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Deoxygenation of fatty acid ethyl esters (FAEE), obtained by transesterification of vegetable oils with ethanol, 

is a viable route to produce hydrocarbons such as aromatics, light gases and alkenes in the range of renewable 

diesel and jet fuel. To find the thermodynamic limits of FAEE deoxygenation, a simulation was conducted in the 

software Aspen Plus V14, using Peng Robinson as thermodynamic model, and the Gibbs reactor to identify 

preferable products. Soybean oil was chosen as FAEE feedstock. The first condition tested was T = 300 °C, P = 

1 bar and FAEE feed = 100 kg/h. Sensitivity analyses were conducted to evaluate the impact of reaction 

temperature and pressure in the product composition, and aromatics benzene and toluene, as well as CH4, CO 

and CO2 were the products obtained in thermodynamic equilibrium. Conversely, it is possible to interrupt the 

reaction before reaching the equilibrium, which could lead to the formation of alkenes, for further addition of 

aromatics if jet-fuel is a target. Therefore, to simulate this condition, the aromatic compounds were excluded 

from the components list, so that higher hydrocarbons could be prioritized. The results confirmed that linear and 

branched C15-C18 alkenes were preferentially formed, accompanied by CO and CH4. Therefore, the kinetic 

aspect of FAEE deoxygenation is very important to determine the reaction outcome, because hydrocarbons in 

the range of renewable diesel will be transformed to aromatics when the equilibrium is reached. This means 

that is possible to play with operating conditions to achieve either diesel or jet-fuel. 

1. Introduction 

Global energy consumption is expected to rise 50% from 2018 to 2050. The current energy matrix strongly relies 

on fossil resources such as oil, natural gas and coal, which compose approximately 80% of the total (Supriyanto 

et al., 2021). The scenario is even more drastic for the transportation sector, which uses petroleum to make up 

95% of its fuels (Díaz Perez and Serrano-Ruiz, 2020). The emission of greenhouse gases is estimated to reach 

43 billion metric tons of CO2 equivalent in 2040 (Lucantonio et al., 2023), and the aviation sector corresponds 

to 12% of CO2 emissions from the transportation sector (Mussatto et al., 2022). Thus, to meet the United Nations 

Sustainable Development Goals, it is essential to decarbonize heavy transportation sectors such as aviation, in 

an economically feasible way (Ormond et al., 2024). It is expected to neutralize carbon emissions by 2030 and 

reduce them by 50% until 2050 (Mussatto et al., 2022). In a scenario of increasing oil prices, government 

subsidies, concerns with CO2 emissions and energy security, biofuels are gaining attention (Jayakumar et al., 

2023). Approximately 180 billion tons of lignocellulosic biomass are produced worldwide yearly, but only 8 billion 

tons currently have a destined use (Lucantonio et al., 2023), which demonstrates that this is still an underused 

resource. Renewable biofuels resemble the characteristics of fossil fuels and can be viable substitutes in 

applications such as transportation, heating and power generation. They are a stable, flexible and reliable 

source of energy, compared to batteries, wind and solar power (Ram and Salkuti, 2023). Due to facilities in 

storage and transport, as well as a high energy density, liquid biofuels usually perform better than solid and 

gaseous biofuels (Jayakumar et al., 2023). Consequently, new energy alternatives focus on liquid biofuels from 

biomass, such as renewable diesel and sustainable aviation fuels (SAF). Besides, biofuels may use the existing 

distribution infrastructure, making the transition easier. Renewable diesel, also known as green diesel, has a 

different constitution of biodiesel, as it is very similar to conventional diesel except for a narrower range of boiling 
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temperature (Ormond et al., 2024). Compared to the biodiesel produced through methanol, renewable diesel 

can be stocked for longer periods, due to a mixture of linear chains and saturated ramifications from C15 to C18, 

and absence of oxygen. Furthermore, renewable diesel operates well in cold weather, because it is easier to 

ignite in comparison to biodiesel, due to its higher cetane number. It is possible to use or mix renewable diesel 

and conventional diesel with no need for modifications in the molecule (Chia et al., 2022). Today, there are four 

major paths to produce renewable diesel: deoxygenation, gasification followed by Fischer Tropsch reaction, 

pyrolysis and hydrothermal liquefaction (Koul et al., 2019). Deoxygenation of FAEE can occur under H2 flow (via 

hydrodeoxygenation) or in an H2-free environment (via decarboxylation/decarbonylation).  

The cost of the process is mainly influenced by the high cost of H2, as well as the energy-intensive nature of its 

production. Furthermore, the highly flammable nature of H2 gas requires special precautions and additional 

infrastructure for safe handling, so processes such as FAEE decarboxylation and decarbonylation are becoming 

more attractive. Jet fuel is composed of hydrocarbons in the C8-C16 range, including linear paraffins, cyclic 

paraffins, olefins and aromatic compounds (Gutiérrez-Antonio et al., 2017). SAF has similar properties to jet fuel 

and could be blended with it, facilitating integration in existing processes. Also, there are drop in aviation fuels 

which can be used directly to replace conventional fuels (Jet A or Jet A-1), without modifications in engines or 

infrastructure (Okolie et al., 2023).  

There are several advantages related to their use, as the International Air Transport Association (IATA) 

considers SAF as the most promising strategy to mitigate environmental damage in the aviation sector 

(Gutiérrez-Antonio et al., 2017). It is possible to reduce the emission of greenhouse gases and fossil depletion, 

while providing socioeconomical benefits such as job creation and gross domestic product generation (Mussatto 

et al., 2022). However, there are also challenges to overcome. In spite of the number of flights with SAF, no 

production pathway has yet achieved the highest level of technological readiness (Cabrera and Souza, 2022). 

Nowadays, there are four major routes to produce SAF: oil to jet fuel, alcohol to jet fuel, gas to jet fuel, and sugar 

to jet fuel. The hydroprocessing of triglycerides and thermochemical conversion of biomass via gasification and 

Fischer-Tropsch are the only routes currently certified by the American Society for Testing and Materials (ASTM) 

for commercial implementation (Okolie et al., 2023).  

The conversion of esters in the presence of high-acidity catalysts, such as zeolites, yields aromatics benzene, 

toluene and xylenes. Aromatic compounds are important additives in SAF, as they provide high octane rating, 

high calorific value, and higher density compared to alkanes (Habibi and Dabbagh, 2018). Therefore, this work 

studied the conversion of FAEE to hydrocarbons in the range of renewable diesel, and to aromatics, essential 

compounds of SAF. 

2. Methodology 

The simulation of FAEE deoxygenation was conducted using the Aspen Plus V14 software, with the aim of 

identifying its thermodynamic limitations. The thermodynamic method applied was Peng Robinson, indicated for 

liquid-vapor calculations in systems containing hydrocarbons. To simulate the reactor, information such as the 

quantity and composition of the substrate were provided in the feed line. Considering FAEE would be obtained 

from soybean oil, the esters composing the feed were ethyl palmitate (11 wt%), ethyl stearate (4 wt%), ethyl 

oleate (25 wt%), ethyl linoleate (53 wt%) and ethyl linolenate (7 wt%) (Passos et al., 2024). The component list 

was intentionally simplified to include representative species relevant to target products (light gases, selected 

aromatics, and C15–C18 alkenes). In real systems, FAEE deoxygenation produces a complex mixture including 

paraffins, iso-paraffins, cycloalkanes, and oxygenated intermediates. Therefore, the present approach focuses 

on capturing general thermodynamic trends rather than exact product distributions. 

The first condition tested was T = 300 °C, P = 1 bar and FAEE feed = 100 kg/h. Sensitivity analyses (S) were 

then conducted to evaluate the impact of reaction temperature and pressure in the product composition. S1 was 

run at 1 bar, in the temperature range 0-1000 °C. S2 was run at 50 bar, in the temperature range 0-1000 °C. S3 

was run at 300 °C, in the pressure range 0-100 bar. S4 was run at 800 °C, in the pressure range 0-100 bar. To 

explore alternative reaction pathways under constrained conditions, aromatic compounds were then excluded 

from the component list. This does not represent a physically realistic reactor condition, but rather a hypothetical 

boundary scenario to approximate kinetically limited systems where aromatization is suppressed. The condition 

tested was the same as before (T = 300 °C, P = 1 bar, FAEE feed = 100 kg/h). 

3. Results 

The simulation results will be presented in sections. The results from the initial condition will be presented, from 

which several sensitivity analyses were conducted, and their results will be displayed. After that, the simulation 

input was changed to provide a different reaction condition (further from the thermodynamic equilibrium), and 

the obtained result will then be presented. 
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3.1 Initial condition: 300 °C, 1 bar 

An initial simulation was performed under the following conditions: temperature of 300 °C, pressure of 1 bar, 

feed flow rate of 100 kg/h. The result shows the priority production of benzene and methane. In order to confirm 

the tendency for aromatic formation under different conditions, sensitivity analyses were performed. 

3.2 Sensitivity analysis: temperature, 1 bar 

Sensitivity analysis S1 was performed at a pressure of 1 bar, varying the temperature (0-1000 °C) and studying 

the influence on the reactor outlet composition. The results show that from 200 °C onwards, the five compounds 

analysed represent >98% of the stream. With increasing temperature, the favoured formation shifts from toluene 

to benzene and from CO2 to CO. Methane formation decreases from 600 °C onwards (Figure 1). 

3.3 Sensitivity analysis: temperature, 50 bar 

Sensitivity analysis S2 was performed at a pressure of 50 bar, varying the temperature (0-1000 °C). The results 

show that from 300 °C onwards, the five compounds analysed represent >90% of the stream. With increasing 

temperature, the favoured formation changes from toluene to benzene and from CO2 to CO, but the transitions 

occur at higher temperatures compared to the low-pressure scenario. Methane formation decreases smoothly 

from 600 °C. (Figure 2). 

3.4 Sensitivity analysis: pressure, 300 °C 

Sensitivity analysis S3 was performed at a temperature of 300 °C, varying the pressure (0-100 bar) and studying 

the influence on the reactor outlet composition. The result shows that up to 50 bar, the five compounds analysed 

represent >90% of the stream. By increasing reactor pressure, the favoured formation changes from benzene 

to toluene, but the presence of the other compounds remains almost unchanged (Figure 3). 

3.5 Sensitivity analysis: pressure, 800 °C 

Sensitivity analysis S4 was performed at a temperature of 800 °C, varying the pressure (0-100 bar). The results 

show that, throughout the entire range considered, the five compounds analysed represent >98% of the stream. 

By increasing reactor pressure, the favoured formation changes from benzene to toluene, with less pronounced 

impact compared to the low-temperature scenario, while the composition of other compounds remains almost 

unchanged (Figure 4). 

The results all converge to the same conclusion: when the reactor residence time is high enough to reach the 

thermodynamic equilibrium, aromatics will preferentially be formed. This is desirable for SAF, because aromatic 

compounds are important additives to enhance physicochemical properties. However, using FAEE as feedstock, 

it is possible to produce higher hydrocarbons by interrupting the reaction before reaching the equilibrium. 

 

Figure 1: Results for the sensitivity analysis S1 (temperature 0-1000 °C, 1 bar). 
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Figure 2: Results for the sensitivity analysis S2 (temperature 0-1000 °C, 50 bar). 

 

Figure 3: Results for the sensitivity analysis S3 (pressure 0-100 bar, 300 °C). 

 

Figure 4: Results for the sensitivity analysis S4 (pressure 0-100 bar, 800 °C). 

3.6 Production of hydrocarbons: 300 °C, 1 bar 

Figure 5 summarizes the reactions happening in ester hydroprocessing, which could result in renewable diesel 

or SAF components. In an H2-free environment, the deoxygenation step can happen though decarboxylation or 

decarbonylation. Heavy hydrocarbons are formed, which may undergo cracking and isomerization to produce 

lighter olefins and paraffins. If cyclization and H-transfer take place, aromatics will be obtained, with possibility 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0

7
0

1
4
0

2
1
0

2
8
0

3
5
0

4
2
0

4
9
0

5
6
0

6
3
0

7
0
0

7
7
0

8
4
0

9
1
0

9
8
0

M
as

s 
fr

ac
ti

o
n

 in
 t

h
e

 o
u

tl
e

t 
st

re
am

Temperature (°C)

benzene

toluene

CO2

CO

methane

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0 7

1
4

2
1

2
8

3
5

4
2

4
9

5
6

6
3

7
0

7
7

8
4

9
1

9
8M

as
s 

fr
ac

ti
o

n
 in

 t
h

e
 o

u
tl

e
t 

st
re

am

Pressure (bar)

benzene

toluene

CO2

CO

methane

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0 7

1
4

2
1

2
8

3
5

4
2

4
9

5
6

6
3

7
0

7
7

8
4

9
1

9
8

M
as

s 
fr

ac
ti

o
n

 in
 t

h
e

 o
u

tl
e

t 
st

re
am

Pressure (bar)

benzene

toluene

CO2

CO

methane

190



of coke production as well. Therefore, it is important to choose the reaction conditions adequately to shift the 

reaction towards hydrocarbons or aromatics. 

 

Figure 5: Reaction in ester hydroprocessing (adapted from Naji et al., 2021). 

To simulate a lower residence time, therefore interrupting the reactions before reaching aromatics formation, a 

new simulation was performed in the same initial conditions (300 °C, 1 bar, feed flow rate of 100 kg/h). However, 

as for possible reaction products, aromatics were excluded, while linear and branched alkenes (methyl and ethyl 

groups) in the renewable diesel range (C15-C18) were included. The results confirmed the formation of CO, CH4, 

and linear/branched alkenes, as shown in Table 1. 

Table 1: Simulation results for FAEE deoxygenation in the absence of H2, at 300 °C and 1 bar. Aromatics 

were excluded from possible products, leading to the formation of C15-C18 hydrocarbons. 

Formula  Name Mass fraction Formula  Name Mass fraction 

CO carbon oxide 0.18 C18H36 1-octadecene 0.00 

CH4 methane 0.02 C18H36 (E)-9-octadecene 0.01 

C15H30 1-pentadecane 0.03 C18H36 (Z)-2-octadecene 0.01 

C15H30 2-pentadecane 0.03 C18H36 2-methyl-2-heptadecene 0.08 

C15H30 8-pentadecane 0.03 C18H36 3-octadecene,-(E)- 0.03 

C15H30 trans-2-pentadecene 0.06 C18H36 9-octadecene,-(Z)- 0.01 

C15H30 1-tetradecene,-2-methyl- 0.12 C18H36 cis-4-octadecene 0.01 

C15H30 3-methyl-1-tetradecene 0.02 C18H36 cis-5-octadecene 0.01 

C16H32 1-hexadecene 0.02 C18H36 cis-6-octadecene 0.01 

C16H32 2-hexadecene 0.02 C18H36 cis-7-octadecene 0.01 

C16H32 8-hexadecene 0.02 C18H36 cis-8-octadecene 0.01 

C16H32 2-methylpentadec-1-ene 0.09 C18H36 trans-2-octadecene 0.02 

C16H32 3-ethyl-2-tetradecene 0.04 C18H36 trans-4-octadecene 0.03 

C17H34 1-heptadece 0.01 C18H36 trans-6-octadecene 0.03 

   C18H36 trans-7-octadecene 0.03 

In summary, the conditions evaluated range from 0-1000 °C and 0-100 bar, but the main focus was the operation 

at 300 °C and 1 bar, feasible yet mild conditions in comparison to what has been reported for hydroprocessing. 

It is believed that this condition prevents the formation of solid by-products and provides catalytic stability, which 

is an important factor for the viability of a continuous operation. Conclusively, although the Gibbs reactor 

provides valuable insight into thermodynamic limits, it does not account for reaction pathways or catalytic effects. 

Experiments report significant formation of paraffins and cycloalkanes depending on catalyst properties and 

operating conditions. Therefore, the present results should be interpreted as upper-bound thermodynamic 

tendencies. The use of a catalyst will determine the reaction dynamics, since properties such as acidity, surface 

area and porosity lead to breaking of specific bonds, electron displacement and overall reaction mechanisms. 

Future work will incorporate kinetic models and plug flow reactor simulations to better approximate real reactor 

behaviour. 
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4. Conclusions 

Simulations were carried out to evaluate the thermodynamic limit of the conversion of FAEE to renewable diesel 

and SAF. Using the Gibbs reactor in Aspen Plus, initial results indicated a strong tendency towards the formation 

of aromatics (mainly benzene) and CH4, at 300 °C and 1 bar, with gradual changes in composition as pressure 

and temperature increased. However, when considering viable reaction routes in the absence of hydrogen, it is 

possible to favour the formation of C15-C18 hydrocarbons by restricting the reaction time and operating far from 

the equilibrium. The results highlight the importance of kinetic control in determining product selectivity, since 

thermodynamic equilibrium strongly favours aromatic formation. Thus, catalyst design and reactor configuration 

play a critical role in steering the process toward renewable diesel or SAF. This product duality was thoroughly 

explored in this work and the results can be used as a conceptual screening tool for biorefinery projects. 

Nomenclature

FAEE – fatty acid ethyl esters SAF – sustainable aviation fuels 

S – sensitivity analysis 

Acknowledgments 

This study was financed in part by “Coordenação de Aperfeiçoamento de Pessoal de Nível Superior - Brasil” 

(CAPES) - Finance Code 001. The authors thank “Centro de Estudos de Energia e Petróleo” (CEPETRO) and 

“Fundação de Desenvolvimento da Unicamp” (FUNCAMP) for the scholarship granted to Mayra. This work was 

conducted in the scope of the project EthanOil+, in partnership with Shell (process number 5968.5.1). 

References 

Cabrera E., Melo De Sousa J.M., 2022, Use of Sustainable Fuels in Aviation - A Review, Energies, 15 (7), 2440. 

Chia S.R., Nomanbhay S., Ong, M.Y., Shamsuddin A.H. Bin, Chew K.W., Show P.L., 2022, Renewable Diesel 

as Fossil Fuel Substitution in Malaysia: A Review, Fuel, 314, 123137. 

Díaz-Pérez M.A., Serrano-Ruiz J.C., 2020, Catalytic Production of Jet Fuels from Biomass, Molecules, 25 (4), 

802.  

Gutiérrez-Antonio C., Gómez-Castro F.I., De Lira-Flores J.A., Hernández S.A, 2017, Review on the Production 

Processes of Renewable Jet Fuel, Renewable and Sustainable Energy Reviews, 79, 709–729. 

Habibi N., Dabbagh H.A., 2019, Mechanism Study of the Conversion of Esters to High-Octane-Number 

Aromatics over HZSM-5, Applied Organometallic Chemistry, 33 (3), E4673. 

Jayakumar M., Bizuneh Gebeyehu K., Deso Abo L., Wondimu Tadesse A., Vivekanandan B., Prabhu 

Sundramurthy V., Bacha W., Ashokkumar V., Baskar G.A, 2023, Comprehensive Outlook on Topical 

Processing Methods for Biofuel Production and its Thermal Applications: Current Advances, Sustainability 

and Challenges, Fuel, 349, 128690.  

Koul R., Kumar N., Singh R.C., 2021, A Review on the Production and Physicochemical Properties of 

Renewable Diesel and its Comparison with Biodiesel, Energy Sources, Part A: Recovery, Utilization and 

Environmental Effects, 43 (18), 2235–2255. 

Lucantonio S., Di Giuliano A., Rossi L., Gallucci K., 2023, Green Diesel Production Via Deoxygenation Process: 

A Review, Energies, 16 (2), 844.  

Mussatto S.I., Motta I.L., Filho R.M., Van Der Wielen L., Capaz R., Seabra J., Osseweijer P., Posada J., De 

Freitas Gonçalves M., Scorza P.R., Dragone G., 2022, Sustainable Aviation Fuels: Production, Use and 

Impact on Decarbonization, Chapter In: Letcher T.M. (Ed.), Comprehensive Renewable Energy, Second 

Edition: Volume 1-9, Elsevier, Amsterdam, Netherlands, 348–371.  

Naji S.Z., Tye C.T., Abd A.A., 2021, State of the Art of Vegetable Oil Transformation into Biofuels Using Catalytic 

Cracking Technology: Recent Trends and Future Perspectives, Process Biochemistry, 109, 148–168.  

Okolie J.A., Awotoye D., Tabat M.E., Okoye P.U., Epelle E.I., Ogbaga C.C., Lec F.G., Oboirien B., 2023, Multi-

Criteria Decision Analysis for the Evaluation and Screening of Sustainable Aviation Fuel Production 

Pathways, iScience, 26, 106944. 

Ormond N., Kamel D., Lima S., Saha B., 2024, Production of Sustainable Liquid Fuels, Energies, 17 (14), 3506. 

Passos, R.M. Dos, Ferreira R.S.B., Morgano M.A., de Souza P.T., Meirelles A.J.A., Batista E.A.C., Maximo 

G.J., Ferreira M.C., Sampaio K.A., 2024, Ethyl Biodiesel Production from Crude Soybean Oil Using 

Enzymatic Degumming-Transesterification Associated Process, Industrial Crops and Products, 222, 

119930. 

Ram V., Salkuti S.R., 2023, An Overview of Major Synthetic Fuels, Energies, 16 (6), 2834. 

Supriyanto E., Sentanuhady J., Dwiputra A., Permana A., Muflikhun M.A., 2021, The Recent Progress of Natural 

Sources and Manufacturing Process of Biodiesel: A Review, Sustainability (Switzerland), 13 (10), 5599. 

192


	34martinellicosta.pdf
	From Fatty Acid Ethyl Esters to Renewable Diesel and Jet-Fuel: Simulation at Equilibrium




