alternative fuel,
non-toxic, environmentally friendly, with a high cetane
number of about 55-60, and its properties are quite
different from that of diesel fuel. The fuel supply
system, injection system and combustion system of the
gas turbine will be redesigned or modified, since the
heat value of the DME is significantly lower than that of
conventional diesel fuel [75].

2.3.3. Sustainable
Environmental Benefits

Aviation Fuel-Providing

Gas turbine engines in aircraft spends a lot
fossil-based fuel. Today, fuel expenses accounts for
approximately half of airline companies’ expenses.
Simultaneously fossil based fuels cause air pollution.

Table 2. Pathways processes

ASTM D7566 Feedstock/Blending Date of approval
FT-SPK Biomass- %50 2009
HEFA-SPK Oil-bearing biomass-%50 2011
HFS-SIP Microbial conversion of sugars to hydrocarbon-%10 2014
FT-SPK/A Renewable biomass -%50 2015
ATJ-SPK Agricultural wastes products -%30 2016
HEFA + Oil-bearing biomass-%50 2018
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Because of these reasons, energy obtaining
types have undergone changes humanity research for
sustainable and friendly to nature sources. Biomass
based alternative fuels will replace fossil-based fuels in
the coming years [77].

Sustainable aviation fuels have great
significance in terms of competition with fossil-based
fuels and cleaner sky. There are a few challenges to
overcome for sustainable aviation fuels; acquisition
challenges, distribution, environmental challenges, raw
material supply and sustainability, and the most
importantly, protect nature. As a result of international
and national researches, reducing CO2 emissions have
great importance for future generations. This
importance has been recognized in air and land
transportation for a long time and legal impositions
have been implemented. Under this scope,
International Air Transport Association (IATA) has
installed a number of visions to airline companies to
reduce CO2 emissions from air transport IATA2015.
Firstly, modern and efficient aircrafts will be included in
the sector and fuel efficiency will increase %1.5 by
2020 secondly emissions that the aviation industries
cannot reduce will be balanced by economic measures.
Net carbon emissions stabilize at 2020 values. Finally,
with the use of technology and high sustainable fuel
combination emission values in 2050 will be reduced to
half of 2005 [77].

In 2005, 2.5% of man-made CO2 originated
from the aviation industry and this value is expected to
be between 4% and 4.7% in 2050 [78-79]. Aircraft
engine-induced aviation sector emission values affect
the atmosphere simultaneously radiation stability of the
climate system. The first way to reduce greenhouse
gas emissions in aviation is biofuels [60]. Increasing
demand for biofuels affects biodiversity soil fertility and
has also contributed to the increase in atmospheric co2

density [80] on the long view the intensive use of
agricultural crops to obtain biofuels will negatively affect
soil quality and water availability. Worse, the use of
these lands for different purposes will result in food
shortages. Simultaneously, efficiency enhancing
products such as pyrethrum powder and fertilizer will
increase which will cause soil and water pollution [80]
change of fuel systems and types of production should
not adversely affect human life [81]. Sustainable
aviation fuels are basically similar and their fuel
features must meet standards based on flight and
climate conditions [82].

Sustainable aviation fuels have several
advantages, especially potential to reduce greenhouse
gases, have been accepted by the International Civil
Aviation Organization and member states, and an
action plan has been developed. According to the
international civil aviation organization (ICAO) 2016
assessment, if fossil-based fuels are completely
sustainable 63% of CO2 emissions may be replaced by
2050 [83].

2.3.4 Certification and Demonstration

The history of aviation is written with a pen, the
ink of which is blood, so the first priority of the aviation
industry has always been security. For this reason, the
requirements and the testing process of new fuel mixes
that are likely to be used in aviation are extremely
rigorous. Laboratory tests ground equipment tests and
flight operations determine the availability of
sustainable aviation fuels. Then sustainable aviation
fuels can be approved for commercial use.
Consequently, it is necessary to confirm the availability
and reliability of sustainable aviation fuels. The aviation
industry works closely with international fuel
specification companies such as ASTM international
[42].

Table 3. jet fuel specifications

Criteria
Flash point
ignites

Explanation
The temperature at which the fuel
in the engine to cause

Jet A-1 specification
38° minimum

combustion to occur (°C)

Freezing point

Combustion hea

The temperature at which the fuel
would freeze (°C)
The amount of energy that is

-47°

42.8 MJ/kg minimum

released during combustion, per

kilo of fuel (MJ/kg)
The thickness of the fluid or ability

Viscosity
to flow (mm2 /s
Sulphur content

Density
(kg/m3)

The amount of sulphur in the fuel
(parts per million)
How heavy the fuel is per litre

8.000 max

0.30

775-840
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ASTM has created the standard D7566 for
mixtures of fossil-based and sustainable fuels. This
standard complements the existing ASTM standard
D1655 for fossil-based jet fuel. Technically, sustainable
aviation turbine fuel is produced and certified according
to the D7566 standard and shall be regarded as
Specification D1655 turbine fuel. easily explained, a
non-fossil based sustainable fuel meets the
requirements of the D7566 standard is, on technical fit-
for-use grounds, 100% equivalent to fossil-based
aviation fuel kerosene. this is an important distinction
from the use of biodiesel and ethanol in road
transportation sector [36].

In 2009, it was approved to use the Fischer-
Troph process to obtain ASTM International
sustainable fuel. In 2011, fuel production from hydro
worked esters and fatty acids was added to the
standard as D7566-11. The standard states that these
fuels, which can be biomass based, can be used in
commercial aviation, 50/50 blend with fossil-based jet
fuel approved by ASTM also HEFA process was
approved by ASTM in 2014 [22] .in the coming years
Hydro processed Fermented Sugars to Synthesized
Iso-Paraffin (HFS-SIP) process and Alcohol to Jet
Synthesized Paraffinic Kerosene (ATJ-SPK) process
approved by ASTM [84].

3. Conclusion

In this study, fuels in the aviation industry are
explained in detail from past to present. Advantages
and disadvantages of all fuel types have been
evaluated. In the light of all the studies carried out, it
has been concluded that it is necessary to switch to
sustainable resources based on statistical information.
Considering both economic dependency and its impact
on the environment, it is predicted that the cost factor
can be discarded. This is inevitable considering that the
emission values increase rapidly every year, global
warming cannot be prevented and the demand for the
aviation sector increases. When looking at the
production methods, it is noteworthy that it is necessary
to start the work without losing time by cooperating with
airline companies. Many airline companies contribute to
this issue, but they are insufficient. It is concluded that
the projects carried out with companies by the
authorities related to sustainable alternative aviation
fuels for a more livable and cleaner environment as a
whole are initiated and should be implemented.
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