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Abstract: The production of sustainable aviation fuel (SAF) has gained more attention in
recent years due to the initiative to implement new technologies to improve the decar-
bonization of the energy and transport industry, especially the aviation sector, in different
countries. In Mexico, the production of SAF has been promoted as a sustainable initiative to
boost the agro-industrial sector, the nation’s self-sufficiency, and compliance with national
and international CO, emission reduction goals. Nowadays, there are two technologies
with a high level of technological readiness ready to be implemented as a solution to
produce SAF, which are hydrotreating esters and fatty acids (HEFA) and Alcohol to Jet
(AT]J). These technologies use biomass as a source of feedstock and are described as pos-
sible sustainable solutions to reduce the CO, emissions from conventional aviation fuels.
This work analyses the feasibility of implementing these two technologies as a strategy
to promote the use of SAF in Mexico from the biomass available in the country based on
a techno-economic analysis and a life cycle assessment of each technology. Based on this
study on SAF production, a return on investment of 10.2% for HEFA-SPK technology and
13.7% for ATJ-SPK technology was obtained.

Keywords: sustainable aviation fuel; biomass; hydroprocessing of esters and fatty acids;
alcohol to jet; techno-economic analysis; life cycle assessment

1. Introduction

The decarbonization of the energy sector is a challenge that has arisen because of
the importance of sustainability aspects worldwide and the urgent need to have zero net
carbon emissions in 2050. An example is the aviation industry, which is considered a means
of long-distance transportation for people and has had an increase in recent years [1]. It is
estimated that there will have been a growth of 400-600% in total greenhouse gas by 2050
in comparison to 2010, and the global outlook for the aviation industry is that its carbon
dioxide (CO;) emissions account for 2 to 3% [2]. Due to this demand, the International Air
Transport Association (IATA) has proposed to work with companies capable of eliminating
inefficiencies in air traffic management by governments and air navigation providers as
well as implementing measures such as the Carbon Offsetting and Reduction Scheme for
International Aviation (CORSIA) [3].

Sustainable technological developments have been proposed, taking into considera-
tion benefits to climate change and the depletion of fossil fuel resources, such as the use
of biomass as feedstock for the production of aviation biofuels [4]. The use of fuels from
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biomass sources for air transportation is not an easy task compared to ground transporta-
tion, where ethanol or electricity can be used. Aviation requires the use of energy-dense,
non-oxygenated liquid hydrocarbon fuels, which limits the available feedstock and chal-

lenges the development of technologies capable of meeting American Society for Testing
and Materials (ASTM) standards to produce biokerosene fuels from biomass [5,6].

The ASTM has approved eight routes to produce synthetic paraffinic kerosene (SPK)

or sustainable aviation fuel (SAF), as shown in Figure 1, which includes the level of
technological readiness of these routes, with the TRL of 9 being the most technologically
mature. These routes are described below in order to determine the main activities carried

out, as well as the reactions and conditions to which the biomass must be subjected to
obtain SAF.

123456789
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Figure 1. Technological readiness level (TRL) of ASTM-approved SAF technologies [6].

Hydroprocessing of esters and fatty acids (HEFA-SPK) is considered the most con-
solidated route. This technology converts esters and fatty acids into hydrocarbons in
the presence of Hy through hydrodeoxygenation, isomerization, and hydrocracking
reactions. Different types of biomasses have been proposed in this technology; among
the main ones are palm oil, jatropha, and cooking oil. Their use results in improve-
ments in environmental aspects compared to fossil fuels but also in a compromise in
the transformation of biomass into fuel in economic terms [7-9].

Alcohol-to-Jet (ATJ-SPK) technology extracts polymeric sugars from biomass feed-
stocks and then involves their saccharification to obtain glucose and fermentation
to obtain an alcohol platform molecule that is then dehydrated, oligomerized, and
hydrogenated to produce large paraffin and iso-paraffins. Ethanol and isobutanol are
some of the raw materials studied for this technology [10-13].

Fischer-Tropsch (FT-SPK) involves the transformation of synthesis gas (syngas) into
liquid hydrocarbons as the main technology, for which the biomass must be trans-
formed into syngas through high-temperature gasification and then reformed to adjust
the H and CO ratio for final synthetic fuel production [14].

Isoparaffins from hydroprocessed fermented sugars (SIPs) involve the fermentation
of sugar into farnesane by enzymatic hydrolysis and fermentation. The biofuel is
obtained through a hydroprocessing step following a solid-liquid separation system
of the farnesene [15].

Fischer-Tropsch plus aromatics (FI-SPK/A) is closely related to FT-SPK, with some
differences, such as the presence of aromatics in the latter technology. This is due to a
benzene-rich light naphtha cut that is oligomerized and hydrotreated to obtain the
SAF [16,17].
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e  Catalyticjet hydrothermolysis (CHJ-SPK), also called hydrothermal liquefaction (HTL),
has the characteristic of transforming biomass into crude bio-oil, which is further
refined into paraffins and iso-paraffins [18].

e Paraffinic kerosene produced from bio-derived hydroprocessed hydrocarbons
(HC-HEFA-SPK) produces SAF through the catalytic pyrolysis of oil fats from bi-
ological feedstock such as algae [19].

As shown in Figure 1, HEFA-SPK and ATJ-SPK have a level of 8-9, which means
that they have been completed and are ready for full commercial deployment. Based on
this information, HEFA-SPK and ATJ-SKA are selected as possible technologies for SAF
production in Mexico. The International Civil Aviation Organization (ICAO) has promoted
the initiative of SAF production in Mexico to promote the decarbonization of the energy
sector by seeking independence from fossil fuels, as well as to lower fuel consumption due
to the higher energy content and the 80% reduction in greenhouse gas emissions obtained
by producing this type of sustainable second-generation fuels [20].

One of the limitations of the implementation of any technology is the type and quantity
of available biomass. This indicates that the development of sustainable fuels brings with it
not only a technological challenge but is also related to the availability of raw materials to
meet the need of a country or region [21]. In the case of HEFA-SPK technology, vegetable
oils, animal fats, or waste cooking oil can be considered. Regarding ATJ-SPK technology,
sugar-rich crops or lignocellulosic biomass can be used [2,22]. According to Aeropuertos y
Servicios Auxiliares (ASA) in Mexico, there is a committed demand of 170 million liters
(1.1 million B/y) of SAF per year in 2024. ASTM standards D1655 and D7566 establish that
the use of SAF from HEFA-SPK and ATJ-SPK technologies must be blended with the use of
up to 50% fossil sources to ensure engine compatibility [6,23].

Historically, SAFs were first used in Mexico in 2011 by Interjet on a domestic flight
from Mexico City to Tuxtla Gutierrez, Chiapas, which used a SAF made from Jatropha curcas
oil. In that year, there was a good international flight operated by Aeromexico from Mexico
to Spain. Between the end of 2011 and the beginning of 2012, 29 flights were made with
SAF from camelina. In June 2012, another international flight was made from Mexico to
Sao Paulo, Brazil, using SAF from cooking oil, jatropha, and camelina [20].

Recently, the Government of Mexico has initiated strategies to produce SAFs and have
flights with less environmental impact and meet the goals of zero net emissions by the year
2050. By 2030, it is estimated that Mexico will require 340 million liters of SAF [20]. Based
on electronic bulletins, there is currently a storage capacity of 100,000 L of this biofuel [24].
HEFA-SPK and AT]J-SPK technologies are considered the main actors in the SAF production
value chain, as shown in Figure 2. Based on this idea, both technologies, HEFA-SPK and
AT]-SPK, are analyzed based on the biomass capacity available in the country and its
transformation into SAF. To analyze the feasibility of the production of these biofuels,
scenarios for both technologies are presented below, considering the biomass available in
Mexico and the capacity required in the country [25].

The objective of this work is to evaluate the feasibility of implementing a plant
for SAF production from biomass available in Mexico and compare the HEFA-SPK and
ATJ-SPK technologies using economic and environmental impact indicators. Based on this,
we seek to analyze the possibility of biofuel production having an impact in Mexico in
terms of economic benefits, such as the profitability of the process, and of its mitigating
environmental impacts, contributing to the decarbonization of the aviation sector.
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Figure 2. SAF production value chain.

2. Methodology

The methodology for carrying out this study consists of three stages, as shown in
Figure 3. The first stage focuses on the literature review to collect the type of technology
available and define the case study to be analyzed. The second stage focuses on collecting
information to carry out the simulation of the scenario to be worked on and perform the
techno-economic and environmental impact analysis. Finally, the third stage consists of
comparing the scenarios to have a perspective of which scenario gives the best results
based on the indicators analyzed.

Selection of tech n0|0gy e Literature review and data collection
= Definition of the technology to be analyzed
« Selection of available biomass for a specific

scenario
Selection of biomass

Simulation of case study

« Data collection on a flowchart

« Rigorous simulation of the flowchart

« Techno-economic analysis of the process

- Life cycle analysis to measure environmental
impact

Techno-economic analysis

Environmental analysis

* Final comparison of the analyzed scenarios

Figure 3. Methodological overview of this study.

2.1. Step 1. Selection of Technology and Biomass

In this step, a literature review was conducted to understand and collect the data
needed to conduct this study. For this study, we chose to work with two technologies,
HEFA-SPK and ATJ-SPK, both of which have a TRL of 9, which means that their maturity
level has already been implemented at commercial scales.

2.2. Step 2. Rigorous Simulation and Techno-Economic-Environmental Analysis

We defined a plant capacity of 360 kg/h (6.8 B/d) of SAF for both HEFA-SPK and
ATJ-SPK. Then, the information needed to carry out the simulation was collected; this
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included the equipment that is part of the process, the operating variables of each unit, and
the design variables.

The case studies generated were evaluated by means of a techno-economic analysis
to determine the return on investment (ROI) calculated using Equation (1). Fixed and
operating costs were determined based on equipment investment costs obtained from the
Aspen Plus V14 simulator. The analysis was carried out using a discount rate of 10% and a
life project of 10 years.

annual net profit

00 - 00 1
ROI(%) capital cost x 100%, @

Life cycle analysis (LCA) was carried out in order to measure the environmental impact
the case studies have through the indicators derived from the OpenLCA tool, using the
CML-IA methodology, updated in 2016, and the allocation of impact energy for evaluation
using the Ecoinvent 3.8 database [26]. Gate-to-gate analysis was performed and 1 GJ of
energy was taken as the functional unit; this was calculated based on a calorific value of
43.2 M] /kg for SAF [27].

2.3. Step 3. Comparison of Alternatives

Once the simulation and analysis of the indicators had been carried out, a comparison
was made to determine which route is the best to follow for the production of SAF.

3. Hydroprocessing of Esters and Fatty Acids (HEFA-SPK) Technology

HEFA technology is considered one of the best technologies by ASTM, as mentioned
above, and the process consists of three main stages, which are mentioned below [7,27,28]:

1.  Hydrodeoxygenation (HDO) stage: Here, the biomass is transformed by hydrogena-
tion, decarbonylation, saturation, hydrocracking, depropylation, and hydrodeoxy-
genation reactions to remove oxygen from triacylglycerides, resulting in a mixture of
linear hydrocarbons such as propane and paraffins.

2. Isomerization/cracking stage: In this stage, the linear hydrocarbon mixture is isomer-
ized and cracked to obtain a mixture of straight and ramified chain hydrocarbons to
fractions boiling in the temperature range of naphtha, jet fuel, and diesel.

3.  Separation: The straight- and ramified-chain hydrocarbon mixture obtained in the
previous stage is subjected to a separation sequence to obtain propane, naphtha, SAF,
and diesel effluents.

SAF production technology using HEFA-SPK consists of three main steps to obtain
SAF as the main product, but because of the route followed, there are three other prod-
ucts resulting from it, namely, propane, naphtha and green diesel, which are considered
value-added products. Figure 4 shows the block diagram of this technology.

Propane

Green
Diesel

T

Figure 4. Block diagram of SAF production using HEFA-SPK technology.
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With respect to biomass for HEFA-SPK technology, Mexico has a variety of biomass
sources available, as shown in Figure 5. The ICAO reported 213,052 establishments with
waste cooking oil availability in 2024. Servicio de Informacién Agroalimentaria y Pesquera
(SIAP) reported that the annual production in 2023 was 1,392,671 tons of palm oil, 957 tons
of jatropha per perennial cycle, and 714,621 tons of soya. On the other hand, there are a
variety of animal fats, such as chicken, bovine, porcine, and ovine fats, which represent
a potential capacity of 1,935,274 tons per year, which is the highest amount of biomass
available in the states of Veracruz, Jalisco, Chiapas, Puebla, and Guanajuato [29].

Palm oil Jatropha oil
(1,392,671 tons) (957 tons) (714,621 tons )

Animal
cooked oil fats
(213,052 tons) (1,935,274 tons)

Figure 5. Biomass available for SAF production in Mexico by HEFA-SPK.

A case study was simulated in Aspen Plus® V14, as shown in Figure 6. The biomass
used in this study was sustainable palm oil produced in Chiapas State, Mexico. A total
of 1500 kg/h of palm oil and 50 kg/h of hydrogen are fed into a reactor operating at
330 °C and 54 bar. The reactions carried out in R101 are depropanation, hydrodeoxygena-
tion, decarboxylation, and decarbonylation, with conversions of 100%, 60.1%, 36.1% and
3.8%, respectively [7,27]. The catalyst used in this study is based on the information pro-
posed by Rocha et al. [30], developed at the Mexican Institute of Petroleum. The resulting
mixture is fed into a gas-water separation (5101, 5102, and S103) system, such as a dewater-
ing unit, to remove the remaining water from the paraffins and to a separator to remove
CO, COy, and propane. The paraffin mixture is isomerized and caked into reactor R102.
The reactions used are reported by Martinez-Hernandez et al. [7]. R102 operates at 250 °C
and 30 bars. Finally, the mixture is separated into conventional distillation columns (DC101
and DC102) [31]. Details of the data used for simulation can be found in Tables A1-A3 of
Appendix A.
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Figure 6. SAF flowsheet production via HEFA-SPK technology.
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4. Alcohol to Jet (ATJ-SPK)

ATJ-SPK technology is another route that has had a great impact, as is the case of
LanzaTech, which, in 2024, started the commercial production of SAF from synthetic
paraffinic kerosene from alcohol to biofuel using this route. It was certified in 2016 using
an isobutane intermediate and in 2018 using ethanol [28,32,33]. Figure 7 shows the stages
of this technology. The objective of each stage is mentioned below [10]:

1.  Dehydration of alcohol: Dehydration consists of converting bioethanol to ethylene
with catalysts such as alumina and transition metal oxides, silicoaluminophosphates,
or heteropolyacids. The objective is to bring bioethanol conversion to around 99.5%.

2. Oligomerization: The oligomerization stage consists of converting intermediate olefins
such as butene into longer hydrocarbon chains. The oligomerization step follows
a Shulz-Flory distribution, which is like Fischer-Tropsch synthesis. This type of
distribution includes the adjustment of consecutive isomerization and metathesis
steps to produce the desired chain lengths.

3.  Hydrogenation: The hydrogenation stage adds hydrogen to remove any double bonds
in the olefins and produce fully saturated hydrocarbons.

4. Separation: The separation is similar to the HEFA-SPK technology, except that there is

Green
Diesel

In 2017, it was reported that in the case of biofuels, bioethanol is one of the most

no propane to separate.

Product
separation

Figure 7. Block diagram of SAF production using AT]-SPK technology.

relevant biofuels in Mexico due to the available biomass [34,35]. First-generation bioethanol
is obtained from raw material derived from food parts of plants with a high starch or sugar
content, such as sugarcane, corn, or sorghum grains. Second-generation bioethanol can be
obtained from agricultural or forestry residues composed of cellulose, such as wheat straw
or sugarcane bagasse. Mexican states such as Veracruz, Jalisco, Tamaulipas, San Luis Potosi,
and Oaxaca have the capacity for alcohol production. Figure 8 shows the raw materials
available and their capacity in these states, with potential capacities for the production of
around three million tons of alcohol per year [36,37].

\\\‘p\,‘f\‘
Sugarcane Sargasso Sweet Grain
(2,968,373 tons) (20,786 tons)  sorghum sorghum

(194,828 tons) (267,635 tons)

Figure 8. Biomass available for SAF production in Mexico by ATJ-SPK.

A case study was analyzed as a result of a simulation presented in Aspen Plus® V.14.
The information gathered was collected in Romero-Izquierdo et al. [10], and the flow
diagram is shown in Figure 9. The feed was bioethanol with a cost of 0.92 $/L, which was
fed into the R101 reactor, where the dehydration reaction was carried out at 11.4 bar and
450 °C. The ethylene was then separated to be fed into R102 for the oligomerization reaction
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which is operated at 120 °C and 35 bar. Once in the third reactor, R103, the oligomerized
mixture was converted to paraffins in the presence of hydrogen at 100 °C and 15 bar. The
amount of Hy was calculated based on minimizing its amount in S16 due to the recirculation
of excess Hj from 5102 and 5103. The product separation section, DC102 and DC103 units,
were simulated as presented in HEFA-SPK. Details of the data used for simulation can be
found in Tables A4-A7 of Appendix A.
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Figure 9. SAF flowsheet production via AT]-SPK technology.

5. Results

According to the mass balance in the HEFA-SPK study, for every kilogram of palm
oil, 44% is converted to SAF, 10% to naphtha, 5% to green diesel, and 9% to propane.
Considering a feed of 1500 kg/h, this produces approximately 630 kg/h of SAF. The prices
of palm oil and Hj are $0.35 and $2.00 per kg. The prices of SAF, naphtha, green diesel,
and propane are $1.44, $0.55, $1.00, and $0.80 per kg [7,32]. Table 1 shows the Capital
Expenditures (CAPEX), Operational Expenditures (OPEX), and profitability analysis for
this case study [38,39], and Table 2 sums up the LCA performed in this work.

Table 1. Techno-economic analysis of SAF production via HEFA-SPK.

CAPEX
Metric Unit Value
Fixed capital investment $ 18,787,673.31
Working capital investment $ 3,312,687.99
Total capital investment $ 22,100,361.30
OPEX
Operation cost $/y 8,443,288.86
PROFITABILITY
Return on investment (ROI) Y% 10.2
SAF production cost $/L 1.36
Table 2. LCA of SAF production via HEFA-SPK.
Metric Unit Value
Global warming potential kg CO, eq./GJ 1.31
Human toxicity kg 1,4-DBeq./G 5.90 x 1073
Acidification kg SO, eq./GJ 2.88 x 1074
Eutrophication kg POy eq./GJ 7.65 x 1075
Photochemical oxidation kg CoH; eq./GJ 2.72 x 1073

Based on the overall balance of the design in Figure 9, for every kilogram of alcohol,
14% SAF, 8% naphtha, and 1% of green diesel are produced using ATJ-SPK. To achieve the
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same capacity of 630 kg/h of biofuel interest as in the case of HEFA-SPK, 4560 kg /h of
bioethanol is required. The following economic and life cycle analysis is performed for the
amount of raw material required and the desired product. The economic analysis is carried
out using a discount rate of 10% and a life project of 10 years, as in the HEFA-SPK case
study. Tables 3 and 4 summarize the economic analysis and LCA performed, respectively.

Table 3. Techno-economic analysis of SAF production via ATJ-SPK.

CAPEX
Metric Unit Value
Fixed capital investment $ 129,059,423.19
Working capital investment $ 22,775,193.77
Total capital investment $ 151,834,615.51
OPEX
Operation cost $/y 29,862,517.48
PROFITABILITY
Return on investment (ROI) Y% 13.7
SAF production cost $/L 6.33
Table 4. LCA of SAF production via ATJ-SPK.
Metric Unit Value
Global warming potential kg CO;, eq./GJ 1.53
Human toxicity kg 1,4-DBeq./G 2.56 x 1073
Acidification kg SO, eq./G]J 3.81 x 1074
Eutrophication kg POy eq./GJ 1.04 x 104
Photochemical oxidation kg CoH; eq./GJ 448 x 107°

Regarding CO, emissions, the production of fossil aviation fuel generates between
80.7 and 93.0 kg of CO; eq. per GJ of energy [40,41]. Furthermore, Mexico has proposed
that by 2030 there will be a 5% reduction in CO, emissions, which will require 350 million
liters of SAF, equivalent to 554 thousand tons of CO, [42]; therefore, this results in a target
contribution of approximately between 17 and 20% for both technologies.

Another way of presenting the results is shown in Figure 10, where it can be seen that,
in the case of HEFA-SPK, the ROI has a value of 10.2%, and in the case of ATJ-SPK, its
value is 13.7%; on the other hand, the total investment and operating costs in the case of
HEFA-SPK represent 9.33% and 18.34% of the total costs of AT]-SPK technology. In other
words, the costs of ATJ-SPK are higher than the costs of HEFA-SPK, which is the opposite
trend to ROI, because the cost of the raw material for ATJ-SPK, bioethanol, is lower than
that of palm oil, the raw material used for HEFA-SPK.

In order to have a perspective of how the ROI fluctuates in the scenarios mentioned
above, an analysis was made by modifying the raw material costs. In addition, a feasible
scenario was considered to have a minimum acceptable rate of return above 10% theoreti-
cally [39]. For the HEFA-SPK technology scenario, the price of palm oil was modified from
—20 to 20% and that of hydrogen from —30 to 30%. Figure 11 shows the results for this
scenario where the dotted line shows the minimum accepted ROJ, so if the cost of palm oil
(Figure 11a) increases by 1%, the process is compromised. On the other hand, if the cost of
H, (Figure 11b) increases above 8%, the process would also be compromised with respect
to the ROl indicator analyzed.
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Figure 10. Summary of the techno-economic and environmental analysis of SAF production by
HEFA-SPK and ATJ-SPK.
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Figure 11. Sensitivity analysis for SAF production using HEFA-SPK with two scenarios: (a) change in
palm oil cost and (b) change in Hj cost.

For the ATJ-SPK case, modifications in the price of ethanol and H; in a range of —40
to 40% are considered. As shown in Figure 12, neither price change significantly affects the
process, since in the case of ethanol (Figure 12a), the price is low compared to the price of
palm oil for HEFA-SPK; therefore, the raw material investment does not reduce the ROI
abruptly. In the case of H, (Figure 12b), the process was designed to have a fresh Hj stream
that feeds the process with the minimum required by taking advantage of excess H, and
recirculating it to the corresponding reaction zone. In both scenarios, the ROI is above
10%, so there is less risk when investing based on the flow diagram presented in Figure 9.
Although raw material costs do not have a strong influence on OPEX, in this scenario, there
is a high investment cost in terms of CAPEX, so it is necessary to continue working on
strategies to improve the process, such as energy integration or process intensification.
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Figure 12. Sensitivity analysis for SAF production using ATJ-SPK with two scenarios: (a) change in
ethanol cost and (b) change in Hj cost.

6. Conclusions

A study on the feasibility of implementing a SAF production plant using HEFA-SPK
and ATJ-SPK technology using economic and environmental indicators has been presented.
As can be seen in the results shown in Tables 1-4, there are favorable values at the process
level that make it feasible to begin to include these technologies in the production of
SAFs from a renewable source. On the other hand, in Mexico, there is a variety of different
biomass sources that can be used for sustainable biofuel production using both technologies.

According to the values obtained in the environmental impact analysis shown in
Tables 2 and 4, the HEFA-SPK route does not have a much higher potential compared
to the ATJ-SPK route, the latter having a higher global warming potential. This is partly
due to the type of materials used, as is the case of the amounts of hydrogen required in
both processes; on the other hand, the AT]-SPK process requires less steam to carry out the
process. On the other hand, it is recommended to continue working on the maturity of the
ATJ-SPK process in order to have both technologies at the same maturity level to reduce
the investment.

With respect to the environmental impact of both technologies per GJ of energy, it can
be seen that the global warming potential is 1.31 and 1.53 kg CO, eq for HEFA-SPK and
ATJ-SPK technology, respectively. This is due to the amount of energy required to produce
1 kg of SAF in both technologies, which indicates that it is feasible to implement strategies
to improve the process in order to minimize the amount of steam in this technology, which,
unlike HEFA-SPK, has a scheme that has been more developed than AT]-SPK.

Based on these results, in tandem with a behavioral analysis based on the risk of
investing in the production of SAFs in Mexico in the face of environmental emissions, it
is necessary to carry out a series of political measures improving the maturity of these
technologies in the country with the help of the government and industry, since Mexico has
abundant resources for the production of these biofuels. This will encourage the aviation
sector to use these bioproducts based on the existing regulations. With the help of this type
of work, in the future, it will be possible to promote collaboration between agricultural
producers and airlines, as well as to project scenarios considering the entire value chain.
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Appendix A
Table Al. Main parameters used for the HEFA-SPK simulation case study.
Item Value Reference
Composition of biomass (% weight)
e  Tripalmitin 42.61
e Triolein 41.9 [7]
e  Trilinolein 10.41
e  Tristearin 4.24
e  Trimyristin 0.84
Reactors R-101 R-102
e  Pressure (bar) 40 30 [7]
e  Temperature (°C) 310 250
e  Reactions Table A2 Table A3
Distillation columns DC-101 DC-102
e  Pressure (bar) 1.013 1.013
e  Theorical stages 10 - [31]
e  Feed stage 3 19
° Reflux ratio 0.1505 0.1635
e  Bottoms to feed ratio 0.8240 0.0838
Table A2. Reaction information and conversion data of the hydrodeoxygenation reactor.
Reaction Description Reaction Conversion
Depropanation CuH2y—6m—1) (COOH)3 +3Hy — 3Cy Ha, 11 COOH + C3Hg 100%
Hydrodeoxygenation CnHp,+1COOH + (m + 3)Hy — Cp11Hpyra +2H0 60.1%
Decarboxylation CnHpp41 +mHy — CyHpyqp + COy 36.1%
Decarbonylation CuH(2n41-2m)COOH + (m +1)Hy — CpHapt2 + CO + HyO 3.8%
n is the number of carbons in the aliphatic chain
m is the number of double bonds of the fatty acid molecule
Table A3. Reaction information of the isomerization reactor.
Reaction Description n
CnHop4o + Hy = Cy_3Hp,—4 + C3Hg 13-18
. CyH. + Hy — C,,_gHp, 14 + CsH 17,18
Hvdrocrackin nt12n42 2 n—8t12n—14 8118 ,
y 8 CnHont2 + Hy = Cp—7Hau—12 + C7Hae 17,18
CnHant2 + Hy = 2Cy oHy y242 16,18
Isomerization CnHzp42 — iso — CyHopgo 16,18
Table A4. Main parameters used for the AT]-SPK simulation case study.
Parameter Value Reference
Composition of biomass (% weight)
e Ethanol 98.15 [10]
e  Water 1.85
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Table A4. Cont.

Parameter Value Reference
Reactors R-101 R-102 R103
e  Pressure (bar) 35 15 [10]
e  Temperature (°C) 120 100
e Reactions Table A5 Table A6 Table A7
Distillation columns DC-101 DC-102
e  Pressure (bar) 1.013 1.013
e  Theorical stages 10 29 [31]
e  Feed stage 3 19
° Reflux ratio 0.1505 0.1635
e  Bottoms to feed ratio 0.8240 0.0838

Table A5. Reaction information and ethanol conversion data of the dehydration reactor. Reprinted
with permission from ref. [10]. Copyright 2025 Copyright Elsevier.

Reaction Conversion
C,HgO — CyHy + H,O 98.9%
2CyHgO — (C2H5)ZO + H,O 0.52%
C2H6O — (C2H4O) + Hzo 0.2%

Table A6. Reaction information and ethylene conversion data of the oligomerization reactor.
Reprinted with permission from ref. [10]. Copyright 2025 Copyright Elsevier.

Reaction Conversion

2C,Hy — C4H8 31.85%
2.5C,Hy — C5H10 0.151%
3C,Hy — CgHyp 23.55%
3.5C,Hy — C7Hyy 0.151%
4CyHy — C8H16 18.01%
4.5C2H4 — C9H18 0.151%
5CoHy — C10H20 4.25%
5.5C,Hy — C11Hy 0.151%
6CyHy — CipHoy 4.25%
7CyH, — CiyHog 4.25%
7.5C2H4 — C15H20 0.151%
8Co,Hy — C16H32 4.25%
85C,Hy — C17H34 0.151%
9C,Hy — C18H36 4.25%
9.5C,Hy — Ci9H3g 0.151%
10C2H4 — C20H40 4.25%

Table A7. Reaction information and reference components with 99% conversion rate hydrogenation
reactor. Reprinted with permission from ref. [10]. Copyright 2025 Copyright Elsevier.

Reaction

Reference Component

C4H8 + Hz — C4H10
C5H10 + H2 — C5H12
Ce¢Hyp + Hy — CgHg
CyHi4 + Ha — C7Hae
CgHie + H» — CgHig
C9Hqg + Hy — Cy9Hy
CioHao + H2 = CioH22

C4Hs
CsHy
CeH12
C7Hyy
CsHie
CoHig
CioHa2o
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Table A7. Cont.

Reaction Reference Component
Ci1Hzp + Hy — Ci1Hag Ci1Ha
Ci12Hz4 + Hy — Ci2Hog CioHag
Ci4Hps + Hy — C1aHso Ci4Has
CisHyo + Hy — Ci5Hn CisHa
Ci6Hzp + Hy — CipHay Ci6H32
Ci7H34 + Hy — Cy7H3e Ci7Hz4
CisHze + Hy — CigHss CisHse
Ci9H3s + Hy — Cr9Hag Ci9H3s
CaoHao + Hy — CooHap CaoHao
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