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Potential of babassu biofuels use as aviation fuel

Potencial do uso de biocombustiveis de babassu como combustivel para aviagao
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Abstract

Through a review of the bibliographic base was identified the potential and difficulties of using biofuels based on
babassu culture for use as aviation biofuel. Babassu palm is one of the most important crops for family farming in the
north and northeast of Brazil due to its vast use potential. From babassu oil, by transesterification, good quality
biodiesel can be obtained. However, it does not have the properties necessary to be used as aviation biofuel.
Researches with biofuels from this culture and cultures with a similar organic profile were analyzed pointing out the
feasibility of these biofuels as a mixture in aviation kerosene, nevertheless, these biofuels present several problems
when used alone. Among the physical-chemical properties analyzed, the freezing point was a critical factor for not
using these biofuels. This review points out the best results to improve the physicochemical properties of babassu
biofuels to use as aviation fuel and present an important social factor to this palm uses.

Keywords: Bio-jet fuels; Jet fuels; Biofuels; Babassu; Tropic cultures.

Resumo

Através de uma revisdo bibliogréafica se avaliou o potencial e as dificuldades do uso de biocombustiveis provindos da
cultura do babacu para uso como biocombustivel de aviagdo. O babacu é uma das culturas mais importantes para a
agricultura familiar no Norte e Nordeste do Brasil devido ao seu vasto potencial de uso. Do 6leo de babagu, por
transesterificacdo, pode-se obter biodiesel de boa qualidade, no entanto, ndo se possui as propriedades necessarias
para ser utilizado como biocombustivel de aviacdo. Pesquisas com os biocombustiveis dessa cultura e com culturas
com perfil organico semelhante foram analisadas apontando a viabilidade desses biocombustiveis como mistura ao
querosene de aviagdo, no entanto, esses biocombustiveis apresentam diversos problemas quando utilizados
isoladamente. Dentre as propriedades fisico-quimicas analisadas, o ponto de congelamento foi um fator critico para a
ndo utilizacdo desses biocombustiveis. Esta revisdo aponta os melhores métodos e resultados para melhorar as
propriedades fisico-quimicas dos biocombustiveis de babagu para uso como combustivel de aviagéo e apresenta um
importante fator social para o uso dessa palmeira.

Palavras-chave: Biocombustiveis para jato; Biocombustiveis; Babacu; Culturas tropicais.
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Resumen

Mediante una revision de la literatura, se evalud el potencial y las dificultades del uso de biocombustibles del cultivo
de babasi para su uso como biocombustible de aviacion. EI babasu es uno de los cultivos mas importantes para la
agricultura familiar en el norte y noreste de Brasil debido a su gran potencial de uso. Se puede obtener biodiésel de
buena calidad a partir del aceite de babasii mediante transesterificacién, sin embargo, no tiene las propiedades
necesarias para ser utilizado como biocombustible de aviacién. Se analizaron investigaciones con biocombustibles de
este cultivo y con cultivos con perfil organico similar sefialando la viabilidad de estos biocombustibles en mezcla con
queroseno de aviacion, sin embargo, estos biocombustibles presentan varios problemas cuando se usan solos. Entre
las propiedades fisicoquimicas analizadas, el punto de congelacion fue un factor critico para no utilizar estos
biocombustibles. Esta revision sefiala los mejores métodos y resultados para mejorar las propiedades fisicoquimicas
de los biocombustibles de babast para su uso como combustible de aviacién y presenta un factor social importante
para el uso de esta palma.

Palabras clave: Biocombustibles a aviacién; Biocombustibles; Babassu; Culturas tropicales.

1. Introduction

Concerns about the environmental issue have been growing gradually over the years, especially about greenhouse gas
emissions, these emissions are directly linked to the use of fossil fuels (IEA, 2019).

With the growing awareness and technological advances towards sustainability, what is happening gradually, is a
replacement from non-renewable sources to more sustainable and ecologically viable sources (Marsh, 2008; Zhang et al.,
2016).

Aviation sector is responsible for 2% of all CO, emissions produced by human activities and is projected to reach 3.5%
with the increase in this transport activity over the next decades (Cui & Li, 2017; IATA, 2017). Because of it, some studies are
being developed with the purpose to reduce these negative impacts, like improve turbines efficiencies and developments of
renewable fuels environmentally friendly (Kandaramath Hari et al., 2015; Wang & Tao, 2016; Yang et al., 2019).

The development of renewable fuels in the aviation sector still is a piece of very new knowledge, thus, none
environmentally suitable fuel can efficiently replace aviation fuel. However, some chemical compounds have been used to
make biofuels viable in this area, such as the use of biokerosene, esters, sugars, and alcohols (Cremonez et al., 2015; Gutiérrez-
Antonio et al., 2017; Kandaramath Hari et al., 2015; Yang et al., 2019).

The difficulty in obtaining an aviation biofuel is related to elaborate a fuel that meets the physicochemical standards for
this activity, like appropriate flow properties, suitable oxidation stability, right specific mass, satisfactory viscosity, and
calorific power required to aeronautical demand (Bergthorson & Thomson, 2015; Kandaramath Hari et al., 2015; Nie et al.,
2019).

Several studies have used low molecular weight biodiesel to make possible the use of these as aviation biofuels, among
the most common is the use of jatropha, palm, camellia (Baroutian et al., 2013; Choi et al., 2018; Lin et al., 2020; Ranucci et
al., 2018; Rodrigues Ranucci et al., 2014). These biodiesels have characteristics like density and viscosity similar to traditional
aviation fuel (Blakey et al., 2011; Ranucci et al., 2018).

Babassu oil is predominantly compound by lauric acid (C12: 0), which facilitates transesterification reaction, because of
the short carbon chain, which results in more effective interaction with alcohol. The biodiesel obtained in the babassu oil
transesterification has a low molecular weight, few double bonds, and low viscosity (F. C. Silva A & Cavalcante A, B, H. C.
Louzeiro A, B, K. R. M. Moura A, A. P. Maciel A, L. E. B. Soledade B, 2010; Santos et al., 2007). Jet A-1, the traditional
fuel used as aviation fuel, it is composed predominantly of 8 to 16 carbons. Because of the organic similarity and the low
weight and viscosity of babassu biodiesel, presupposes this biodiesel can be a potential substitute to Jet A-1.

Although having conditions such as density, viscosity and organic components similar to the traditional fuel used in

aviation, babassu biodiesel has a high freezing point, which prevents be used in cold places, especially in high altitudes.
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From this context, the objective of this study is to carry out an evaluation of the use of babassu biodiesel as biofuel for

aviation, presenting a comparison with traditional aviation fuel and other aviation biofuels.

2. Methodology

This study was carried out through a bibliographic survey aiming to identify the potential of biofuels from babassu for
use in aero engines.

For this, information was collected on the market, production potential, physicochemical characteristics of babassu oil
and biofuels, market and difficulties of aviation biofuels, and a comparison was made between the properties of babassu

biofuels obtained in the literature with the quality standard for the Jet Al aviation fuel.

3. Babassu biodiesel
3.1 Market and production potential of babassu oil in Brazil

The babassu palm (Orbignya phalerata, Mart.) is one of the most important palm trees in the north and northeast Brazilian
regions and, widely, it is found around the south of the Amazon Basin, in the Maranh&o, Piaui, and the Tocantins states
(Bergmann et al., 2013). Lima et al., 2007 estimates that in the Brazilian Northeast there are about 12 million hectares planted
with babassu, being the majority in the Maranh&o state.

Although it can be used in the food industry, babassu oil is not traditionally used for this purpose, since the commercial
interest for this palm is the use of its wood and straw in the manufacture of handicrafts (Bergmann et al., 2013).

From babassu seed, it is possible to extract an oil that has a transparent yellow color, with a predominantly saturated fatty
acid composition. Babassu coconut has an average of 7% almonds, from which contain about 65% of oil (Bergmann et al.,
2013; L. E. Oliveira et al., 2013).

The incentive to use biodiesel as a fuel source in Brazil, it is not only an environmental issue but also an economic and
social development source, as advocated by the biodiesel development program, the National Biodiesel Production and Use
Program (PNPB) (Zalla et al., 2019). This incentive program to biodiesel production has basic objectives, among them: social
development, job creation, and income distribution to family farmers. By incorporating another source of income for babassu,
we are directly contributing to the PNPB objectives, since the extraction activity of this palm, is already included in the reality
of farming families in the north and northeast regions (dos Santos Alves et al., 2017).

Since 2008, the main raw materials for the production of commercial biodiesel in Brazil are soybean oil and animal fat.
However, there is an increase in the use of other raw materials over the years, increasing from 1% in 2015 to 12% in
April/2019. This fact represents a market opening for incorporating new sources of raw materials in this sector (ANP/ABIOVE
- Coordenadoria de Economia e Estatistica, 2019).

The diversification of raw materials guarantees safety in the production of biodiesel, however, despite the increasing
diversification of raw materials Brazil still uses primarily first-generation crops, like soybean and corn (Processamento-
Materias-Primas-2019 (1), n.d.).

3.2 Physical-Chemical characteristics of babassu oil and biofuels

Babassu oil is composed of saturated and unsaturated fatty acids, with the predominance of lauric acid (C12:0). This
facilitates the transesterification reaction, since the short carbon chain results in more effective interaction with alcohol,
obtaining biodiesel with physicochemical characteristics appropriate to current regulations (Lima et al., 2007; Zalla et al.,
2019).
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Babassu biodiesel has low molecular weight and few double bonds, which cause low viscosity. Although it shows good
quality biodiesel, there are few studies with babassu, nevertheless, the problems related to the use of this biodiesel are similar
to those found in short carbon chain biodiesels, such as palm and jatropha (Verma & Sharma, 2016).

Table 1 shows the chemical composition of fatty acids present in biofuels derived from babassu oil with predominance of
C12, C14, C16, and C18:1.

Table 1 - Chemical composition of fatty acids presents in babassu biofuels.

(Santos, J. R. De J; (V.F.de (V.F.de

;Is‘"g’glelt) Souza, A. G. De; (ngf‘s'z/g'l';)a" (a£|>a ngf)t (Ranucci etal., 2018)  Oliveiraet  Oliveira et

" Silva, 2008) B B al., 2018) al., 2020)

Biodiesel Biodiesel Biokerosene Biodiesel  Biodiesel Biokerosene Biodiesel Biodiesel
C8:0/% Caprylic 6.40 6,8 13.27 454 2.15 4.08 6.76 3.79
C10:0/% Capric 6.85 6,3 11.27 4.25 2.37 6.11 5.66 5.42
C12:0/% Lauric 37.57 41 69.26 44.14 35.76 55.96 45.41 47.75
C14:0/% Myristic 18.63 16,2 5.58 14.47 13.40 6.57 16.51 16.54
C16:0/% Palmitic 14.39 9,4 0.61 9.38 7.93 1.66 8.68 8.58
C18:0/% Stearic 8.12 3,4 - 4.40 2.27 - 3.45
C18:1n-9/% Oleic 18.46 14,2 - 14.04 15.03 3.18 12.0

C18:2n-6/% 1373
. . 2.34 2,5 - 2.83 2.62 - 2.46
Linoleic

Source: Authors.

4. Bio jet fuel: Review
4.1 Current market scenario for aviation biofuels

Sim0es and Schaeffer (2005) reported that Brazil has already used blends between biodiesel and aviation kerosene since
1982, with a jet fuel named PROSCENE, that has 10% of biodiesel in aviation kerosene, and the first flight using this fuel
occurred in 1984 with the collaboration of Federal University of Ceara (UFC) and the Brazilian Air Force Command.

In 2008, aviation biofuels were tested in commercial aviation, in which case Air New Zealand used the Boeing 747 with a
mixture of 50% commercial aviation fuel and 50% jatropha biodiesel. In 2009, both Continental Airlines and Japan Airlines
tested fuel blends as energy alternatives. For Continental Airlines, the mixture tested used aviation kerosene, jatropha
biodiesel, and algae biodiesel, meanwhile, the mixture tested by Japan Airlines used 50% of biodiesels from seaweed,
camelina, herb, and jatropha, and 50% of commercial aviation fuel. In both tests, biofuels perform well, allowing a 60% and
80% reduction in greenhouse gases (Filimonau & Hogstrom, 2017).

With the growing demand for biofuels in Brazilian aviation, in 2010 the Brazilian Alliance for Aviation Biofuels
(ABRABA) was created, a group with the largest companies related to the aviation sector and biofuel production, to the goal of
reducing the dependence on fossil fuels and guarantee supply and competition in this sector (Biocombustiveis Aeronauticos
Progressos e Desafios, 2010; Cremonez et al., 2015).

Over the years, tests with biofuels blends with aviation fuel had been intensified, search for reducing the emission of
greenhouse gases. In 2014, on the flight accomplished by KLM Royal Dutch Airlines, was used commercial aviation fuel with
a blend of 20% of the reused frying oil, and, it was possible to make the 10-hour flight, between Amsterdam and Aruba,
without any inconvenience or failure (BIODIESELBR, 2014). Table 2 shows the main flights performed with aviation biofuels

using different biomass.
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Table 2 - Main flights performed using biofuels from different biomass.

Flight Type Location Airlines Aircrafts Raw material Biojet Fuel %  Year
Commercial Shanghai-Beijin Hainan Airlines  Boeing 747-800 Used cooking oil 50 2015
Commercial ~ Shanghai-Hong Kong Dragonair Airbus A330-300 Used cooking oil 50 2015
360 flights during the . .
Commercial  FIFAWorldCup 2014 O TTansportes oo 757 799 Inedible com oil and used 4 2014
. ) Aéreos cooking oil
Rio de Janeiro
Commercial Bogota-Cali LAN Airbus A320 Camelina oil 30 2013
National
Test Ontario Research Council Falcon 20 Brassica carinata oil 100 2012
of Canada(NRC)
Used cooking oil (44%),
Commercial ~ Mexico City-S&o Paulo Aeroméxico Boeing 777-200  Jatropha oil (1%)and Camelina 50 2012
oil (5%)
Commercial  Hamburg to Frankfurt Lufthansa Airbus A321 Jatropha/camelina/animal fat 50 2011
Commercial Rio de Janeiro TAM Airbus 320 Jatropha oil 50 2010
Test London-Amsterdam Virgin Atlantic Boeing747-400 Coconut and Babassu 20 2008

Source: Adapted from (Cremonez et al., 2015; Gongalves F dos R, Borges LEP, 2011; Gutiérrez-Antonio et al., 2017).

In the flights carried out in 2015, highlight the flights of Hainan Airlines, which used the technology of hydroprocessing
of esters and fatty acids from cooking oil in commercial aviation using the Boeing 747. Thus, it is demonstrated that in
addition to the use of more suitable biomasses to biojet fuel production, biofuel processing, and production routes are of
extreme importance for the final quality of the fuel. And, currently, the companies that are leaders in biofuels production, such
as UOP Honeywell, SkyNRG, and Sasol, have been investing to optimize their production to bring greater sustainability and
economic viability to biofuels (Gutiérrez-Antonio et al., 2017; Olcay H, Malina R, Upadhye AA, Hileman JI, Huber GW,
2018; Zhang et al., 2016).

Currently, aviation fuels must meet extremely restrict specifications before being used in their activities. The technical
standards ASTM D1655, of the American Society for Tests and Materials, and DEF STAN 91-91 of the British Ministry of
Defense (MOD), are the two specifications used to ensure the properties of aviation fuels. As for aviation biofuels, these are
defined by the standards, as mixtures between conventional aviation fuel and renewable fuels, and bio-based synthetic
hydrocarbons, not necessarily being 100% bio-based compounds. However, the aviation biofuels must meet specifications
similar to the ASTM D1655 standard, to be compatible with the existing aircraft fleet (Blakey et al., 2011; Wilson et al., 2013;
Zhang et al., 2016). In 2009, the American company ASTM, and the British organization DEF STAN, defined the specification
standard for turbine fuel with hydrocarbons synthesized through the ASTM D7566 standard (Zhang et al., 2016).

In Brazil, until the year 2019, was followed the international standard rules for aviation biofuels, but recently the
Brazilian Agency for petroleum, natural gas, and biofuels (ANP), created resolution ANP n° 778/2019 which specifies the
quality obligations of aviation kerosene, alternative aviation kerosene, and C aviation kerosene (blend among bio-kerosene and
Jet-Al) (ANP, 2019).

The study by Llamas et al. (2012b) demonstrated that the blend between coconut and palm biodiesel can be mixed with
Jet-Al fuel in a volume of up to 10% and still meet the specifications of the current legislation, thus shows the feasibility of
using biofuels in aeronautical sector cooperating for the development of technologies better suited to the environment.

Baroutian et al. (2013) also observed in a similar study, that a blend among jatropha biodiesel and residual oils can be
added to the Jet-Al, being a better alternative, and more environmentally friendly than just the use of fossil fuel.
Ranucci et al. (2018), found that the use of biodiesel from jatropha, babassu, and palm in blends with the Jet-Al, with

combinations until 10%, meet the standards imposed by the American norm. And the blends with 20%, only the standard of
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calorific value was not met, being in a lower margin of only 0.3 MJ.Kg. Thus, it is possible to verify the feasibility of using

these partial blends with fossil fuel, reducing consumption and the impacts of this use.

4.2. Difficulty and restrictions on the use of aviation biofuels

Biokerosene is the most popular biofuel used in aviation, a contributing fact is that the use of this biofuel doesn't require
any structural changes in the aeronautical engine. However, its uses are limited for many reasons, among them the fact that this
aviation biofuel has a lower energy density compared to the traditional aeronautical fuels (Chuck & Donnelly, 2014; Schéfer &
Waitz, 2014).

Other disadvantages of renewable fuels to the aviation sector, are related to biodegradability, and the presence of
unsaturated fatty acids, whit, usually, provides low oxidative stability and emulsion formation (Atmanli, 2016; Yilmaz &
Morton, 2011). The elevated freezing point is also a serious problem, especially in high altitudes flights (Hajjari et al., 2017;
Mahmudul et al., 2017).

Mcgrath et al. (2016) (Mcgrath et al., 2016) cited that, to guarantee the feasibility of using biofuels in aviation, one
should try to follow the premises of using non-edible and environmentally adequate raw materials for their productions, and
ensure that their fuel characteristics are safe and adequate to international standards. However, to achieve the jet fuel
characteristics, these biofuels must pass to additional processes, which would increase their production cost (Liu et al., 2013;
Reimer & Zheng, 2016).

Most of the renewable fuels tested in the aviation sector does not meet the performance and safety standards necessary to
aviation fuels, due to its poor combustible characteristics. However, these can be used as blends in traditional jet fuel (Wang &
Tao, 2016).

In 2014, ASTM approved the use of 5 mg/kg of biokerosene in aviation fuels, once several tests have demonstrated the
feasibility of blending jet fuels with the biokerosene, mainly with cultures such as jatropha, algae, and camelina (Baroutian et
al., 2013; International Air Transport Association (IATA), 2015; Llamas, Al-Lal, et al., 2012).

In the European renewable energy directive, in 2009, biofuels for aviation uses were mentioned, but at the time, they
were a limited technology. The uncertainties about the policies to be adopted also hindered the development of these biofuels,
the limitations in the production of first-generation biofuels were views as barriers to aviation biofuels development (P. Deane
etal., 2015).

Currently, the European aviation biofuel policy has multiple areas related to its energy and climate policies, in addition to
an extensive range of strategies and similar proposals. Therefore, Deane and Pye (2018) (J. P. Deane & Pye, 2018) recommend
that aviation biofuel be integrated strategies into bioeconomy, circular economy, and aviation sectors so that their greater
cohesion and better development in these sectors.

To guarantee the use of aeronautical biofuels, in the current and future market scenario, some premises should be
followed, as such as: Meet the current fuel standards, like high energy density, and low freezing point; Guide the development
of biofuels in ecologically appropriate processes, ensuring a low environmental impact in their production chain, and
mitigating the emission of greenhouse gases; Ensure economic competitiveness with fossil fuels; To avoid the use of first-
generation raw materials (Biocombustiveis Aeronauticos Progressos e Desafios, 2010).

Although aviation biofuels use is limited by its poor fuel properties, the options to this will increase as the properties of
these alternative fuels improves. Thus, production technologies should be encouraged to find more sustainable and

economically viable aviation fuels (Yilmaz & Atmanli, 2017).
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5. Comparison between babassu biofuels and Jet — Al

Brazil has two main resolutions that define the quality standards for aviation fuels, ANP n° 778/2019 (ANP, 2019), which
determine standards for aviation kerosene (Jet - Al). And ANP resolution 05/2009 (N° & Dou, 2009), which defines the
specifications of aviation gasoline.

Both fuels, Jet - Al and aviation gasoline, are derived from the petro-oil refining process, but the Jet A-1 has 11 and 12
carbons, while the aviation gasoline has 5 to 8 carbons. Consequently, their properties and applications are different too, the Jet
A-1is used in turbine engines, and aviation gasoline in spark-ignition engines, which are small planes (Lu et al., 2020).

Babassu biodiesel is predominantly composed of lauric acid (C12:0) similar to the carbon chain present in Jet - Al,
furthermore, it has low viscosity and low density concerning other biodiesels, it makes it a potential alternative for use as
aviation biofuel. Table 3 shows a physical-chemical comparison between Jet - Al and babassu biofuel.

Table 3 - Physical-chemical comparison between Jet - Al and babassu biofuels.

(Santos, J. R. De J; (Llamas, Al- (Da Ros et (V.F.de (Girardi et (V.F.de
SOUZA, A. G. De;  Lal, etal., al., 2014) (Ranucci et al., 2018) Oliveira et al., 2021) Oliveiraet Jet Al
SILVA, 2008) 2012) B al., 2018) B al., 2020)
Method / process - . - - . . Biod_iesel Biodiesel ASTM
) Biodiesel Biokerosene Biodiesel Biodiesel Biokerosene Biokerosene with ;

/ technique additives Fatty Acids D7566
Organic Profile Table 1 Table 1 Table 1 Table 1 Table 1 Table 1 - Table 1 -
Color and aspect - Clear - - - - Clear - Clear
Density (kg/m?) 877.8° 87455 870.0a 8715  870.1° 875>  827-003% 861 - 8725 ;Zg;
Viscosity at 40 3.07 215 4.2 4.86 381 26 34-39 2856 8 max

C (mm?/s)
Heating value - 34.93-37.41 : 38107  36.750 38.1 . 378405 428
(MJ/kg) min

Flash point 116 50 - 48 48 - - - 38, min
Cloud point (°C) -3 -7 - - - - 1to-12 —4to —26 -47
Pour point (°C) - -23 -8,5 - - -10 —-9to—-13 —6to—27 -47

Oxidative

stability (h) >6 >8 - - - - - - -

aSpecific mass at 20°C; ° Specific mass at 15 °C. Source: Authors.

Although babassu biodiesel has similarities in physical and chemical properties to Jet - Al, the most discrepant factors
are related to the freezing properties as could point, pour point and cold filter plugging point.

These characteristics are linked to the crystallization of molecules present in biodiesel. And the crystallization depends on
the molecular packaging, and the interaction between the molecules, therefore, factors such as molecular weight, ramifications,
and the presence of polar groups in carbon chains, have effects on these properties (Knothe & Dunn, 2009; Rodrigues et al.,
2006).

Santos, Souza, and Silva (2008) points out that babassu biodiesel has a freezing point of -3°C, in the study by (Silva et al.,
2011) babassu biodiesel through transesterification by ethyl route obtained the freezing point around -8°C. Thus, despite
having viability in tropical conditions, its freezing properties make its use as aviation fuel unfeasible, so it is necessary to bring
innovative ways to improve this condition.

It is possible to analyze that when a more detailed treatment is carried out, such as in the researches by Llamas et al.
(2012a), and Ranucci et al. (2018), a better quality biofuel is obtained. However, the biofuels produced in the studies do not
have the physical-chemical specifications identical to the Jet-Al.
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(V. F. de Oliveira et al., 2020) obtained promising results in the freezing properties by using C1-C8 alcohols to obtained
fatty acid alkyl esters from babassu oil. Consideration the physical and chemical aspects of the biofuel obtained by Oliveira’s
study has great potential as biojet fuel or as blend in Jet-Al.

Thus, to make feasible this fuel, methods of improving the heating value and decreasing the density and freezing point
must be sought. An alternative for it would be the use of additives that upgrade these characteristics (Ali et al., 2013; Imtenan
et al., 2015; Monirul et al., 2017).

6. Final Considerations

Babassu biofuels has potential to use as aviation biofuels, mainly by performing previous treatments to their production.
These conditions may increase the price of the final fuel, but they are more socially and ecologically viable options.

The babassu biofuels is an important alternative to aviation biofuel sector specially in Brazilian market, once it physical-
chemical had similarities to the Jet-Al. However, researches with this biofuel and with blends between this biofuel and
aviation fuel is still necessary to make its use feasible.

Considering the focus on technical development of aviation biofuels, studies are suggested to improve the
physicochemical conditions of babassu biofuels, mainly the freezing properties, and study with tests of babassu biofuels in
aeromotors.
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