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Abstract
In the last decades of the twentieth century, the development and use of sustain-
able alternative jet fuels emerged as a key factor in reducing the decarbonization of
the airspace (reducing aviation-related CO2 emissions). “Refuel Aviation” initiative
promotes the development and use of sustainable aviation fuels of SAFs (sustain-
able aviation fuels) for the decarbonization of air traffic, highlighting the obliga-
tion of suppliers to increasingly sell sustainable fuels at all airports within the EU.
Compared to the CO2 emission produced during the flight of an airplane with con-
ventional hydrocarbon fuel (kerosene), using alternative jet fuels, it is possible to
reduce this emission by up to 80%, depending on the type of raw material used and
the method of sustainable fuel production. The International Aviation Transport As-
sociation has updated the strategy developed in four stages, the main goal of which
is that aircraft have 0% greenhouse gas emissions by 2050. The use of hydrogen
as an alternative jet fuel with “zero CO2 emissions” is considered very interesting,
because it can be produced without the generation of CO2, and in addition, it is
present in water in large quantities. On the other hand, for the application of H2
required is a special airport and transport infrastructure. In addition, today there
are a number of challenges and concerns related to the production and implementa-
tion of H2 in the aerospace industry. The paper gives a brief overview of the future
of development and the obligation to use alternative jet fuels from the aspect of
airspace decarbonization. In addition, progress and further predictions in aviation
were highlighted.
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1. INTRODUCTION
Due to the increasing pollution of the environment, both
industry and aviation are turning to new environmentally
friendly energy sources that will primarily affect the re-
duction of greenhouse gas emissions, bring a number of
other advantages and improvements compared to fossil
fuels that are mostly used in today’s aviation (Arsenović,
Janjuš, & Banjac 2012).

According to statistical data on air operations, trans-
ported passengers2, cargo and mail at airports in BiH (III
quarter of 2023 to III quarter of 2024), an increase of
8.9% in airport operations compared to the same quarter

2Count all passengers on a specific flight (under the same flight num-
ber) only once, and not again on each part of that flight (Agency for
Statistics of Bosnia and Herzegovina 2024).

of the previous year was confirmed, Figure 1. The number
of transported passengers is higher by 5.0% compared to
the same quarter of the previous year, and the amount of
transported goods is lower by 7.5% compared to the same
quarter of 2023. The amount of mail transported by air in
the third quarter of 2024 shows an increase of 33.9% com-
pared to the same quarter of the previous year. The data
were processed in accordance with the statistical program
and standards of the International Civil Aviation Organi-
zation (ICAO)3.

It is well known that the need for fuel in air transport
is very high, which is why more and more investments are

3All data on the number of passengers, cargo and mail refer to inter-
national air traffic, because there is no domestic air traffic in BiH (Agency
for Statistics of Bosnia and Herzegovina 2024).
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Figure 1. Graphic representation of the number of transported passengers in air transport for the 3rd quarter from 2023 to 2024 in
Bosnia and Herzegovina.

being made in the development of its technologies and
environmentally friendly fuels (Arsenović 2019).

2. INTERNATIONAL LEGAL REGULATION IN THE
FIELD OF EMISSIONS OF HARMFUL SUB-
STANCES IN AIR TRAFFIC

The level of emissions of harmful substances in air trans-
port was first regulated by an international agreement
adopted in Stockholm in 1972, issued by International
Civil Aviation Organization (ICAO), and later expanded
by various additions. This is Annex 16 called “Envi-
ronmental Protection” where emissions of harmful sub-
stances are prescribed in “Volume II”, while the regula-
tion of noise issues is shown in “Volume I”. Later, the
agreements were extended to the global level. A signifi-
cant step in reducing emissions of harmful substances was
made in 2005 in Kyoto, under the name Kyoto Protocol.
The protocol required industrial countries listed in Annex
1 to reduce greenhouse gas emissions. In 2007, an ICAO
meeting was held at which both developed and develop-
ing countries were required to change their policy on re-
ducing emissions of harmful substances and to find stable
solutions to the growing problem of emissions and to sub-
mit solutions as soon as possible to the United Nations
Framework Convention on Climate Change (UNFCCC).

In 2016, the Paris Agreement on climate change was
reached, the main elements of which are: reduction of
emission levels4, transparency of measurements and emis-
sion levels; adaptation of countries according to the Paris
Agreement; increased cooperation between various sectors
related to climate change; greater interest of cities, regions
and authorities and giving incentives to developed countries.
Committee on Aviation Protection (CEAP) is in charge of
regulating emissions of harmful substances and noise in
air transport.

4(New York City Department of Transportation 2023)

At the CEAP meeting, in Montreal in February 2016,
under the name CEAP/10, newmeasures were adopted to
regulate the emission of harmful substances, noise, oper-
ations at airports, insight into the global fossil fuel market
and, finally, incentives for the use of alternative fuels, so
that be in global application by 2050. CEAP consists of 24
members and 15 observers. Over 600 experts from differ-
ent countries participate in its program. ICAO takes over
the database on harmful emissions from aircraft engines
from European Aviation Security Agency (EASA).

An important step in the control of emissions of
harmful substances is the Clean Sky program, which, with
the help of the latest technology, intends to reduce the
negative emissions of air traffic (noise and emissions of
harmful gases). The goal of the Clean Sky program is to
enable the progress and competitiveness of the European
fleet on a global level through its implementation, and
it is financed by Horizon 2020. The Clean Sky project
was launched in 2008 (Clean Sky 1 was successfully com-
pleted). Since 2017, the Clean Sky 2 project (successor to
the 1st project) has been in the implementation phase.

The technological achievements developed during
the Clean Sky 1 project are:

• smart fixed wing of the aircraft;
• sustainable and “green” engines;
• “green” regional aircraft;
• “green” rotorcraft;
• systems for “green” operation of aircraft operations;
• ecological design of the previously mentioned

achievements of Clean Sky 1; and
• technological evaluation program.

The Emissions Trading System (EU ETS) is the largest
European organization whose goal is to reduce the emis-
sion of harmful substances in air traffic for the prevention
of climate change, and it consists of 31 countries. This
organization aims to reduce emissions of harmful sub-
stances emitted by air carriers with minimal costs, which
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is a very important factor in the use of “green” technolo-
gies (Arsenović 2024).

2.1. Greenhouse gas reduction goals

In order to reduce greenhouse gas emissions, in 2007
International Aviation Transport Association (IATA) up-
dated its strategy, the main goal of which is for airplanes
to have 0% greenhouse gas emissions by 2050. That strat-
egy consists of four phases:

• technology improvement and high commitment to
low-carbon fuels,

• improvement of aircraft operations,
• better infrastructure in airports,
• economic measures, in order to reach the global mar-

ket and cover other emissions.

In 2009, IATA set some more goals:

• the limit for the level of CO2 emissions after 2020,
• improvement of fuel efficiency by 1.5% per year

(from 2009 to 2020),
• reduction of CO2 emissions by 50% by 2050.

In order to achieve the stated goals, in 2016, ICAO
launched the Carbon Offset and Reduction Scheme for
International Aviation (CORSIA) initiative, which is a
“scheme” for reducing greenhouse gases at the global
level. From 2021 to 2026, voluntary implementation
of CORSIA requirements has been approved, and after
2026, these requirements become mandatory. 65 coun-
tries have already accepted the CORSIA requirements,
which will affect the reduction of about 80% of CO2 from
2021 to 2035 (Arsenović 2024). The plan for reducing
CO2 emissions from 2010 to 2040 is shown in Figure 2.

Although improvements in aircraft design and in-
flight operations can significantly reduce CO2 emissions,
the problem is still the extremely high growth in air traf-
fic globally. As can be seen from Figure 2, a reduction
in carbon emissions is expected from 2020, and in order
to achieve this, the only close solution so far is “drop-in”
fuel.

Sustainable aviation fuels are aviation fuels that in-
clude liquid “drop-in” fuels that are fully interchangeable
with, compatible with, and interchangeable with conven-
tional aviation fuels and existing aircraft engines, as well
as hydrogen and electricity. SAF or biofuel is a “drop-in”
fuel. Globally, several sustainable variants of this type of
fuel have been certified for use in civil and military avia-
tion. It is also expected that this type of fuel will represent
the majority share of the aviation fuel mix in the coming
decades.

Figure 2. Graphic representation of the plan to reduce CO2
emissions until 2040 in air traffic.

3. ALTERNATIVE FUELS

3.1. Sustainable aviation fuel – SAF

Sustainable Aviation Fuel (SAF) is the main name used by
the aviation industry to represent non-conventional avia-
tion fuel.

IATA has accepted this definition, but also accepts
other definitions used for these types of fuels such as:
alternative fuels, sustainable alternative jet fuels, renew-
able jet fuels, considering that fuels can also be produced
from other non-biological and chemical sources. A term
that is also used is biofuel, but it refers to fuels that are
produced from biological resources, most often plant ma-
terials. According to the definition accepted by ICAO, an
alternative fuel is: “any fuel that has the potential to gen-
erate lower carbon emissions than conventional kerosene
on a life cycle basis”. Also, ICAO uses the definition that
alternative fuel is any fuel that is not based on petroleum,
which includes liquid fuel from coal, and fuel produced
from natural gas, but their production itself emits the
same or more harmful substances than is emitted in the
production of fuel from petroleum.

By Regulation (EU) 2021/119, the Union established
legal obligations to achieve climate neutrality by 2050 at
the latest, as well as to reduce net greenhouse gas emis-
sions by 2030 by at least 55% compared to 1990. In order
to achieve this, all economic sectors, including the trans-
port sector, must take rapid steps to decarbonise (Euro-
pean Parliament 2022).

Pursuant to Amendment 102 – Annex 1, adopted
by the European Parliament on 7 July 2022 (Regula-
tion of the European Parliament and of the Council on
ensuring a level playing field for sustainable air trans-
port (COM(2021)0561-C9-0332/2021-2021/0205 COD)
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the minimum shares of SAFs were determined, including
the minimum share of synthetic aviation fuel5, Table 1.

Table 1. Minimum shares of SAFs including the minimum
share of synthetic aviation fuel.

Aviation fuel available to all aircraft operators at all airports of the
Union with minimal content of sustainable aviation fuel (SAFs),
including a minimum content of synthetic aviation fuel

a) From 1 January 2025
Min. SAF share 2%; of
which synthetic fuels min.
0.04%.

b) From 1 January 2030
Min. SAF share 6%; of
which synthetic fuels min.
2%.

c) From 1 January 2035
Min. SAF share 20%; of
which synthetic fuels min.
5%.

d) From 1 January 2040
Min. SAF share 37%; of
which synthetic fuels min.
13%.

e) From 1 January 2045
Min. SAF share 54%; of
which synthetic fuels min.
27%.

f) From 1 January 2050
Min. SAF share 85%; of
which synthetic fuels min.
50%.

3.2. Criteria for the potential use of alternative fuels
in air traffic

In order for alternative fuels to start being used in air traf-
fic in commercial transport, or in some other type, it is
necessary that they meet certain criteria. Apart from the
need for an equal or higher energy value than the cur-
rent aviation fuel, and of course, the reduction of green-
house gas emissions, which is constantly increasing due to
the increase in the volume of transport, the main criteria
for the potential use of alternative fuels in air transport
are British Ministry of Defense Standard DEF STAN 91-
091, 2016, 2019, 2022 (British Ministry of Defence 2016,
2019, 2022):

• characteristics of the fuel itself,
• ecological effects,
• mass production,
• economic justification,
• security of use and compatibility.

The first criterion is that alternative fuels should have
the same or better characteristics than hydrocarbon com-
mercial fuels of the kerosene type (JET A-1 and others).
This is the reason that air carriers do not have to mod-
ify the engine or structure of the aircraft, and that the

5“Synthetic aviation fuels” means hydrogen from renewable sources,
electricity from renewable sources or fuels that are renewable fuels of
non-biological origin (European Parliament 2022)

method of fuel supply does not change. The character-
istics of the fuel itself include, among others, the weight
of the fuel. Fuels that require larger tanks and are much
heavier than currently used fuels are not currently accept-
able in air traffic, such as liquid hydrogen.

The second criterion is environmental effectiveness
when using alternative fuels. One of the main goals of
using alternative fuels is the reduction of greenhouse gas
emissions, and therefore replacing current aviation fuels
with some fuel that will have more pronounced emissions
of these gases is unacceptable.

The third criterion is mass production. If the alterna-
tive fuel meets all the criteria, without the possibility of
mass production, that fuel is not suitable for use in com-
mercial air traffic. For the use of sustainable alternative
fuels in air traffic, it is necessary to have large areas in-
tended for the cultivation of biomass, i.e. raw material
that serves as fuel. A way to ensure the production of
biomass that can meet the needs of commercial traffic is
to focus on lands that are not suitable for growing food,
plants that do not require pesticides, compost or irrigation
and most importantly, that they do not affect the ecologi-
cal system in which they are located. For example, a plant
that is not edible, does not require a large infrastructure or
care is algae. The mentioned characteristics for biomass
production can be fulfilled, but the problem in realizing
the production is related to economic justification.

The fourth criterion of economic justification is also
the reason why alternative fuels are not yet in global use
in air transport.

The fifth criterion is safety of use and compatibility.
Fuel that freezes quickly at low temperatures, has a low
auto-ignition temperature, or is the result of a compli-
cated production process and transportation to the air-
craft tank itself, is not suitable for use.

The main goal of using alternative fuels in air traffic
is that the safety of use tends to be similar to that of cur-
rent aviation fuel or to be of even better quality. Apart
from safety, it is important that the fuel does not signif-
icantly affect the structure of the engine, the aircraft or
the airport infrastructure itself.

4. HYDROGEN AS AN ALTERNATIVE SOURCE OF
ENERGY

Hydrogen, as an alternative source of energy, is consid-
ered both in our country and in the world, as one of the
future environmentally friendly sources of energy, with
the fact that it can be used as a raw material, fuel and
energy carrier, and in addition, it has a wide application
in industry, energy and transport. It is important to em-
phasize that hydrogen does not emit CO2 and does not
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Table 2. Comparison of characteristics of kerosene (Jet A-1) and cryogenic hydrogen.

Property Jet A-1 Cryogenic
hydrogen (LH2)

Consequences

Boiling temperature (°C) 167–266 −253 frostbite, evaporation of H2, brittleness of material

Flammability limit (%) 0.6–4.7 4–75 high probability of H2 fire, where a higher
concentration is required to start it

Minimum energy ignition (MJ) 0.25 0.02 higher probability of H2 fire caused by weak sparks

Burning speed (cm/s) 18 265–325 fire caused by H2 burns faster than fire caused by
kerosene

Thrust – 14× lighter than
air, rises to 20m/s hydrogen in gaseous state dissolves quickly

Temperature self-ignition (°C) 210 585 is more difficult to ignite with pure heat

Radiation fraction fire 30–40% 10–20% fires caused by H2 are less destructive because they
release less heat; challenge due to invisible flames

Figure 3. Comparison of the difference in mass and volume of kerosene and hydrogen (a); position of hydrogen tanks in regional
aircraft (b); the position of the tank in case of large variations in weight (c); and the position of the tank of short- and

medium-range aircraft (d).

pollute the air during use. It is considered a solution for
decarbonization, both in aviation and in other industrial
sectors (extremely important in the implementation of the
climate neutrality policy).

At the EU level, there are a number of documents,
guidelines and initiatives related to the implementation
of hydrogen in air transport. Some of the key documents
are (European Union 2020):

• European Green Plan;
• Report on the aviation strategy for Europe;
• European Hydrogen Strategy.

Advantages of using liquid hydrogen: Advantages
of using liquid hydrogen are zero CO2 emissions; low
emissions of harmful substances; high energy efficiency

per mass; acceptable ecological production; noise reduc-
tion and flight safety.

Disadvantages and challenges in the applica-
tion of hydrogen: Aircraft modifications – hydrogen-
powered aircraft carry a larger volume of fuel compared to
kerosene-fueled aircraft, Figure 3. One of the important
parameters is the diameter of the tank and its influence on
the gravimetric efficiency (filling of the tank with hydro-
gen during takeoff and landing compared to conventional
fuel) (Huete & Pilidis 2021).

Infrastructural requirements and adaptation of air-
ports – the challenge of supplying and filling with liquid
hydrogen at airports.
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5. CONCLUSION
Alternative fuels in air transport represent a new gener-
ation of fuels. Given that the increase in passenger and
freight traffic is increasing, slight modifications aimed at
reducing emissions of greenhouse gases and harmful sub-
stances cannot cope with such an increase. In addition
to having a significant impact on air quality, greenhouse
gases also affect global warming, which is one of the
most pressing problems today. To prevent such growth,
change is needed. The use of hydrocarbon jet fuels of the
kerosene type does not make any difference in reducing
CO2 and NOx emissions.

The use of SAF appears as one of the answers to
the reduction of greenhouse gas emissions, primarily CO2
emissions. All sustainable alternative fuels must meet cer-
tain criteria, starting from ecological and economic jus-
tification to safety of application, and most importantly,
reduced emissions of pollutants, and the possibility of sus-
tainable sources of raw materials. Today, biofuels repre-
sent the closest option, and only second and third gener-
ation biofuels.

For the sake of easier access to the market, the only
close solution so far are “drop-in” fuels, where their ap-
plication will be accompanied by minimal or no modifi-
cations to the aircraft and engine construction. For the
application of H2, as an aviation fuel, a special airport
and transport infrastructure is required. In addition, to-
day there are a number of challenges and concerns re-
lated to the production and implementation of H2 in the
aerospace industry.
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