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Abstract — Biofuels are fuels of biological origin, and
they are among the prominent energy sources from
renewable energy sources in recent years. Unlike fuels
such as petroleum derivatives, coal, natural gas,
biofuels are renewable and sustainable energy sources.
Biofuels can be obtained by thermochemical or
biochemical methods from agricultural and forestry
products, animal and vegetable residues and wastes,
organic origin domestic, industrial and urban wastes.
Global warming caused by greenhouse gas effect is
today shown as the most important common
environmental problem in the world. The most
important  advantage of using biofuels in
environmental terms is that there will be a reduction of
greenhouse gas impact and acid rain.

In this study, it is aimed to produce and characterize
jet fuel by converting from pumpkin (Cucurbita pepo)
seed oil, which is a sustainable bio energy source, into
biofuel, by transesterification method. It has an
important place in matters such as environment,
sustainability, and reduction of carbon emissions.
Biojet fuel produced using pumpkin seed oil, which is a
sustainable resource, is a candidate product for
development and commercialization.
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1. Introduction

Energy plays an important role in the development
of all countries and in our daily life [1]. Energy is the
most important factor that provides progress in the
development of countries and supports the increase
of living standards economically and socially. In
addition to the increase in the world population,
changes and developments in the industry cause the
need for energy [1], [2].

The world consumption of primary energy sources
increased by 2.5% in 2012 compared to the previous
year. This increase has become more evident in
recent years. Today, the share of fossil fuels in
energy consumption continues [2], [3]. According to
the information obtained in 2016; petroleum is the
highest amount with 33.3% of energy consumption
worldwide.  Worldwide, 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 are renewable energy sources. [4]

Approximately 95% of transportation energy is
obtained from petroleum-derived fuels. In addition,
almost 60% of the crude oil produced is used in the
production of transportation fuels [5], [6], [7], [8].
Worldwide, the demand for fuels for transport is
increasing. 1% annual growth is expected in this
increase [9]. The increase in the population and the
increase in the demand for transportation are also
effective. Biofuels can be preferred to traditional
fuels produced from crude oil, considering factors
such as greenhouse gas emissions, environmental
impact, energy security, and prevention of air
pollution. Of course, although this transition is not
easy, it has some difficulties. Based on the coming
years, it is thought that it will remain below 10%
until 2040 [5], [7].

The need for jet fuels has been increasing over the
years. The need, which is 320 million tons per year
today, is projected to be 430 million tons by 2040.
[10]. Jet fuel has made up approximately 20% of the
production of the US oil refinery for the past two
decades [11]. Jet fuels are such a huge sector in the
consumption of fossil fuels that they have a market
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value of 207 billion dollars in 2012 alone (33% of
operating costs are calculated as $ 110.0 / barrel of
Brent oil) [12]. Jet fuels continue to rise steadily. As
an example, the United States can be given with 1670
thousand barrels of jet fuel consumption in a day
[13].

Sustainable aviation fuels are a good solution for
decarbonization, although they pose difficulties in
supply and demand. In fact, sustainable aviation fuels
produce the same amount of CO2 emissions as
conventional jet fuels. The reason for the
improvement is that the manufacturing process
absorbs CO2 and leads to a 70 to 100 percent
reduction in CO2 emissions on a life-cycle basis, in
other words it is less carbon intensive. The use of
advanced biofuels has the potential to produce
solutions in a short time. Some airlines use these
fuels in their daily operations. The fuels used are
fuels whose feasibility has been proven by technical
analysis obtained from vegetable or waste oils.

Today, although biofuels play an important role in
sustainable development, they are also in demand
alternative fuels. Economically, it is now the basis of
the transition to a bio-based economy. With the
development of the aviation industry worldwide,
interest in biofuels has also increased. Large
international  organizations  International  Air
Transport Association (IATA) and the International
Civil  Aviation Organization (ICAO) have
approached this issue sensitively and have committed
to reducing emissions and stopping the growth of
carbon emissions [14], [15]. Studies in the literature
have examined the greenhouse gas emissions (GHG)
of aviation biofuels produced by different techniques
[16], [17]. This issue is very important in terms of the
sustainability of our living space and energy.

With all these investigations, concerns about
decreasing fossil fuel reserves and increasing carbon
dioxide levels in the atmosphere have increased. This
has fueled the advances in alternative jet fuel
research [18]. In the short term, promising
approaches may not work. Sugar and [19] other
synthesis pathways [20], [21] bio Fischer Tropsch
synthesis-synthesis gas, catalytic conversion to
produce bio-jet fuels from various biomass raw
materials Animal and vegetable oils have been
developed including hydrotreating. Among the fuels
that may be alternative to petroleum-derived fuels
used in the aviation industry, vegetable oil-based
fuels such as camelina, jatropha and algae oil come
to the fore.

In this study, it is aimed to produce and
characterize jet fuel by converting from pumpkin
(Cucurbita pepo) seed oil, which is a sustainable bio
energy source, into biofuel, by transesterification
method.
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2. Materials and Methods

In our study, one-step basic reaction method,
which is generally preferred for refined and crude
vegetable oils, was used for transesterification. 100
ml of methanol and 5 g of NaOH were used for 500
ml of pumpkin seed oil. 100 ml of methanol and 5 g
of NaOH were mixed in a magnetic stirrer heater at
40 ° C for 30 minutes. The sodium methoxide
(CH30ONa) obtained as a result of this process was
kept in the oven at 50 ° C in order to maintain the
temperature.

Then, pumpkin seed oil was heated up to 60 ° C
using a magnetic heater and added to CH30ON. The
mixture was stirred at approximately 55-60 ° C for 2
hours. The mixture was allowed to stand at room
temperature for 80 hours to complete the
transesterification process. At the end of this process,
a two-phase mixture consisting of biodiesel-glycerin
was obtained [22].

The supernatant containing fatty acid was carefully
taken with a pipette and transferred to a clean tube.
The fatty acid-glycerin border part was centrifuged at
600 rpm for 5 minutes and the fatty acid part was
recovered.

In order to remove soap, glycerine and mono-di-tri
glycerides that may be present in biodiesel, washing
process was carried out using pure water. Washing
process was carried out 5 times by spraying on
biodiesel at the ratio of pure water (1: 1) heated up to
100 ° C. After the last wash, it was waited for
approximately 10 hours and the washing water was
separated from the biodiesel and settled to the
bottom. The biodiesel in the upper phase was
carefully removed and dried in the oven at 110-120 °
C to completely remove the remaining pure water
and alcohol. Jet fuel was obtained by adding
kerosene and octane increasing chemicals at a rate of
25 percent to the dried fuel. Optimized structure,
geometric properties and energies of fuel additives
have been studied previously. Additives have been
selected based on scientific data [23]. The fuel
obtained is 50 percent vegetable-based jet fuel. The
sample was sent to TUBITAK in order to determine
the properties of the biodiesel obtained.

3. Result and Discussion

Renewable aviation fuels are generally produced
with triglycerides, lignocelulosides and syntetis gas,
and biofuels can be obtained from plants, animal fats
and biomass. Biofuels reduce CO, emissions,
especially when produced from plant and organic
wastes. This is because plants use CO, as they grow,
and they also reduce their dependence on oil [24]. In
addition to these, bacteria, yeast and algae have the
capacity to produce fuel molecules, and they are used
in biofuel production. Product diversity can be
improved by changing existing methods or through
engineering applications and synthetic means [25].
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Table 1. Comparison of the bio jet sample results produced according to the standards

. Joint Check

Specification re';‘lflg:;iz‘(‘l‘lll’cl: 4 ASTIE?] 1655 List MIL-T-5624 | MIL-T-5624
Grade Jet A/A-1 Jet A-1 JP-5 Jp-4
Property
Aromatics, vol. % Max. 33,6 25 22 25.0 25.0
Sulfur, mass % Max. 0,0007 0.3 0.30 0.40 0.40
Distillation, °C (°F)
10% Rec Max 205 205 205 206
50% Rec 206 125 max
90% Rec 335,6
Final BP Max 300 300 300 270
Flash point, °C (°F) Min. 39 38 40 60
Density, kg/m’ 819,5 775 — 840 775 — 840 788-845
Freezing point, °C (°F) Max -45 -40 —47 —46 =58
Viscosity @-20 °C, cs Max 8,1 8 8.0 8.5
Specific energy, MJ/kg Min. 42,8 42.8 42.8 42.6 42.8

Although the selection of organisms takes a large
place in order to increase productivity in such
applications, genetic optimization is required. The
development of cellulosic bioethanol is one of the
best commercial successes.

Another production method of sustainable fuels is
HEFA technology. Hefa technology is obtained by
hydro-processing of vegetable oils and animal fats.
Approximately 1.2 tons of vegetable oil is required
for 1 ton of HEFA fuel.

One of the main advantages of this technology
pathway is to integrate this process into an oil refinery
(with an additional step) and avoid the need to
develop a special production facility. The HEFA
production route has been proven and already
certified for mix ratios of up to 50%, and existing
investments in the infrastructure show that the route
has the scope of being economically viable in the near
future [26].

It cannot be used as pure vegetable oil in aircraft
equipped with gas turbines. For this reason, it is
necessary to bring its combustion-related properties
closer to diesel. While the fuel regulation to be made
in this way aims to reduce the viscosity, it will
eliminate the problems related to atomization. Four
techniques can be used for this. These techniques can
be listed as heating, dilution / mixing, micro emulsion
and trans-esterification.

The jet fuel sample produced with pumpkin seed oil
was analyzed in the laboratory in accordance with the
standards. In the analysis results, it was concluded
that it is compatible with the features determined by
international authorities. The properties of the fuel
produced in our study and its comparison with the
standards are given in Table 1.
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In addition, motor octane number analysis was
made, and the value of 114 was found as a result of
the analysis. This value shows that it is very suitable
for use. The lost and residual amounts have been
determined, respectively, 05ml and 0.8ml. In all
evaluations, it has been concluded that the biojet fuel
produced complies with the standards and can be
developed and produced.

4. Conclusion

Air transport is a vital feature of our modern,
globalized world and connects people and businesses
across continents. The benefits of air travel are
obvious, but there are also aspects of it that have an
environmental impact. Traditionally, environmental
issues involving aviation have focused on noise and
air pollution affecting the environment surrounding
airports. Recently, the issue of global climate change,
which has come to the fore, has focused attention on
the CO2 emission volumes of aircraft. When
greenhouse gases produced from fuel burned in
flights are released into the atmosphere, they have a
negative impact on global climate change. Aviation is
likely to need around 450-500 million tons of
sustainable aviation fuels per year by 2050. This can
be achieved with strong sustainability criteria.

Jet fuels produced using renewable bio-based
resources are important for the aviation industry.
Most importantly, it reduces dependence on fossil
fuels. It is one of the important breakthroughs as it
will contribute to the targets of reducing emissions
against global problems.
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There is a wide variety of raw materials for bio-jet
fuel production. The main challenges to
commercialization of jet fuel are raw material
availability, economy and sustainability.

Given the large-scale use of bio-jet fuels,
significant greenhouse gas emission reduction
potential can be achieved in the future by using
existing biomass feedstock. For this reason, our work
has an important place in matters such as
environment, sustainability, and reduction of carbon
emissions. As a result, biojet fuel produced using
pumpkin seed oil, which is a sustainable resource, is a

candidate  product  for  development  and
commercialization.
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