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Chapter 2
Overview of Aviation Sector, Feedstock,
and Supply Chain
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Ashok Kumar Yadav, and Ajay Singh Verma

Abstract A refinery processes crude oils to manufacture a broad range of useful
products, such as jet fuel, gasoline, petrochemicals, diesel, and asphalt constituents.
In addition to being manufactured via hydro methods, kerosene can also be pro-
duced as a direct run product, particularly from heavier crude oil feedstocks.
Hydrocarbon fuels like kerosene jet fuel are virtually exclusively made of carbon
and hydrogen atoms. Aromatic compounds, cycloparaffins (naphthenes), and paraf-
fins (iso and normal) make up the majority of the hydrocarbon composition. The
ratios of these hydrocarbon components will vary in aviation jet fuel made from
various feedstocks and processing methods. The burning of aviation turbine fuel has
been linked to “global warming,” which is why “biojet” has been suggested as a way
to blend fuel to lessen carbon emissions. The maximum percentage of biojet to
conventional jet fuel blend permitted by the standard is 50%. While bioethanol and
biobutanol, which have been shown to be effective as automotive fuels, were deter-
mined to be inappropriate for use in aircraft because they did not meet ASTM
D7566-09 requirements. Many technological solutions have surfaced as a result of
extensive global R&D activities. These systems generated renewable hydrocarbon
fraction as drop-in fuel known as “biojet” using feedstock like animal fat, leftover
agricultural products, municipal solid waste (MSW), waste cooking oil, plant seed
oil, and waste cooking oil. Reduced carbon emissions in aviation fuel are the main
advantage of using feedstock made from plants or agricultural waste in place of
crude oil. To ensure that biojet is a sustainable, affordable, and environmentally
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friendly aviation fuel, a number of obstacles have to be overcome in order to meet
the strict requirements of aviation fuel.

Keywords Jatropha oil - Aviation turbine fuel (ATF) - DSHC - Biojet -
HEFA ASTM

2.1 Introduction

Our society has changed for the better because of air travel, which has improved
community relations, fueled trade, and made it possible for things that were unavail-
able to earlier generations to be exchanged. Even though air travel makes the globe
smaller and better, the energy necessary for flying comes at a significant cost. Highly
specialized jet fuel (Jet-A-1), produced from crude oil, is used extensively in air
transportation for people, cargo, and the military. The aviation industry has a signifi-
cant need for 200 million tons of jet fuel annually due to the 5% annual increase in
flight traffic worldwide (Davidson et al. 2014). Air carriers are a hazard to high-
altitude propagation since they consume a lot of traditional fossil fuel (Jet-A), which
is responsible for 2% of all greenhouse gas emissions from the transportation indus-
try. To mitigate the effects of “global warming,” certain nations have suggested
levying a “carbon tax” on airlines that utilize aviation fuel derived from fossil fuels,
such as Jet A-1. The following objectives have been committed to by International
Air Transport Association (IATA) members:

* Increase fuel efficiency by 1.5% annually for the next 10 years
e Attain growth that is carbon-neutral for the aviation industry as a whole
e Achieve a 50% net reduction in CO, emissions by 2050

2.1.1 Aviation Industry Growth

India has one of the highest fuel prices and taxes in the world, if not the highest
overall, which negatively impacts the bottom line of smaller airlines. Over the last
5 years, India’s civil aviation sector has seen a 20% rise in both domestic and inter-
national air travel. Nitrogen oxides (NOX), carbon dioxide (CO,), water vapor
(H,0), and particulate matter (PM) are the primary greenhouse gas (GHG) emis-
sions from aviation during flight, and they all contribute to global air pollution
(Martin et al. 2003). In order to replace fossil fuel-based Jet A-1 fuel, the aviation
sector urgently needs green fuel. Second-generation biofuels could be a competitive
alternative to Jet A-1, which is based on fossil fuels, and helps partially meet the
demand for aviation fuel. This would help reduce the environmental impact of water
vapor (H,0), nitrogen oxides (NOX), particulate matter (PM), and net carbon diox-
ide (CO,) (Ozaydin et al. 2013).

The present refueling infrastructure may be used to partially mix these fuels with
aviation gasoline, enabling the creation of a straightforward global supply chain
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system. Nevertheless, compared to other modes of transportation like cars, the use
of biofuels in aviation is fraught with difficulties. One of the most difficult issues of
using biofuels is in autos (Adhikari 2018).

The main prerequisites for environmentally friendly alternative jet fuels are as
follows:

e It can be combined with regular jet fuel.

e Drop-in fuel is compatible with existing supply infrastructure and does not
require engine or aircraft change.

e I can meet the same standards as traditional jet fuel, especially those pertaining
to temperature resistance.

e Itrequires a lot of energy (minimum 42.8 MJ/kg).

e It can meet environmental criteria such as lowering freshwater requirements,
minimizing lifecycle carbon emissions, without affecting food production, and
preventing deforestation.

The current aircraft industry’s strict requirements for aviation fuel must undoubt-
edly be met by any alternative fuel.

2.1.2 Biofuels That Are Sustainable for Aviation

The two most sustainable biofuels currently being produced for use in cars for sur-
face transportation are bioethanol and biodiesel. While traditional automobiles in
the EU, the United States, and India use a mixture of 5-10% (E5-E10) bioethanol
in gasoline, Flexi cars in Brazil utilize an 85% bioethanol mixture in gasoline (E85)
(Sinha et al. 2013). Table 2.1 shows compliance with aviation fuel specifications
(Jet A-1). Diesel vehicles that use 20% biodiesel in place of petroleum diesel (By)
perform well all around the world. Nonedible oils derived from plant seeds and
lignocellulosic biomass are the most sustainable feedstocks for large-scale bioetha-
nol and biodiesel production, respectively.

These two biofuels have a significantly lower carbon footprint than gasoline and
diesel, according to their life cycle analysis (LCA) (Tirado et al. 2021). Consequently,
the most environmentally friendly biofuels for cars are now bioethanol and bio-
diesel. The limitations of employing bioethanol and biodiesel as aviation biofuels
are shown in Table 2.2.

Although biodiesel and bioethanol are utilized with great success in road trans-
port vehicles, their intrinsic qualities have limited their usage as sustainable aviation
fuel. The best solution is an alternative fuel that satisfies all necessary fuel criteria,
ideally derived from renewable sources. As a result, the primary requirements for
aviation biofuel, also known as biojet, are synthetic fuels that meet the fundamental
requirements of aviation turbine fuel (ATF), whether they are hydrocarbon or non-
hydrocarbon kinds and have “drop-in” qualities (Zhu et al. 2014). These biofuels
have no net carbon footprint and need less capital for supply chain infrastructure
management and refining operations.
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Table 2.1 Compliance with aviation fuel specifications (Jet A-1)

Energy density

44 Ml/kg

Cold flow properties, pour
point ° C

<44

Fuel composition

Proper ratio of n-alkanes, iso-alkanes, cyclo-alkanes, and
aromatics (25 vol.%)
Selective hydrocarbons

Viscosity at-20° C Cst max 8.0

Density at 15 °C 0.779-0.840

Smoke pt.mm min 19

Kinematic viscosity at 40 °C 1.2

Compatibility issues Additives and materials used in jet engines
Existent gum 5.0-7.0

Extinction, ignition, and
flammability

Within limits

Table 2.2 Biodiesel and bioethanol specification limitations as aviation fuel

Bioethanol Biodiesel
Energy density, MJ/kg 0.80 1.9-6.0
Kinematic viscosity at 40 °C 26.4 37.27
Flash point 130 °C higher
Pour pt. °C Within limit 13-16
Impurities Glycerol, acids
Compatibility Corrosive with moisture Noncompatible

1. They concentrated on creating a method that effectively creates jet propellant 8§,
or JP-8, an alternative to petroleum-based military jet fuel from oil-rich crops
grown through aquaculture or agriculture. In the end, this method may provide
an inexpensive substitute for JP-8 made from petroleum.

2. Alternative fuels in airplanes have unique challenges (safety, logistics, tempera-
ture, etc.). The only options available to consider, considering the amount of
money invested in aviation, are drop-in fuels or fuels having kerosene-like quali-
ties that do not require major modifications to infrastructure or equipment

architecture.

2.1.3 Bio-Aviation Fuel

Bio-aviation fuel is a mixture of synthetic paraffinic kerosene (SPK) made from
biomass and jet fuel derived from petroleum. The manufacturing platforms, as well
as a brief process description, for these is SPK. Oil-to-jet production platform
hydroprocessed esters and fatty acids production method (HEFA) generates
HEFASPK by hydroprocessing deoxygenated oils and fats. Other oil-to-jet
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platforms include fast pyrolysis of cellulose and hydrothermal liquefaction of plant
or algal oil. These platforms are then followed by jet fuel upgrading (Abdullah et al.
2019). The gas-to-jet platform converts biomass into syngas through the Fischer—
Tropsch production pathway (FT), which is then hydroprocessed to create
FTSPK. Alcohols are created by fermenting the fermentable sugars that are pro-
duced after the biomass is hydrolyzed (Behrendt et al. 2018). The process of con-
verting fermentable sugars from biomass into farnesene through fermentation,
hydroprocessing, and fractionation is known as the “sugar-to-jet production plat-
form” or “direct sugar-to-hydrocarbon jet fuel synthesis” (DSCH). Aqueous-phase
reforming is followed by direct sugar to hydrocarbons and sugar catalytic reforming
as other sugar-to-jet platforms. Chemical or biochemical intermediates are another
option (Anderson et al. 2012). Additional potential advantages include job creation,
price stability, and energy security. The usage of bio-aviation fuel may lead to rural
development, which may include a rise in employment in production and agricul-
ture, as well as a higher productivity of marginal nonarable land. Deployment has
not got enough support despite its economic advantages. The production pathways
must receive investments in the form of subsidies and legislative support in order to
become economically competitive with the output of oil refineries (Campbell 2018).

2.2 Feedstocks for Biomass-Derived

2.2.1 Synthetic Paraffinic Kerosene

The four generations that feedstocks are divided into are the first, second, third, and
fourth generations. Table 2.3 shows feedstocks for bio-aviation fuel production
(Azwan et al. 2016). When choosing a feedstock, availability is an important factor
to take into account. There is a connection between the availability of cultivated
feedstocks and their potential yield. With a production of 19.2 t/ha/year, oil palm
was the most productive of these feedstocks. Since algae culture is mostly done at
the lab- to pilot scale, the potential output for microalgae for 3-G feedstocks has
been estimated to be substantially bigger at 91 t/ha/year; however, this number is
questionable (Couto et al. 2017).

2.2.2 Renewable Feedstocks

Nonetheless, developing sustainable biojet fuel necessitates a continuous, quantita-
tive, and qualitative supply of renewable feedstocks. To guarantee a consistent sup-
ply of fuel for international flights, such feedstocks must to be accessible on all
continents of the planet (Dominguez-Garcia et al. 2017). Commercial flights have
already used biojet fuels made from plant seed oils in modest amounts (Dziggielewski
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Table 2.3 Feedstocks for bio-aviation fuel production

Third
First generation Second generation generation | Fourth generation
Sugar and starchy crops: | Oil-seed energy crops: | Algae, Nonbiological feedstocks:
wheat, sugar beets, jatropha, castor bean | microalgae CO,, renewable electricity,
sugarcane, corn water
Oil-seed crops: oil palm, | Wood energy crops: Genetically modified
camelina, rapeseed, poplar, willow, organisms

eucalyptus

Grass energy crops:
Napier grass,
miscanthus

Food and municipal
waste

Forestry and
agricultural residues

et al. 2014). These flights, which were run by United, Lufthansa, JAL, and other
airlines, all combined Jet A with biofuel made from the nonedible evergreen shrub
Jatropha (Giudicianni et al. 2017). British Airways and Solena have partnered to
begin manufacturing a synthetic paraffin product made from agricultural and urban
waste (Fischer et al. 2018).

Three different kinds of raw materials could be used to produce carbon-free and
affordable biojet fuel:

(a) Lipids — camelina, rapeseed, karanjia, maize (corn), palm oil, jatropha, and
used cooking oil are all types of oils derived from seeds. Certain procedures
seek to employ both algal and animal fats.

(b) Wood, agricultural wastes, and forest residues are examples of lignocellulosic
biomass.

Energy crops include grasses and plants that grow quickly, such as giant reed,
bamboo, and miscanthus.

(c) Sugars

Malaysia, Indonesia, China, India, the United States, Brazil, and Argentina account
for a sizable portion of global plant oil production, rapeseed, palm, soybean,
and jatropha, serving as the primary feedstock oils (Gutiérrez-Antonio et al.
2013). Plant oils have the potential to be sustainably available worldwide, but
some nations, like India, have limited supply of some of them, especially edible
oils (He et al. 2017). Table 2.4 shows a summary of supply chain model for bio-
aviation fuel provision. Aquatic algae, which might be grown in offshore or
marine water, is another alternative source. Yeast lipids, for example, are being
researched as potential nonplant sources of microbial lipids. The future of bio-
jet generation from fats and oils, on the other hand, is about creating sustain-
ability in big quantities at a fair cost (Karmee 2017).
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Table 2.4 Summary of supply chain model for bio-aviation fuel provision
Feedstock Model Model capability Location
Forest residues A mixed-integer linear A framework for United
programming model for the | determining the best States
biomass-to-liquid supply operating network in the
chain at the national level supply chain.

Cellulosic feedstock | Model of a biomass scenario | A model of system United
dynamics for simulating the | States
complex incentive—
production interaction

Microalgae Life cycle assessment with | Evaluating the potential of | United

multiple actors integrated algal-based jet fuels to States
into a system dynamics reduce GHG emissions
model

Energy crops Biomass value chain model | A thorough and adaptable | United

(miscanthus, willow) | (BVCM) whole-system optimization | Kingdom

and waste biomass model

(waste wood)

Camelina, jatropha Planning an aviation biofuel | Lowering expenses and Mexico

supply chain strategically greenhouse gas emissions

Wood residues Total transportation cost Based on least-cost United

model (TTCM) analysis, the biorefinery States
depot was chosen

Rice husk, rice straw | A rice value chain Determine how to Philippines

multiobjective concurrently develop,

spatiotemporal mixed-integer | create, and manage

linear programming model | sustainable and successful
rice value chains

Waste biomass Integrated biomass scenario | An efficient feedstock and | United

model (BSM) fuel flow model combined | States
with geospatial capabilities

Oil crops, sugar crops | Techno-economic evaluation | Developing scenarios for Brazil

of biorefinery technologies

the combined synthesis of
biochemicals and bio-
aviation fuels

Producing high-yielding nonfood grade oil feedstocks in areas with extremely
wide production spaces, avoiding rivalry with (or displacement of) existing food
production, and having enough water and other inputs are the only clear answers to
these three key issues (Howe et al. 2015). Every year, India uses about 4.5 million
tons of biojet fuel (Klein et al. 2018). Table 2.5 shows oil output from various oil
plants per hectare (ha). Three million hectares of wasteland are available in India
that might be planted with pongamia or jatropha, which would produce about nine
million tons of oil annually, enough to produce biojets. Table 2.6 shows fuel proper-
ties and the role of fatty acid structure. Also, 70% of the world’s biomass supply is
produced by regions of tropical Asia and Africa.
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Table 2.5 Oil output from Plant Latin name Productivity(I/ha/year)

various oil plants per Coconut Cocos nucifera 2578

hectare (ha) — -
Castor bean | Ricinus communis 1354
Rapeseed Brassica napus 1140
Cotton Gossypium hirsutum | 308
Palm Elaeis guineensis 5698
Camelina Camelina sativa 500
Corn Zea mays 168
Jatropha Jatropha curcas 1812
Karanja Pongamia pinnata 1250

Table 2.6 Fuel properties and the role of fatty acid structure

Properties Short chain Long chain Saturated Unsaturated
Freezing point Favorable Unfavorable Unfavorable Favorable
Energy content Low High High Low

Flash point Desirable Undesirable Undesirable Favorable
Oxidation stability Acceptable Acceptable Better Unfavorable
Viscosity Favorable Unfavorable Unfavorable Favorable
NO, Increase Reduced Reduced Increase
Combustion Unfavorable Favorable Better Unfavorable

2.3 Technologies for Biojet Fuel Processing

2.3.1 Hydroprocessed Ester and Fatty Acids (HEFA)

A company’s renewable jet fuel process is an excellent illustration of cutting-edge
technological techniques that could be used in the manufacturing of aviation biofu-
els (Jacobson et al. 2016). Tallow, algal oils, and a range of refined natural oils and
fats, both edible and inedible, can all be converted using this procedure. Through the
use of a selective cracking stage, the carbon chain lengths of natural oil, which
range from C,4—Cg, are reduced to C;—Cy, for jet fuel in the renewable jet process
(Doliente et al. 2020). The aim of this novel technique is to achieve a 50-70% Bio-
SPK (bio-kerosene) yield (Molefe et al. 2019). The catalytic processes of deoxy-
genation, isomerization, and selective cracking of the hydrocarbons found in natural
fats and oils must be optimized in order to produce high-quality, ultralow sulfur jet
fuel that satisfies Jet A-1 specifications, such as a freeze point of —47 °C and a flash
point of 38 °C (Fig. 2.1). This innovative technique yields diesel and naphtha range
fuels as by-products (Newes et al. 2015).
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Fig. 2.1 Ecofining™ process scheme

The procedure can be changed to create the Bio-SPK at a particular freeze point
or it can be run in diesel mode instead. The Indian Institute of Petroleum Dehradun,
a part of CSIR, has developed another cutting-edge catalytic technique for produc-
ing biofuels for the aviation and transportation sectors by hydroprocessing nonedi-
ble vegetable oils like jatropha seed oil (Fontes and Freires 2018). A demonstration
facility processing 100 kg of jatropha oil per day successfully proved the process,
yielding 33—40% of biojet fuel and 99% conversion, with the remaining liquid prod-
ucts being used as diesel and gaseous fuel (Mohseni and Pishvaee 2016). The CSIR-
IIP fuel processing plan for transportation and aviation is shown in Fig. 2.2. A 40%
maximum yield and a superior conversion rate of 99% for biojet may be achieved
by using hierarchical mesoporous zeolites, silica—alumina, and mesoporous alu-
mina as selective catalysts for the hydroconversion of waste cooking oil, seed oil,
and algal oil (Pham et al. 2010). Table 2.7 shows a comparison of the characteristics
of the biojet generated by CSIR-IIP. Using oil with different FFA contents is one
advantage of the technique. A scheme for synthesized bio- kerosene production is
illustrated in Fig. 2.3 (Pirker et al. 2016).

2.3.2 Synthetic Bio-Kerosene Process

In order to create synthetic fuels like biojet fuel and biodiesel, the process is primar-
ily based on the concept of converting biomass into liquid (BtL), employing feed-
stocks including lignocellulosic biomass, wheat straw wood debris, and forest
leftovers. There are five steps in this process: (a) pretreatment of biomass, (b) gas-
ification or pyrolysis, (c) syn-gas purification, (d) Fischer—Tropsch (FT) synthesis,
and (e) hydroisomerization of FT-wax to biojet, naphtha, and biodiesel, depending
on needs. Sulfur and other contaminants are absent from the very high-quality kero-
sene fraction that is produced by the BtL process (Sannan et al. 2017).
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Table 2.7 Comparison of the characteristics of the biojet generated by CSIR-IIP

Property Units Limit Jet A-1 IIIP biojet
Viscosity (—20 °C) Mm?/S 8.00 3.72 3.45
Freezing pt. 0C Max.-47 -52.2 —63
Density kg/m? 775.84 793 780

Total aromatics Yo vIv Max.26.5 23 13

Smoke pt. mm 25.0 26 34
Specific energy Ml/kg 42.8 42.9 43.5
Sulfur % m/m 0.3% 0.2 0.009

2.3.3 Alcohol Oligomerization Process

Numerous businesses have announced the discovery of methods to turn alcohols
into jet fuel; however, the viability of these procedures depends on the source of the
alcohols. According to the American renewable chemicals and biofuels business
Gevo, fermentable sugars obtained from cellulosic biomass have been successfully
used to produce isobutanol, which is then transformed into paraffinic kerosene (jet
fuel) and isobutylene (Raje and Davis 1997). It is also claimed that Lanzatech, a
different business, produces alcohol from “clean” carbon monoxide-containing
industrial waste gases and uses oligomerization and hydrogenation to turn the alco-
hol into jet fuel as illustrated in Fig. 2.4.
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Fig. 2.4 Process plan for alcohol oligomerization to jet fuel (AJT)

2.3.4 Direct Sugar to Hydrocarbons (DSHC)

To complete conversion, a sophisticated fermentation technique is used in the pro-
cedure. This biological conversion, in contrast to “traditional” sugar-to-ethanol fer-
mentation, occurs under aerobic circumstances (Schmitt et al. 2019). Then, this
passes through one further conversion process, producing the saturated and hydro-
genated hydrocarbon farnesane. The authorized route was created through an alli-
ance between Amyris, an industrial bioscience business located in California, and
Total, a French petroleum distribution and refining corporation (Seber et al. 2014).
Most eukaryotes and higher bacteria include farnesene, a terpenoid olefin
(1,6,10-dodecatrienes, CsH,,), which is biochemically generated through the meva-
lonate or isoprenoid pathway (Samsatli and Samsatli 2019). It dissolves well in
alcohols but not in water. Pour point is =76 °C, boiling point is 250 °C, and density
is 0.83 (15 °C).



28 A. Kumari et al.

Because farnesene and its isomers are non-hygroscopic, have very low pour
points, densities, and have flash points that meet aviation fuel criteria, they offer an
advantage over butanol and ethanol as biofuels.

2.3.4.1 Mevalonate Pathway

Actyl-CoA + Acetoacetyl-CoA 3-Hydroxy-3-methylglutaryl CoA (HMG-CoA)
Mavelonate Isopentyl-PP Geranyl-PP Farnasyl-PP Farnesene

The principal enzymes connected to the route of terpenoid biosynthesis include

(a) acetyl-CoA acetyltransferase, (b) 3-hydroxy-3-methylglutarylcoenzyme A
synthase, (c) HMG-CoA reductase, (d) mevalonate kinase, (e) phosphomevalonate
kinase, (f) mevalonate pyrophosphate decarboxylase, (g) isopentenyl diphosphate
(IPP) isomerase, (h) isoprene synthase, (i) farnesyl pyrophosphate (FPP) synthase,
and (j) a-farnesene synthase.

Both aerobic and anaerobic microorganisms use glycolysis to produce the 2 mol
of NADPH and the 3 mol of ATP needed for the process (Sinha et al. 2015). The
ability to overproduce terpenoids through microbial fermentation instead of plant-
based production has been made possible by recent advancements in synthetic biol-
ogy and metabolic engineering. This has produced a number of significant
discoveries, such as bulk chemicals and biofuels, as well as complicated natural
products like artemisinin and taxol precursors. A scheme for the direct conversion
of sugar to biojet is shown in Fig. 2.5.

2.3.5 Hydroprocessing Bio-Oil to Produce Biojet Fuel

The method is predicated on the hydrotreatment of bio-oil, which is made from
wood and lignocellulosic biomass by fast and catalytic pyrolysis. Table 2.8 shows
the status of development of the biojet fuel process. Co-processing heavy vacuum
petrol oil (HVGO) and bio-oil in an oil refinery’s hydrotreatment unit is an addi-
tional method of producing Jet-A1 fuel as shown in Fig. 2.6.

Direct
Feedstocks Fermentation Separation
Biomass ' by Genetically | & f Hydrotreatment
/Sugar Modified Purification |
- Yeast

!

Farnesane

Fig. 2.5 Scheme for direct conversion of sugar to biojet (farnesane)
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Table 2.8 Status of development of the biojet fuel process

Potential
Biojet fuel process | Certification Feedstock type Feedstock cost investment
Fischer—Tropsch Maximum mix of | Lignocellulosic Low Very large
(FT) 50% using Jet-Al | biomass and

woody
Alcohol Currently Starches, sugars Moderate but Medium
oligomerization to | undergoing ASTM limited in certain
jet fuel (ATJ) certification nations on fuel vs.
food
Hydrotreated Currently Starches, sugars Medium Very large
pyrolysis oil undergoing ASTM
certification
Direct sugar to Maximum 10% Sugars Medium Large
hydrocarbons blend with fossil
(DSHC) fuel jet
Hydro processed ASTM 2011 Plants oils High for edible Medium
plant seed oil maximum mix of oils, medium for
50% using Jet-A 1 supplies of
nonedible oils
Feedstocks | Catalytic
Biomass - Pretreatment Fast Hydrotreatment
/Sugar Pyrolysis
—

| !

Bio Char Bio jet Fuel

Fig. 2.6 Bio-oil hydrotreated to produce biojet fuel

A few large businesses, including BTG, Ensene, and UOP, are pushing the pro-
cess, which is still in the developmental stage, to be demonstrated in a demo plant.
Numerous chemicals, catalytic, and biocatalytic techniques have been demonstrated
to be effective in converting various renewable feedstocks, including biomass, plant
oilseeds, and sugars, into biojet fuel (Wang et al. 2021). However, in order to utilize
such “biojet fuel” in commercial aircraft, it must be certified by the ASTM and be
technologically and economically viable.
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2.4 Feedstock Storage and Transportation, as well
as Bio-Aviation Fuel

Planning and executing BAF provision present extra difficulties for the aviation sec-
tor due to the storage and supply chain mobility of intermediates, raw materials,
and/or completed goods (Vasquez et al. 2017). Long-distance fuel and feedstock
transportation dramatically raises supply chain expenses and greenhouse gas emis-
sions. Therefore, it is necessary to reduce the associated effects in order to make
BAF a more affordable and environmentally responsible substitute for CJF. The
supply chain is generally not significantly affected by feedstock storage (Tao et al.
2017). However, across the supply chain, energy-intensive facilities that require a
medium to long period to preserve and dry feedstocks may result in higher costs and
emissions. Fortunately, storage becomes less of a problem after the final BAF prod-
ucts leave the biorefinery since sophisticated technologies, such as carrier tanks
with particle settling and removal capabilities to preserve fuel, are already in place
to support them during transport. However, the related effects of storage must be
taken into account for its thorough planning, construction, and operation if they are
to be taken into account within a supply chain for BAF provision (Wei et al. 2019).

A number of models have been put out to optimize the placement of industrial
sites within BAF supply networks. The suggested models, however, only took the
supply networks’ transportation component into account. In order to account for the
storage required to fulfill short-term future demand, as well as the consequences of
biodiversity and the energy, food, water, and environment, supply chain models for
BAF need to be more detailed (Taylor et al. 2010). To guarantee that the outcomes
are trustworthy and pertinent, they should be conducted with as much recent data as
feasible.

2.5 Economic and Environmental Analyses

The most popular ways to transport feedstocks are by truck, rail, and ship; pipelines
are the least used method at the moment, but they could be important in the future.
According to a recent analysis of feedstock logistics, the impact of transportation
costs and distances on feedstock usage will lead to a rise in interest in multimodal
movement, or the combination of modes. The cost of transportation is made up of a
set cost and a variable cost that varies according to distance and is usually lower for
both rail and ship than for vehicle. Geographical variations, feedstock composition
and type, and transport capacities all affect how much transportation costs vary
between nations (Woytiuk et al. 2017). The high cost of transportation makes bio-
mass transport impractical for distances greater than 150-200 km. In a similar vein,
long-distance feedstock transportation can result in higher emissions over the course
of the life cycle.
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In a BAF supply chain, feedstock storage serves primarily to handle the temporal
unpredictability of demand, particularly in seasons of poor productivity (Trivedi
etal. 2015). The problem of storing lignocellulosic feedstocks without experiencing
large dry matter losses (DML) needs to be solved. The location and climate of stor-
age have an impact on the quality of the lignocellulosic feedstocks being held. There
are also reported costs for every storage infrastructure.

2.6 Issues Restricting the Use of Biojet Fuels Worldwide

Many obstacles prevent the widespread use of inexpensive biojet fuels, including
lack of regulatory incentives, manufacturing capacity, high production costs, com-
peting feedstock applications, technological restrictions, and the possibility of
waste and residues (Yan et al. 2018).

2.6.1 High Production Costs

Biojet fuel is now more expensive than petro Jet-A1 fuel because of the unpredict-
able and poor feedstock supply chain on the global market, including pogoma,
camellia, and jatropha oil. In general, the price of biojet fuel depends on (a) input
cost and composition of feedstock, (b) process technologies, (c) conversion effi-
ciency and product yield, (d) value-added coproducts, and (e) process energy effi-
ciency (Zhang et al. 2018a). It was found that between 50% and 70% of the cost of
biojet fuel is made up of feedstock and hydrogen (Zhang et al. 2018b). As a result,
the important determinant for cost reduction is a steady supply of prospective
feedstock.

2.6.2 Technology and Plant Capacity

Pilot or demonstration stages are reached by several biojet fuel processes. Some of
them still require technological development (Zhu et al. 2018). The utilization of
trash and residues as feedstock offers the most net greenhouse gas reduction when
compared to other alternative feedstocks; nevertheless, supply and its availability
chain strategy have not yet been recognized worldwide (Agusdinata and DeLaurentis
2015). High-capacity stand-alone production units require a large investment as
well as a high running cost. Biojet fuel might be used as a drop-in fuel in the avia-
tion sector in the near future. As a result, such plants should be built near a petro-
leum refinery or another biofuel facility (Agusdinata et al. 2011).
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2.6.3 Absence of Policy Motivation

To bring fuels closer to parity with fossil fuels, a number of countries have set up
incentives for mixing bioethanol and biodiesel with gasoline or diesel. On the other
hand, the aviation industry has not implemented any similar measures concerning
the utilization of biojet fuel (Bailis and Baka 2010). This circumstance may result
in global pricing and availability of discrepancies for feedstock and biojet fuel (Ball
et al. 2005).

2.7 Conclusion

Given that there will likely be a rise in demand for aviation services in the near
future, the challenge will be to meet this request while also adhering to global initia-
tives to reduce emissions (Eller et al. 2016). A crucial step in decarbonizing the
sector and separating it from the finite supply of fossil fuels is the use of alternate
jet fuel. This chapter has examined the possibilities for the bio-aviation fuel industry
by carefully examining the feedstocks, manufacturing methods, storage alterna-
tives, and modes of transportation (Elsoragaby et al. 2019). The following are the
main conclusions:

1. There are numerous feedstocks for the production of bio-aviation fuel that each
have their own advantages in terms of the economy and the environment. Short-
to medium-term inexpensive, high-yielding feedstocks with a high oil content
might be a good interim option. While waste sources with uncertainty and vari-
ability, such used cooking oil and municipal solid waste, may limit their applica-
tion, land-based crops with adverse environmental effects, like jatropha and oil
palm, may also do the same.

2. There are production paths, but they are not all equally prepared. Due to its
established nature, HEFA presents a potential solution for the quick and afford-
able usage of bio-aviation fuel. It is crucial to look at other production tech-
niques more, especially FT, which has higher capital expenditures than other
approaches but is closer to commercial maturity and produces superior green-
house gas reductions.

3. Either centralized or dispersed, the transportation structure of refined petroleum
products and biomass feedstock needs to be carefully designed to produce effi-
cient supply chains. It has been found that using a variety of transportation
modes throughout the chain can lower GHG emissions and transportation costs
when traveling long distances.

4. Supply chains for biofuels may be planned and designed with the use of optimi-
zation models, which are helpful tools for decision-making. Decisions made in
the supply chain are influenced by temporal and spatial factors.

5. These regulations must be simplified for every link in the supply chain in order
to coordinate their growth and expansion and meet environmental and socioeco-
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nomic sustainability goals. Since the aviation industry is international, certain
regulations must be harmonized worldwide while also providing sufficient flex-
ibility to meet the diverse national goals of different countries.
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