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Krisztina Fehér

BIOMASS AS RAW MATERIAL OF AIRCRAFT FUELS

Biomass can be found in our every day life, because it surrounds us. We can eat it, we can cook with it, and it can
become waste. However, it can also be used as raw materials for a range of products, for example, for aircraft
fuel production, which fuel emits less pollutants, and furthermore can solve enviromental problems too. Along
with passenger and agricultural aircraft, military aircraft also use fuels for their flights, which is made from
animal fat, vegetable oil or solid waste, ie biomass. In this paper | would like to introduce several types of bio fuel
depending on their raw material and their production method.

Keywords aviation, biomass, bio jet fuel, bioalcohol, HEFA, FAME, SAF

INTRODUCTION

The origin of the biomass can p&ant or animaknd itsconsistencycan besolid, liquid or
gaseousTheir formation takes place in anaerobic manner as the raw materials of fossil fuels,
only in a much shorter period of timi cancontributes to sstainable developmerginceit

has still been classified as a renewable energy source in the EU and UN legal frameworks be-
cause photosynthesis cycles theo®@ck into new cropst is enough to mention that the €0
prportionhas already reached a recar®016(403,3 ppm) [2].

Biomass can be used in many ways: for human nutritiomrfional feed, for raw material and
energyproduction It is the fourth largest energy source of the world, justassilderived
companionslike petroleum, natural gaspalpreceds if3].

CO, emissions from burning fossil fuels
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Source: International Energy Agency (IEA) 2013, data for 2011 www.bdl.aero

Figure 1.CO, emission fromfossil fuels[4]

L ppmi paricle per million
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Aviation, along with several other human activities, contributes to the increase of the carbon dioxide
level in the atmosphere, whialicreases the greenhouse eff€éagure 3. Additiondly, pollutants
from the combustion of conventional fuels are added to atmospheric contamidegiending on
the growing environmental aspects and the rising prices olithently useduels, it is necessary
to introduce alternative fuell order forthis to happenhte new fuel mustorrespondhe same
standards as those on the market, but it is recommended to fulfill additional criteria; such as

Q during the combustion procefss less pollutantshould be emitted into the environment

thanusing thei conventional conterparts
Q their production should be economicaing renewable energy sources
Q currently usd fuel systemshould noor only slightlybe modified

BIOMASS AS RAW MATERIAL OF FUELS

There are sever@ypes of biomasused as raw materialr fuel. Biofuels are usually classified
into generations, depending tire feedstocks andhe type of land usetd growplants. These
categorisation can be seen below
Q first generationThey areproduced from arable crops intended for food and feed,(cor
potato, sunflower)From these through various chemical processes, starch (sugar) and
oil are extracted as source of biodiesel and bioethanol.
Q second generatioifhey areproduced from plants, lmich rot suitable for food and fee-
ding and enough to use pdorer quality land where food crops may not be able to grow.
Q third generationThey areproduced from oil of algae, which grows in oahd indoor
pools laying on unsuitablandfor cultivations
Q fourth generationAlgae and cyanobacteria are used aalgsts in their production with
sunlight. Biomasssi not damaged in this case

The following Hgure also shows how many types of biomass exist and how many different
processes can be used to makemative fuels available for aviation
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Figure 2. The rgor routes to aviation biofue[§]
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Californiabased Fulcrum BioEnergy produgesfuel from municipalsolid waste according to
the FischefTropsch methodAlready in 2014 the ASTM (American Society for Testing and
Materials)validated th& kerosene ahdiesel for using in air and land vehicl&se United Air-
lines, the Cathay Pacific, the AmericAir Force and Navyoined into the programme of the
company. In2017the firm bean to build its first plant in Reno, Nevada, and the second plant
will be bult in 2020 in Gary, Indiana. The new plamexpected to process about 700,000 tonnes
of waste and to produce about 125 million liters of alternative Thely claim that usinthis fuel

will reduce greenhouse gas emissions by 80% compared to tisgicdomterpartg6][7].

Figure 3 Siera Biofuel plant visual desigi8]

They are not only trying to recycle waste in North America, but also in South America, exactly
in Brazil. In this country, several types of fish are bred, with the largest amotilaipid. They

use only just fillets of these fishé&s human consumptiohis part accounts for 30% of the
whole fish, so the remaining 70% was discarded as a wastedhiat beharmful for the
enviromentBrazilian researchers investigated the useartedible parts and concluded that
from extruded oil of these parts can be raw material of an alternative fuel just likewlfeshl,
isillustrated in the table beloj®][10].

Features Fishbiodiesel ANP? recommendedlimits
Specific mass @0AC [3k g/ 877 850 900
Kinematic viscosity a80A C  [¥/sh 5,34 3,06,0
\Water leve[mg/kg] 95 500ig
Acidity level [mg KOH/g] 0,19 max. 0,50
Flash poin{ A C] 145 min. 100,0
Oxidation stabilityat 110A C [ H 8,7 min. 6
Inferior heating powefMJ/kg] 35,479 not specified bytherule ANP N"7/2008
Superior heating powgMJ/kg] 38,531 notspecified bytherule ANP N"7/2008

Table 1.Results of physicalrad chemicahnalysis of fish 0i[10]

In Europe, Swedeaccupies a leading position faking out offossil fuels Over the last three

years, ithas doubled the use of biofuels, whefe made frommainly wastes from forestry

logging As an airport operator, Swavia AB has set itself the goal of exempting Swedish
domestic and foreign flights from fossil fuels B945. At the momentairplanes can refuel
sustainable aviation fuel at their five airpoftsSt oc k ho | m, G°teborg, Br ol

2 ANP: Brazilian National Agency for Petroleum, NedaliGas and Biofuels
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which is producedoy World Energyin Los Angeles and supplied by SkyNRG and Shell
through theFly Green Fund They carnreduce carbon dioxid emissions by applying this alter-
native fuel. In addition, Swedavia plans to electrify the graerdice vehiclefl1][12].

Figure4Ri chard Bokstr°m refuelling the f[l3 st biojet

Microalgae hae emerged as the raw material for thgeheration biofuels, which are made up

of a single cellput significant in thebiosphere okarth,becausehey produce nearly half of

the oxygen in the atmosphere while using carbon dioxide for their grévaim hem several

types of alternative fuel can be producbmimethane, biodiesel, biohydrogen, depending on
how the algae are process&wo man production methods are usedceway ponénd pho-
tobioreactorlt is difficult to decide which is the better optifor algae cultivation, because one

is an open system that can be infected by other organisms, while the other is a closed unit, which
is more difficult and expensive to maintaifihe table below shows the amount of oil that can

be obtained from 100 tord algae forthe two methods mentioned abdté][15].

\Variable Photobioreactor facility Raceway ponds

IAnnual biomasgroduction[kg] 100000 100000

\Volumetric productivity[kg/méd]? 1,535 0,117

. 0,048

IAreal productivity[kg/m?d]* 0.072 0,03%

Biomassconcentratiorin broth[kg/md] 4,00 0,14

Dilution rate[1/d] 0,384 0,250

IArea needefim?] 5681 7828

- 136,9' 99,4

Oil yield [m%ha] 58 7 42,6

IAnnual CQ consumptiorikg] 183,333 183,333
132 parallel tubes/unit; 978 nt/pond; 12 m

System geometry 80 m long tubes; wide, 82 m long,
0.06 mtube diameter 0.30 m deep

Number of units 6 8

Table 2.Comparison of photobioreactor arateway pondproduction per 100 t of biomass
(You can find the letters from the table in the footné{d.4]

3 kg/m?d: kilogram per qubic meter dagyoductivity of one cubic meter volume for one day

4 kg/méd: kilogram per square meter day, productivity of one square raetafor one day

5a: Based on facility area., Based on actual pol area.c: Based on projected area of photobioreactor tibes.
d: Based on 70%y weight oil in biomass., e: Based on 30% bgight oil in biomass.
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Most of the reseaheshas been carried out in relation to biodiesel, which is obtained by further
processing of oil extracted from algdis. disadvantage is that its production requirést @f
water, but it has the &dntage of beingontoxic and eadily degradable nberial andusingit
reduces carbon dioxidsepotinto the atmospher@ndit does not contain sulfyi6]. Several
foreign companies are also involved in converting oil extracted from microalgae into aviation
fuel, which Iwill presentin another chapter

New research is going oral&ornia alsoln Masdar Institute of Science and Technoldgdyyi-

ted Arab EmiragsSalicornia was grown in a pilot project, whialas alreadyarvestedt the

end of 2017 This plant is rich in oil, so it is thought that it cae & good raw material for
aircraft fuel.lt belongs to the group of halophytes, which are not onlytglgtant, but specifi-
cally need the proper concentrate from this mineral to be able to germinate, so seawater is su-
itable for them, no fresh water isetwed.As a component of a biological system, they are
installed in aquaculture, where fish and shrimp aeel lso.All this is done by using a susta-
inable model Salicorniafield is fertilized with water usetbr fish and shrimp breedinghe
residual weer is cleaned by the mangrove trefes lives among the rootsf the treeswhile
theyusing carbon dioxidérom the atmaphere for their photosynthesis. Attempts are going on
in six units at the momenthe project involved Boeing, General Electricfr@a, Takreer (oll
refining) and Etihadairline, which will carry out test flights withheir aircraft using con-
ventionalfuel mixed with Salicornia ofl17].

Figure 5 Salicornia[18]

| think biomassbased fuels havieiture, becase we have these raw t@aals andhey can be

well integrated into sustainable development, and they can serve the aircraft that are currently
in use biowever,temporarilythey can only be blendgdout thereare ethicaljuestionsabout

creatng some of thenCan we use plantss raw mateals that are suitable for human nutrition

and, as we know, many people are hungry on Earth? Can we produce moelgying plants

on arable land that would also serve as food crops? However, the third and fourth generation
biofuels will solvetheseprodems
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SOME TYPES OF BIOFUELS

Biomassbased fuels that cdre used in flight must meet severafjuirements, as | mentioned
above, but at the moment it is pags most important thétey must be perfectly compattible

to burnin the engines dfoday used acraft In the Standard D1655 @&merican Society for
Testing Material§ASTM), entitled Standard Specification for Aviation Turbine Fuels, there is

a list of materials that can be usedas materials fofuels. This list includes crude oihatural

gasas liquid condensate, heavy oil, slate oil and oil sands, and has recently been expanded with
methods for producing alternative fuelfie ASTM D7566 8&andard already specifies alterna-

tive fuels which, when used as a mixt(nesult semisyntetis fuel) can meet the requirements

of D1655 preconditioningln that case, i new propellant meets the above two standards, it
can be used up to a maximum 6Pb as a mixture in fossil fue]$9].

Bioalcohols

Ethanol isthe most widespredulo-alcohd, which are derived from starch, cellulose and sugar
from plants.This alcohol has low energy density, cetane nunilaehpoint and heating value,
which would need 1.7 times larger fuel tank of the aircraft fueled wigthig. 6.)[20][21].

50% Larger
Engines

V|
E/

35% Heavier
Takeoff
Weight

25% Larger Wing

Figure 6 Ethanol powered plaf@2]

Compared to conventional fuels, they burn more clearly, resulting in fewer pollutaiies
atmospheréno heavy metals, no more than a quarter of carbon monoxide, one fifth of sulfur
oxidescomparing to the traditial keroza). It also has the disadvantage that it can initiate
corrosion insomemetal parts, so it is not recommended in itself &gitan additig for the
operation of aircraff20][21].

There are also companies, such as Byogy Renewables, which pradixtara d long-chain
hydrocarbons from ethanol or other alcohol (Fig. 7), which can also be used for aircraft.
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Figure 7 Byogy Renewables meth¢a3]
Hydroprocessed Esters and Fatty Acids (HEFA)

The Hydroprocessed Esters and Fatty A¢lEFA), also known as Hydprocessesd Rene-

wable Jet Fuel (HRJ), can be based on animal fat, vegetable oils, or evenalgeail. These

mixtures contain carbon, so they produce greenhouse gases when burned, but not as much as
conventional fuelsand they free from askulfur and aromatic compoundBecause of their

good properties, such as high energy content and cetane number, they do not cause corrosion,
thermally stable liquids, they can be used in conventional engines, but they have adifgh pa
content, so their freezinpoint is inadequat&esearchers from FEN® and Shell have jointly
produced two types of HEFA (HEFA 1 and HEFA 2), which have been mixed with &1

and have been tested. Their resulessirown in Table R0][24].

. Densityat 15°C Freezing Viscosity at L
Analysis [kg/m3] point [C] 20C [mm?s] Flashpoint[ C]
Jet A-1 specification 775840 47 max. 8,0 max. 38min
HEFA1l 773,5 27,0 11,72 67
Jet + 10% HEFAL 800,0 49,0 4,426 43
Jet + 20% HEFAL1 797,0 46,5 4,859 43,5
Jet + 30% HEFAL1l 794,0 445 5,363 45
HEFA2 765,9 57,5 7,517 68
Jet + 75% HEFA2 775,0 56 6,335 58

Table 3.Characteristics of Jet-A, HEFA1 and HEFAZ2 fueland their mixtures (own editigifi24]

From the HRble above, it can be seen tbahventional and alternative fuel blendeet their
requirements.

Biodiesels

Biodieset arebased on plant oils (coconut, palm kernel,dssy etc.) or animal fats, just like
HEFA. They @an be used alone or as a mix, becdbse viscosity and specificnergy value
are close to the traditionélels, in addition, they havexcellent lubricating properties, but its
inflammation point is much highefheir disadvantage is that they haveigher freezing point
compared to kerosenklore attention should alshe paid to storage, becausefttey acids in

8 |FP Energies nouvelles
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themare highly susceptible to oxidatidoutthis can be eliminated by adding various additives.
During their burning,98% less sulfur and 50% lefleating particle are releaseadto the
environmen{20].

Researherare conducting promising resehwith Fatty Acid Methyl Ester@~AME) to produce
biodiesels.The alvantge of thisalternative fueis that it contains oxygen that can reduce the
carbonand sootontent of the fualluringburning, furthermor¢hat it can be produced with less
energy like traditionalcompanionsThe following Table shows the properties of Distilled Fatty
Acid Methyl Esters (DFAME) from palm kernel and comoiaity available Jet AL blendq19].

Palm kernel DFAME (PDFAME)

% DFAME 0 5 10 20
Colour and aspect clear clear clear clear

C [%] 84.12 84.47 84.17 82,57

H [%] 14.67 14.24 1397 1411
Elemental composition O [%] 122 1.29 1.86 3.32

N [%] - - - -

S [%] - - - -
Density at15 C [kg/m?] 7910 8023 8055 8118
Higher heating value[MJ/kg] 46.04 45.68 4517 4421
Lower heating value[MJ/kg] 4290 42,64 42.18 41.19
Energy density[GJ/m?] 3393 3421 3398 3344
Viscosity at 207C [mm?/s] 3.42 351 3.67 4.06
Viscosity at40™C [mm?/s] - - - -
Flash point [ C] 430 435 45.0 455
Freezing point[ C] 62.0 60.0 48.3 415
Smoke point[mm] 2333 24.33 25.67 26.67
Copper strip corrosion, class la la la la

Table 4. Properteof the Blends of Palm Kerneitiw Fossil Kerosene ith Additives JetA-1 [19]

METHODS OF PRODUCING BIOFUELS

At the moment, it isot just a question of a new fuel that does not pollute its environment during
combustion, but if possible, use renewable energy sources to produwaé.are several ways

to producebiofuels for aircraftApplying of these methods depends largely anrdov naterial

and the type of final producthe methods presented can be used alone or as part of a process.

Biochemical procedures

Alcohol can be producdd several steps using biaamical methodswhich are based arar-
bohydrategthey produce frorbiomass)The basis of the Direct Sugar to Hydrocarbon (DSHC)
process is the sugar that can be obtained directly from plants or from complex carbohydrates
(cellulose, starch)in the DSHCmethod, hydrolysis followed by fermentationléaed by
hydroprocessig is used to obtain the desired compouBgkning the resulting fugbroduces

82% less greenhouse gaf2g).

For the Alcohol To Jet (ATJmethod alcohol is produced fromarbohydrates (sugar, starch,
cellulose)in the course of fermenatation from synhesis gasffom waste).The resulting com-
pound has to undergo dehydration, oligomerization, distillation and hydrogenation to produce
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a hydrocarbon fuellhe process is na@ostly, and the raw materials are not expensivesant
can be considered econaai[20].

Thermochemical procedures

In addition to biochemical methods, thermochemical processes are also used to produce biofu-
els. One of the most significaist FischefTropsch synthesi(Fig. 8), which is also used as a
self or intermediate process.
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Heater
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FT Reactor

Exhaust
Gases

FT Fuels

Figure 8 FischerTropschsynthesig25]

At the beginning bthis method, the biomass is gasified with oxygen and steam to form a synt-
hesis gas consisting of CO and Hhis process takes place between 150 and @Q@sing ca-
talysts from various metals @kel, iron, etc.)Several types of hydrocarbons can be formed at
the end of the process, which depend on the applied temperature and the catalystalasuivell.
the produced alternative fuedn be said to burn more clearly (does not contain sulfurrand a
matic compounds), but its lubricating ability is much lowentita conventional counterparts,
and is therefore used as a mixture rather than in ifidedfprocess itself is very costly, but rese-
archers, developers are trying to make it more econoanchliting it into sustainabilityf20].

In theBiomass To Liquid (BTL)procesqFig. 9.) FT synthesisis used Before it the biomass
is pretreated in mecheal and/or chemical paths, usiggsification, purification. If the above
mentioned procedure @nitted, pyrolysis is used instead of it andrthhydrgrocessing20].

Biomass

Recuperator Scrubber

Upgrading

\ s

FT Synthesis

Low temperature | Gas shift
gasifier High temperature D reactor
. ust-
gasifier

0

removal
Figure 9 Equipment for the BTL procedure [26]

Pyrolysis is used to break down biomass, which can take atatiferent temperatures in an
oxygenpoor or free environment
Q low terrperaturglabove5 0 0 A Ccarhonizatioh )
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Q medium temperaturg0G 8 0 0 , gii€k)pyrolisis
Q high temperaturéabove8 0 0 , gAgiiyation[27].

The final product is gaseous (rhahe) and liquid (hydrocarbon) materials.
Hydroprocessing

A hydroprocessingnethod is a complex process consisting of two parts
Q first refine the animal fat or vegetable oil with a hydrogenation catalyst
Q followed by isomerization to change thteucture of the compounds formed in the pre-
vious process so that their compositiomagns the same

During the process, oxygen is withdrawn from the system and hydrogen is introduced, which
has two variants: one does not change the fatty acid chainaéeerydrotreatment, but the

water appears next to &t the othethe chain is sheer than the other, and G@ producedin

both cases, HEFA (HRJ) fuel is generated, which, as described in the previous chapter, can only
be used as an additive for ttime being.(Fig. 10.)[24].

Figure 10 HRJ blendg28]

Transesterification

Transeterification can produce biodiesel from vegetable oil or animabDfating the process,
the raw material is reactdédree times as much with alcoRelconomically methaol) andca-
talyst (alkali), and at the end of the process biodiesel and glycerolaaheced.The obtained
alternative fuelis not in use at thistatusbecause of the presence of glycerine and alcohol
residues. These compounds are reedoby repeated agueous pas4adé¢

CHz-OCOR, Comst  FHEOM R, —COOCH;

CH—OCOR, + 3HOCH, CH—OH + R, —~COOCH,

CH7-OCOR, CH5-OH R;—COOCH,
Triglyceride Methanol Glycerol Methyl esters
(parent oil) (alcohol) (biodiesel)

Figure 1. Process ofransesterification1[4]
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SOME APPLICATIONS OF BIO FUELS

The Ipanema EMB 202A aircraft manufactured by the Brazilian Embraer company works with
ethanol.They are mainly used iagriculture.In Brazil, ethanol is principallyproduced from
sugar cane, so the producers of this plant are mibstlysersof the above mentioned aircratft.

By 2014,269 of these aircraft were sd@R].

Figure 2. Ipanema EMB 202430

In 2013, a successful test flight was performea Bykorsky UH60 Black Hawkhelicopter of

the US Army(Fig. 13) with a 50% ATJproducedrom corn)blend, whichproduced by Gevo
company In the following years, the US Navy also tested it in ARarm toFleeb program

togethemith the US Army[31].

Figure 1. Black Hawk helicopter flying with 50% ATJ blerj@1]

Not only the US Army madan agreement witsevo.Working in partnership with the Que-
ensland Government, Brisbane AirpGdrporation, USbhased biofuel producer Gevo, Inc. and
supply chain partners Caltex and DB Schenker, Virgin Australia led the procurement and
blending of sustai@ble aviation fuel, or biojet, with traditional jet fuel for supply into the fuel
infrastructureat Brisbane AirportAs a result of the trial, biojet has now been used to fuel 195
domestic and international flights departing from Brisbane Airport, tiagelinore than
430,000 kilometres to destinations across Queensfargiralia and around the die[32].

In the summer of 2018, in Leeuwarden airbase of the Royal NetheAan@srce launched a

test of Sustainable Aviationuél (SAF) on a FL6 fighter afcraft, which was successful. For

the time being, according to planslBs will be flyingwith this 5% blend. This fuel is made
from used cooking oil at Paramount, California, in the plan of the World Energy company. Two
other companies were involved iretacquisition and delivery: SKkyNRG and Shell Aviation.
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The SAF reduces carbon dioxide (QGEnissions with sixty to eighty percent compared to
conventional fuelThe Royal Netherlands Air Force plans to use this fuel more and more on its
aircraft at everair basefurthermore, it wants to reduce the use of fossil fuels by 20% by 2030 and
by 70% by 205033].

» .
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y Gy ‘ =; - -

—

Figure 4. One of the FL6 of the Royal Netherlands Air Force refueled with a mixture of SAF anglentional
fuel at LeeuwardeAir Base[33]

California based Solazyme company grawisroalgae, from which industrial lubricants and
four types of fuel are produced, including for aircraft, called Sol@jetir fuel meets ASTM
D 1655 $andard According to the company, conventional fuels can be rephladedt, redu-
cedsmokeemissions from aircraft, reduced maintenance citstaslonger storage timesnd
lower levels of flammability34].

Solajet fuel waslao used for test flight with 88 conventional kerosene on November 7, 2011
on United AirlinesBoeing 737800 aircraft for the first time in the world. Withine EceSkies
program, a flight flewfrom Houston to Chicag[35].

AS

© WNTED :
SETITITI ’nu UOREE DRV L

Figure B. United Airlines EceSkiesprogranme[36]

Within the ecoDemonstrator program, a Boeing-88@ passenger airctalias completed in
2012 to test various environmentally friendéchnologies, including alternative fuelhese
investigations were conducted in December 2014 with-ealed "green diesel" made from
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animalfat, vegetable and usedoikng oil which issimilar to HEFA and has already been used
in ground transporgor the first time in the successful test flight, only one engine of the aircraft
was fed withits 15% mixture, and later bo{B7][38].

Figure . Boeing 787sont est f |l i gheé s ¢@88da h Agreen di

CONCLUSION

Aviation, eithercivilian or military heavilyinvolvedin environmental pollutiol€O, emission

but it is not just one aspect that motivates researchers to createaitereativefuel, but also

that the price of crual oil is gradudy rising, becausdéts economically exploitable quantity
decreased-ormerly the main reason of using alternative fuel wasitletd emitted less pol-
lutants into the atmosphere while burnihgpwadays, this is not the only reason that makes it
as part othe sustainableavelopment, &me important thaenewable energies are used for its
production, and it can be used in existing aircraft without transforming the fuel system (aircraft
that are being built today will run for about 30 years).

There are seval types of altanativefuel. If we consider the principle of sustainable development

and recyclingless solutions are avilableumanity is producing more and more waste every day,
which can be communal and industrial. It is logical to use them aswatanal for fued, thus solving

the problem of waste disposahother viable option is to produce various fuels from algaeleik,

too, we can solve several problems at the same time, because we can produce fuel decrising the at-
mospheric CQ like the algae usearbon dioxide from the atmosphere for their survival and growth,
reducing the amount of this component in the atmospAbread, there are stalled algae farms

that have been installed next to large polluting plants or airports to clesn the

Testingbiofuels has been going on for years in both the military and civilian sectors. Aircraft
companies, airlies, various agencies, departmentsversities, research institutes, fuel com-
panies and, lasut not leastusers have joitheir forces with eacthother to develop the right
biofuels that are less polluting like the today used traditional.flie¢strue that aviation adds
about 3% to environmental polian, but it should also be keép mind that the number of
flights have beeincreaing year byyear, as more and more peopkeve chosen this way of
traveling, so it$ likely that value will only increase ifevdo not change owattitude towards

our environment.
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Krisztina Fehér: Biomass as Raw Material of Aircraft Fuels

BIOMASSZA, MINT A LEGI JARMUMEAKNYERZAINAGANY A G

A biomasszdval nap, mint nap taldlkozhatunk, hiszen koriilvesz minket, ételként fogyaszthatjuk, fézhetiink vele,
hulladékka valhat. Ugyanakkor nyersanyagkeént is hasznalhatjuk oket. Olyan tiizeloanyagok dllithatok el6 beldle
legijarmiivek szamara, amelyek ezeket alkalmazva kevesebb karosanyagot bocsatanak ki, raadasul egyéb kdrnye-
zetet védd megoldast is nyujtanak. Mar utasszallito és mezégazdasagi repiilogépek mellett katonai légijarmiivek
is hasznalnak repiilésiikhoz olyan tiizeloanyagokat, melyeket dllati zsiradékbol, névényi olajbol vagy szilard hul-
ladékbol, azaz biomasszabal allitanak eld. Tobb fajtajuk is létezik alapanyaguktol és eléallitasi modjuktol fiiggden,
melyek bemutatasra keriilnek a cikkben.

Kulcsszavakrepiilés, biomassza, biotiizeléanyag, bioalkohol, HEFA, FAME, SAF
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