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Abstract

The Middle East and North Africa (MENA) region faces significant challenges in the
production of sustainable aviation fuel (SAF) due to high costs, limited feedstock
availability, and underdeveloped infrastructure. However, the region has diverse
feedstock options and can leverage existing refining capabilities and advanced con-
version technologies for SAF production. Addressing these challenges requires
research and development (R&D) collaboration, supportive policies, and international
knowledge exchange. To promote the production of SAF in the MENA region, a com-
prehensive strategy is required that includes collaboration, policy alignment, research
and development, infrastructure development, and training. Market incentives such
as regulations and financial support can help drive demand for SAF. Collaborating
with international organizations can improve knowledge sharing and promote sus-
tainable practices. Research and development collaboration is crucial for innovation
and establishing a strong SAF industry. Policy harmonization can create a supportive
framework for investment and innovation. Monitoring and reporting mechanisms can
ensure transparency and verify sustainability. By addressing these aspects, the region
can become a leading hub for SAF production and contribute to a sustainable avia-

tion industry.
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there is an urgent global need to promote the adoption of sustainable
aviation fuel (SAF), a cleaner and greener alternative to conventional

The aviation industry, a key driver of global connectivity and eco-
nomic growth, is now facing increasing concerns about climate change
and the environmental impact of air travel.»® In 2017, the annual
global consumption of aviation fuel reached approximately 300 million
metric tons.® With the industry's rapid growth, it is projected that by
2050, the global demand for aviation fuel will more than double, led
by developing countries.* However, the industry's heavy reliance on
fossil fuels and resulting greenhouse gas emissions have caused signif-
icant environmental consequences. In 2017 alone, flights contributed
around 859 million metric tons of CO2 emissions, accounting for 2%

of global anthropogenic CO, emissions.” To address these challenges,

jet fuels.>” The aviation industry began showing interest in biofuels in
the early 2000s due to their potential to reduce emissions and
decrease reliance on fossil fuels.2? The International Civil Aviation
Organization (ICAOQ) initiated efforts to promote SAF, with successful
commercial flights demonstrating feasibility and performance without
requiring modifications to existing aircraft or infrastructure.’®* Gov-
ernments worldwide have implemented supportive policies and regu-
latory frameworks, including ASTM International's specifications for
aviation biofuels in 2011, which provide a clear pathway for SAF certi-
fication, ensuring quality and compatibility with existing aircraft

engines.*?

Environ Prog Sustainable Energy. 2024;e14395.
https://doi.org/10.1002/ep.14395

wileyonlinelibrary.com/journal/ep

© 2024 American Institute of Chemical Engineers. | 1of 12


https://orcid.org/0000-0002-7591-2296
mailto:ismail.abbas@ul.edu.lb
http://wileyonlinelibrary.com/journal/ep
https://doi.org/10.1002/ep.14395

ABBAS ET AL

20f 12 I ENVIRONMENTAL PROGRESS
& SUSTAINABLE ENERGY

In recent years, a significant rise in SAF production and use has
been witnessed, propelled by advancements in production technolo-
gies, increased investment, and collaborations across the aviation and
biofuel industries.’®>* Governments, airlines, and private investors
are committing resources to recognize the potential of SAF as a sus-
tainable solution, aligning with ambitious sustainability goals and the
global aviation industry's commitment to using a significant share of
SAF by 2050.2571? To fully realize the potential of SAF, collaboration
and investment from governments, industry stakeholders, and interna-
tional organizations are crucial. Supportive policies, financial incen-
tives, and regulatory frameworks are needed to encourage the
adoption and production of SAF on a larger scale, making SAF pro-
duction processes vital in enabling the aviation industry's transi-
tion toward a more environmentally sustainable future.!® These
processes involve converting renewable feedstocks into a cleaner
alternative to conventional jet fuel through pathways like hydro-
processing, Fischer-Tropsch synthesis, and alcohol-to-jet pro-
cesses.??21 These production processes offer distinct advantages
over conventional fossil fuels, significantly reducing carbon dioxide
(CO,) emissions and other pollutants such as sulfur dioxide (SO,)
and particulate matter (PMx).2%724

In this context, SAF has gained significant attention as a vital solu-
tion for reducing greenhouse gas emissions in the aviation sector,
aligning with the global focus on environmental sustainability.2>~2”
The Middle East and North Africa (MENA) region, a key player in the
global energy sector, is increasingly prioritizing SAF production to
address the environmental impact of aviation.?®?° With abundant
feedstock availability, technological advancements, supportive poli-
cies, and growing market demand, the region has significant potential
for SAF production.®>3? The MENA region, renowned for its abun-
dant energy resources, has the potential to play a significant role in
SAF production by leveraging diverse feedstock resources, such as
agricultural residues, energy crops, and dedicated bioenergy crops,
as well as various technological advancements like pyrolysis, gasifica-
tion, hydrothermal liquefaction, and biochemical processes. However,
the specific opportunities, challenges, and strategies associated with
SAF production in the MENA region remain relatively unexplored.
This research problem holds considerable importance for both
research and practical applications, as exploring the feasibility and
opportunities of SAF production in the MENA region can contribute
to environmental sustainability, energy security, economic growth,
and job creation.

This paper aims to bridge the identified research gap by present-
ing a comprehensive strategy that considers feedstock availability,
technological advancements, policy support, infrastructure develop-
ment, and stakeholder collaboration. By doing so, it highlights the
MENA region's significant potential for SAF production and its
broader contributions to environmental sustainability, energy security,
economic growth, and job creation. The findings and proposed strat-
egy carry practical implications for policymakers, industry stake-
holders, and researchers interested in advancing SAF production in
the MENA region, with the goal of fostering a more environmentally

sustainable future for air travel.

The manuscript is structured to provide a thorough exploration of
these aspects. It begins with a foundational Section 2 and then delves
into challenges such as high production costs, limited feedstock avail-
ability, limited infrastructure, and technological readiness and scale-
up. A detailed roadmap is provided for initiating SAF production. The
feasibility and potential of SAF production are discussed, focusing on
the availability and sustainability of feedstocks and the technical and
economic performance of conversion technologies. Policy and regula-
tory aspects are emphasized, along with an analysis of market demand
for SAF. A comprehensive strategy for the development and imple-
mentation of SAF in the MENA region is proposed, including the
importance of regional collaboration, research and development, and
production infrastructure. International cooperation and partnerships
are highlighted, as are monitoring and reporting mechanisms. The
manuscript concludes by summarizing key points and suggesting

directions for future research and action.

2 | MATERIALS AND METHODS

The research paper focuses on SAF production in the MENA region,
and it employs a comprehensive analysis of data and facts gathered
from relevant literature sources. The study adopts a systematic
approach to collect and analyze information regarding SAF production
processes, feedstock availability, technological advancements, and
environmental impacts in the MENA region. Primary sources such as
scientific journals, research papers, industry reports, and governmen-
tal publications are extensively reviewed to ensure the accuracy and
reliability of the data. Additionally, secondary data sources, including
databases and statistical records, are utilized to supplement the analy-
sis. The materials and methods employed in this research paper aim to
provide an in-depth understanding of the current state of SAF pro-
duction in the MENA region and serve as a valuable resource for pol-
icymakers, industry stakeholders, and researchers interested in the

sustainable development of aviation fuels.

3 | RESULTS AND DISCUSSION
3.1 | Challenges for sustainable aviation fuel (SAF)
production in the MENA region

The MENA region holds substantial potential for SAF production;
however, several challenges must be addressed to harness this poten-
tial. The key barriers include high production costs, limited feedstock
availability, limited infrastructure, and technological readiness and
scale-up (Figure 1).

High production costs pose a significant challenge in the MENA
region. SAF production currently incurs higher costs compared to con-
ventional jet fuels.3? Factors contributing to these high costs include
limited availability and high costs of feedstocks, complex conversion
technologies, the need for additional investments in dedicated pro-

duction facilities, limited economies of scale, and challenges related to
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the availability and affordability of renewable energy sources. To
tackle this challenge, the region can focus on research and develop-
ment, collaboration with international partners, and knowledge shar-
ing to optimize technologies, develop innovative processes, and
explore alternative feedstock options. Government support through
incentives and subsidies can also help reduce production costs and
encourage market growth for SAF.

Limited feedstock availability is another significant challenge. The
arid landscapes and limited agricultural land in the region hinder
the cultivation of traditional biofuel feedstocks. The competition for
land resources between food crops and biofuel feedstocks further
exacerbates this issue. Additionally, the inconsistent supply of waste
oils and residues poses challenges for their utilization in SAF produc-
tion. To address this, research and development efforts are exploring
alternative feedstock options such as saltwater-tolerant crops like
Salicornia.®® Collaborations with international organizations and
knowledge exchange contribute to the exploration of feedstock
options. The International Renewable Energy Agency (IRENA) pro-
vides valuable insights and guidance on feedstock availability and suit-
ability in the region.®*3>

Limited infrastructure for SAF production is a significant chal-
lenge in the MENA region. Existing refining capabilities are primarily
designed for conventional fuels, requiring substantial modifications to

produce SAF. Dedicated production facilities are needed to scale up

Challenges for sustainable aviation fuel (SAF) production in the MENA region.

production and ensure a consistent supply. The transportation and
distribution infrastructure for SAF are also underdeveloped, hindering
its widespread availability. Additionally, the absence of specific regula-
tions and standards for SAF can impede infrastructure development.
Collaborative efforts involving governments, industry stakeholders,
and investors are crucial in addressing these limitations.3® Govern-
ments can provide incentives and policy support, while public-private
partnerships and international collaborations can facilitate infrastruc-
ture development and knowledge exchange.

Technological readiness and scale-up present a significant hurdle
for SAF production in the MENA region. Adapting existing SAF pro-
duction technologies to the region's specific conditions, feedstock avail-
ability, and climate requires comprehensive research and development
efforts. Increasing investments in R&D is necessary to enhance techno-
logical readiness, optimize conversion processes, improve energy effi-
ciency, and reduce costs through innovation. Establishing pilot-scale
demonstration projects is crucial for validating SAF production technol-
ogies in the MENA region, assessing their performance, scalability, and
feasibility under local conditions, and attracting potential investors and
stakeholders. Access to funding, both public and private, is essential to
overcome financial barriers and accelerate the deployment of SAF pro-
duction technologies in the region.

Addressing these barriers to SAF production in the MENA region
requires concerted efforts from governments, industry stakeholders,
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research institutions, and international collaborations. By investing in
R&D, exploring alternative feedstocks, developing infrastructure, and

focusing on technological readiness and scale-up, the region can over-

come these challenges and unlock the potential for SAF production.

3.2 | Roadmap for starting sustainable aviation
fuel production in the MENA region

The aviation industry's growing recognition of the importance of
reducing carbon footprint has led to a focus on more sustainable prac-
tices.3” SAF emerges as a promising solution, offering a cleaner alter-
native to conventional jet fuel. In the MENA region, with its strategic
location and abundant resources, there is considerable potential to
play a significant role in SAF production, necessitating careful plan-
ning, and coordination (Figure 2).

The roadmap for SAF production in the MENA region begins with
a comprehensive feasibility study, assessing market demand, feed-
stock availability, regulatory landscape, infrastructure requirements,

and financial viability. Identifying sustainable and locally available
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feedstock sources, including biomass, waste oils, and agricultural resi-
dues, is crucial for ensuring abundance, sustainability, and compliance
with environmental criteria.

Technology selection is paramount, with a need to evaluate
options such as hydrotreating, Fischer-Tropsch, and alcohol-to-jet
processes based on technical feasibility, scalability, cost-effectiveness,
and environmental impact. Navigating the regulatory landscape,
understanding sustainability certifications, blending requirements, and
carbon reduction targets is essential for market access and long-term
viability.

The development of infrastructure and facilities, including pro-
duction plants, storage tanks, blending facilities, and transportation
logistics, requires collaboration with engineering firms, contractors,
and suppliers to ensure efficient and reliable operations. Establishing
strategic partnerships with feedstock suppliers, airlines, industry
stakeholders, and technology providers is instrumental, providing
access to funding opportunities, knowledge exchange, and policy
support.

Determining financial requirements and exploring various financ-

ing options, including private equity firms, venture capitalists, impact
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Roadmap for starting sustainable aviation fuel production in the MENA region.
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funds, and government entities focused on sustainable energy pro-
jects, is crucial. Building a pilot plant for comprehensive testing of the
SAF production process, optimization of operations, and assessment
of fuel quality informs subsequent scaling efforts.

Based on the success of the pilot plant, scaling up production
capacity, optimizing processes, and establishing a reliable supply chain for
feedstock are key steps. Collaboration with airlines to secure long-term
off-take agreements ensures a sustainable market for the SAF produced.
Developing a robust marketing and distribution strategy, educating stake-
holders, and integrating SAF into existing supply chains ensure availability
and accessibility. Committing to continuous improvement in SAF produc-
tion processes, feedstock sourcing, and technology advancements is
essential to stay abreast of industry trends and enhance sustainability
and efficiency in SAF production in the MENA region.

3.3 | Feasibility and potential of SAF production

The MENA region, known for its prominence in the global energy sector,
is increasingly turning its attention to SAF production. As the aviation
industry seeks to reduce its environmental impact and mitigate carbon
emissions, the MENA region holds immense potential for SAF production.

This section explores the feasibility and potential of SAF production in

& SUSTAINABLE ENERGY

the MENA region, considering factors such as feedstock availability, tech-

nological advancements, policy support, and market demand (Figure 3).

3.3.1 | Availability and sustainability of feedstocks

The MENA region's unique climate and natural resources offer a
diverse range of feedstock options for SAF production. While
traditional biofuel feedstocks may face limitations due to limited agricul-
tural land, the region can explore alternative options. Saltwater-tolerant
crops have shown promise in arid conditions,® while non-food biomass
and waste oils and residues from agricultural and industrial processes
can also be utilized.®® Ensuring the sustainability of feedstock produc-
tion through responsible land use practices and adherence to environ-

mental standards will be crucial for long-term viability.

3.3.2 | The technical and economic performance of
conversion technologies

Technological advancements in conversion processes play a vital role
in making SAF production economically viable. The MENA region can

leverage its existing refining capabilities and expertise in

Feasibility and potential of

SAF production

2- The technical )
1- Availability and and economic 3- The policy and 4 The market
sustainability of performance of regulatory g S for SAF
feedstocks conversion support and emand for S
technologies framework

Some Envi |
considerations for| — Hydroprocessing Regulatory || Environmenta

Feedstocks sustainable Framework Awareness

feedstock
production
|| Fischer-Tro.psch Incentives and Re.ggla.tory
Saltwater- Land Use and Synthesis Grants Initiatives
Tolerant Crops — Environmental
Impact
| | Alcohol-to-Jet .Cﬁllaborati.on [H Incentives and
(AT)) —|with Internationa Financial Support
| | Non-Food I Organizations
Biomass — Water Availability
Biomass-to-Liquid Research and Public

, T (BTL) L Development | — Procurement

| | Waste Oils and Wast.e and Support Practices

Residues — Residue
Management

FIGURE 3

Feasibility and potential of SAF production in the MENA region.
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hydroprocessing or Fischer-Tropsch synthesis to convert feedstocks
into SAF. Continued research and development efforts can further

enhance the efficiency and cost-effectiveness of these conversion

technologies, making SAF production more competitive in the market.

3.33 |
framework

Policy and regulatory support and

A supportive policy and regulatory environment is essential for the
growth of SAF production in the MENA region. Governments can pro-
vide incentives, grants, and tax credits to attract investments and
promote the establishment of dedicated SAF production facilities.
Clear and robust regulations defining sustainability criteria, quality
standards, and certification requirements for SAF production and use
are necessary to ensure transparency, compliance, and consumer con-
fidence. Policy frameworks can also encourage research collabora-
tions, knowledge exchange, and partnerships with international
organizations to leverage global expertise.

3.34 | Market demand for SAF

The market demand for SAF in the MENA region has been growing
steadily in recent years due to increasing environmental awareness, sus-
tainability commitments by airlines, and regulatory efforts to reduce car-
bon emissions in the aviation sector. The market demand for SAF in the
MENA region is driven by several key factors. First, governments in the
region have implemented regulations to promote SAF use, setting tar-
gets and mandates for blending SAF into aviation fuel. Major airlines in
the region, such as Emirates, Etihad Airways, and Qatar Airways, have
made sustainability commitments and are investing in SAF to reduce
their carbon footprint. Corporate social responsibility is also a driving
force, as airlines and companies prioritize sustainability to demonstrate
their environmental responsibility.*®** Collaboration with stakeholders
across the aviation value chain, including fuel suppliers and airports, is
crucial for establishing a sustainable SAF supply chain. Offering SAF as
a cleaner alternative to conventional jet fuel enhances brand value and
meets customer preferences. The MENA region has abundant feed-
stock resources, providing a localized and sustainable supply chain.
International cooperation and collaboration, as well as adherence to car-
bon offsetting and emissions reduction targets, further contribute to
the demand for SAF. These factors present significant opportunities for
SAF producers and stakeholders in the MENA region to contribute to a

more sustainable aviation industry globally.

3.4 | Comprehensive strategy for the development
and implementation of sustainable aviation fuel in the
MENA region

Developing and implementing SAF in the MENA region requires a
comprehensive strategy that addresses various aspects of production,

infrastructure, and policy (Figure 4). Outlined below is a comprehen-
sive strategy for the development and implementation of SAF in the
MENA region:

3.4.1 | Establish regional collaboration
Creating a collaborative platform is an essential step in expediting the
development and adoption of SAF production in the MENA region.
This platform would serve as a central hub, bringing together stake-
holders from the aviation industry, feedstock suppliers, technology
providers, research institutions, government bodies, and financial
institutions. By fostering collaboration and knowledge-sharing, the
platform would facilitate informed decision-making and mutual learn-
ing. It would also promote regulatory harmonization, resource pooling,
and collaboration, leading to economies of scale and accelerated
growth in SAF production. Additionally, the platform would provide
funding and investment opportunities, support market development,
and advocate for supportive policies. Through this collaborative effort,
the platform can drive the transition to sustainable aviation practices
and contribute to a greener aviation industry in the MENA region.
Achieving policy alignment is crucial for the successful production
of SAF in the MENA region. To create a supportive environment, clear
policy objectives should be established, with a focus on the develop-
ment and production of SAF. Harmonizing regulatory frameworks
across countries is essential, ensuring consistency and facilitating
regional trade. Supportive incentives, such as financial mechanisms
and streamlined administrative processes, should be put in place to
encourage SAF production. Defining and enforcing sustainability cri-
teria, along with robust certification schemes, ensures compliance and
transparency in the market.

3.4.2 | Research and development

In the MENA region, research and development (R&D) efforts play a
crucial role in advancing SAF production. These initiatives focus on
developing advanced technologies, optimizing feedstock utilization,
and enhancing production processes to ensure the availability of envi-
ronmentally friendly aviation fuel. Notable collaborations include
Abu Dhabi National Oil Company (ADNOC) and Honeywell, as well as
King Abdulaziz City for Science and Technology (KACST) and Aramco
Services Company, which are exploring SAF production opportunities
and sustainable biofuels derived from non-food biomass sources,
respectively.*?*3 Research institutions like the Masdar Institute are
actively engaged in studying and advancing SAF production technolo-
gies, particularly in waste biomass conversion. Government support is
also evident through initiatives like the Abu Dhabi Sustainable Bioe-
nergy Research Consortium (SBRC), which focuses on developing
innovative technologies for SAF production.** These R&D efforts
align with global initiatives and partnerships, such as the Sustainable
Bioenergy Research Consortium between the UAE and the

Netherlands, to accelerate the development of advanced biofuels,
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FIGURE 4 Comprehensive strategy for the development and implementation of sustainable aviation fuel in the MENA region.

including SAF.*>*¢ The MENA region's commitment to research and
innovation underscores its dedication to supporting global environ-
mental objectives and promoting sustainable aviation practices. Col-
laboration platforms, such as research consortia, public-private
partnerships, and industry forums, provide avenues for stakeholders
to come together, share resources, exchange ideas, and collaborate on
R&D initiatives. By providing funding support, establishing research
facilities and partnerships, implementing robust testing and certifica-
tion processes, and fostering collaboration platforms, the MENA
region can drive significant progress in SAF production, fostering
technological advancements, and sustainable solutions for the aviation

sector in the region.

3.4.3 | Production infrastructure

Feedstock diversification

In the MENA region, feedstock diversification is a key aspect of SAF
production. Assessing regional resources is crucial to identify and
evaluate the availability and suitability of different feedstock options

for SAF production (Table 1). The MENA region possesses significant

potential for producing SAF from various feedstocks, including solid
waste, date palm residues, animal wastes, and used cooking oil
(Table 2).

The data on municipal solid waste (MSW) in the MENA region
indicates varying quantities and compositions, providing insights
into the potential for SAF production from this feedstock. Several
countries exhibit notable amounts of organic content in their
MSW, which can be harnessed for biofuel production. Countries
such as Algeria, Bahrain, Egypt, Iraq, Jordan, KSA, Kuwait,
Lebanon, Morocco, Oman, Qatar, and the UAE generate consider-
able volumes of MSW, with varying percentages of organics. The
high organic content in the solid waste of these countries, ranging
from 36.3% to 77%, suggests a substantial potential feedstock for
biofuel production. Technologies like gasification, pyrolysis, or bio-
chemical conversion can be employed to convert the organic frac-
tion of MSW into SAFs.

In terms of date palm residues, Egypt stands out with an esti-
mated 660,000 tons per year. Date palm residues, including branches,
leaves, and fruit waste, can be processed through thermal or biochem-
ical conversion methods to produce bio-oil or biogas, which can then
be further refined into SAF.
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TABLE 1 Feedstock diversification in the MENA region.

Feedstock

Examples

Potential conversion technologies

Saltwater-tolerant Salicornia, Jatropha, Suaeda, and  a. Hydrothermal liquefaction
crops Salsola b. Gasification
(halophytes) c. Pyrolysis
d. Fermentation
e. Biochemical processes
Non-food biomass  Agricultural residues (e.g., crop . Gasification
residues, straw, and bagasse, . Pyrolysis

Waste oils and

husks, stalks)

Forestry residues (branches,
sawdust, and wood chips)

Algae and aquatic biomass

Cooking oil, lubricating oil,

. Fermentation

. Anaerobic digestion

. Algal oil extraction
. Hydrothermal liquefaction

. Pyrolysis,

. Biochemical conversion
. Catalytic conversion

. Transesterification

Economic and environmental benefits

a.
b
C.
d
e

o™ QO 0 T W

o 0 T W

Diversification of feedstock

. Utilization of marginal lands

Reduced pressure on freshwater resources

. Carbon emission reductions
. Economic development and job creation

. Diversification of energy sources

. Reduce dependence on fossil fuels,

. Promote sustainable forestry practices.
. Create job opportunities

. Mitigate greenhouse gas emissions

. High productivity and rapid growth

. Reduced land and water footprint

. Carbon dioxide absorption and mitigation
. Utilization of waste and wastewater

. Contribute to energy security by reducing reliance

on imported petroleum products.

. Promote sustainability by repurposing waste

residues hydraulic oil, palm oil residues, b. Hydroprocessing
olive oil residues, and date c. Pyrolysis
palm residues
Municipal solid Food waste and green waste a. Anaerobic digestion
waste b. Gasification,
c. Pyrolysis,
d. Hydrothermal liquefaction

Industrial and agro-  Fruit pomace, sawdust, and a. Gasification,
industrial paper waste b. Pyrolysis,
residues C.

d. Transesterification
e

Used cooking oil (UCO) is another valuable feedstock for SAF
production. Egypt, with 500,000 tons of UCO per year, and the UAE,
with 182,000 L annually, can leverage these resources to produce
biofuels suitable for aviation. Conversion technologies such as trans-
esterification or hydrotreatment can be applied to UCO to obtain
high-quality SAF.

While some countries in the given data do not have specific fig-
ures for date palm residues or used cooking oil, it is important to note
that these resources are often present in significant quantities
throughout the MENA region. Therefore, countries such as Bahrain,
Jordan, Kuwait, Lebanon, Libya, Oman, Qatar, and Saudi Arabia can
explore the potential of date palm residues and used cooking oil as
additional feedstocks for SAF production.

The data on animal wastes in the MENA region suggests a signifi-
cant potential for the production of SAF from this feedstock. Several
countries in the region, including Bahrain, Egypt, Jordan, KSA, Kuwait,
Lebanon, Morocco, Oman, Qatar, and the UAE, generate substantial
quantities of animal wastes. This organic material can be effectively
utilized for biofuel production through processes such as anaerobic
digestion or other biochemical pathways. The varying volumes of ani-

mal wastes across these countries indicate diverse opportunities for

Hydrothermal liquefaction

materials
. Reducing greenhouse gas emissions,
. Supporting the circular economy concept.

aQ o0

Waste management cost reduction

. Resource recovery and circular economy

. Energy independence and security

. Greenhouse gas emission reduction

. Waste reduction and environmental preservation
. Air quality improvement

o a0 oo

. Waste valorization and cost reduction
. Greenhouse gas emission reduction

. Reduced land use pressure

. Air quality improvement

Q o0 T w

. Fischer-tropsch synthesis

biofuel production. For instance, Egypt's considerable amount of
11.00 Mtpa presents a notable feedstock base. Technologies like
anaerobic digestion, gasification, pyrolysis, or microbial fermentation
can be employed to convert the animal wastes into SAFs.

To fully leverage the potential of these feedstocks, it is crucial for
MENA countries to invest in advanced biofuel production technolo-
gies, establish proper waste management systems, and develop sup-
portive policies and incentives. Collaborative efforts between
governments, private sectors, and research institutions can drive the
development of a SAF industry in the region, reducing carbon emis-

sions from aviation and contributing to a more sustainable future.

Refining and conversion facilities

In the MENA region, the development of efficient and advanced refin-
ing and conversion facilities is crucial to produce SAF. The MENA
region hosts a diverse and technologically advanced network of refin-
ing and conversion facilities that play a pivotal role in meeting regional
and global energy demands. With significant oil and gas reserves,
countries in the region have established modern and sophisticated
refineries equipped with advanced technologies for crude oil refining,

ensuring the production of various fuels, including aviation fuel.
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TABLE 2 Amounts of some Feedstock candidates for SAF production in the MENA region.
Solid waste Mtpa Date palm residues Animal Used cooking
Country (% organics)*”4® (ton/year)**-5* wastes (Mtpa)®2->° oil (ton/year)>¢->8
Algeria 13.5 (54) 900,000 NA NA
Bahrain 2.6(71.9) NA 0.27 NA
Egypt 26 (56) 660,000 11.00 500,000
Iraq 12.8 (58.9) 630,000 NA NA
Jordan 3.4 (70) NA 3.65 15,000
KSA 17.4 (77) 345,000 14.35 NA
Kuwait 3.2(67) NA 1.71 NA
Lebanon 2.04 (50) NA 3.20 NA
Libya 3.2(36.3) NA NA 1650
Morocco 7.4 (70) NA 35.74 100,000
Oman 4.0 (49) NA 3.57 11,000
Qatar 11.4 (68) NA 1.39 NA
UAE 12.3 (64) 500,000 4.24 182,000 L annually

Some nations in the region have embraced technologies for convert-
ing biomass or waste into biofuels, contributing to SAF initiatives.>®
The strategic placement of these facilities near key transportation
hubs ensures a reliable and efficient supply chain for aviation fuel,
supporting the growing air travel industry. Moreover, there is signifi-
cant potential for these existing facilities to accelerate the production
of SAF by integrating SAF production units, implementing advanced
conversion technologies, and fostering collaborations with research
institutions. Government support, alignment with market demands,
and initiatives to raise public awareness further create an environment
conducive to the growth of the SAF industry, emphasizing the region's
commitment to global environmental objectives and sustainable avia-
tion practices. Continuous investments in technology upgrades and
personnel training underscore the region's dedication to maintaining a

resilient and environmentally conscious energy infrastructure.

Distribution infrastructure

The establishment of a robust distribution infrastructure is essential
for the successful production and supply of SAF in the MENA region.
The MENA region boast a well-established and comprehensive distri-
bution infrastructure for aviation fuel. Major international airports,
strategically located storage facilities, and dedicated fueling stations
contribute to the efficient supply of aviation fuel. These airports are
equipped with state-of-the-art facilities, including fuel storage tanks
and hydrant systems, ensuring a seamless provision of jet fuel for both
domestic and international flights. Some countries in the region have
also developed extensive pipeline networks to transport aviation fuel
from refineries or storage terminals to major airports, offering a cost-
effective and efficient means of distribution. Additionally, road and rail
transportation play a role in delivering fuel to airports without direct
pipeline connections. Stringent regulatory standards, adherence to
international aviation fuel quality requirements, and robust emergency
response and contingency plans further enhance the reliability and

safety of the aviation fuel distribution network in the MENA region.

Continuous investment in infrastructure and compliance with global
best practices contribute to the region's ability to meet the growing
demands of the aviation industry while maintaining high standards of
safety and efficiency. By investing in storage facilities, transportation
networks, logistics partnerships, quality control measures, and indus-
try collaboration, the MENA region can establish a robust distribution
infrastructure that supports the widespread adoption of SAF in the
aviation sector.

Market incentives and demand

The CAAF/3, which was held in Dubai, United Arab Emirates, from
November 20 to 24, 2023, resulted in the adoption of a global goal
for the implementation of SAF by 2030.¢° Additionally, a comprehen-
sive framework was established to facilitate this objective. The con-
ference outcomes presented the Global Vision for 2030, which aims
to reduce CO, emissions in international aviation by 5% through the
use of SAF, liquefied compressed alternative fuels (LCAF), and other
more environmentally-friendly aviation fuels.

Various countries in the MENA region are actively pursuing initia-
tives in the aviation sector to promote sustainability (Table 3). In the
United Arab Emirates (UAE), the Dubai Supreme Council of Energy
has set a goal of incorporating 5% SAF in Dubai airports by 2030, and
the Abu Dhabi National Oil Company (ADNOC) is collaborating with
Etihad Airways to create a roadmap for SAF production. Similarly, in
the Kingdom of Saudi Arabia, Saudia is committed to emissions reduc-
tion and exploring SAF options, while the General Authority of Civil
Aviation (GACA) collaborates with stakeholders to explore SAF pro-
duction opportunities. In Qatar, Qatar Airways is investing in SAF
research and development, and the Qatar General Civil Aviation
Authority (GCAA) is actively supporting initiatives for the use of SAF
in the aviation industry. Royal Jordanian Airlines in Jordan is engaged
in SAF research and exploring partnerships for sustainable aviation,
and in Morocco, the National Office of Airports (ONDA) collaborates
with airlines to explore SAF usage and reduce carbon emissions.
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TABLE 3 Initiatives for SAF production in the MENA region.

Country Initiative

United Arab o Dubai Supreme Council of Energy set a
Emirates (UAE) target of using 5% SAF in Dubai airports
by 2030.
o Abu Dhabi National Oil Company
(ADNOC): Collaborating with Etihad
Airways to develop a roadmap to produce
SAF in the UAE.

Kingdom of e Saudi Arabian Airlines (Saudia):

Saudi Arabia Committed to reducing emissions and
exploring SAF options to achieve
sustainability goals.

e General Authority of Civil Aviation
(GACA): Collaborating with stakeholders
to explore opportunities for SAF
production and usage.

Qatar o Qatar Airways: Committed to reducing
carbon emissions and investing in SAF
research and development.

e Qatar General Civil Aviation Authority
(GCAA): Supporting initiatives to promote
the use of SAF in the aviation industry.

Jordan Royal Jordanian Airlines: Engaging in SAF
research and exploring partnerships for

sustainable aviation initiatives

National Office of Airports (ONDA):
Collaborating with airlines to explore SAF
usage and reduce carbon emissions.

Morocco

These initiatives collectively underscore a regional commitment to
adopting sustainable aviation practices, aligning with global efforts
to mitigate the environmental impact of the aviation sector.

3.4.4 | International cooperation and partnerships

The MENA region recognizes the importance of SAFs in mitigating
the environmental impact of the aviation industry. Collaborations with
international organizations (International Civil Aviation Organization
[ICAQ], Global Sustainable Aviation Fuels Alliance [SAFUG], and Inter-
national Renewable Energy Agency [IRENA]) are crucial for advancing
SAF adoption and production. These partnerships facilitate the devel-
opment of sustainable practices, knowledge sharing, and the establish-
ment of robust frameworks for SAF implementation. Aligning with
ICAO ensures consistency in sustainability criteria and regulations.
Engagement with SAFUG allows for best practice exchange and mar-
ket insights, contributing to scaling up SAF production. Collaboration
with IRENA strengthens the region's position in renewable energy-
based SAF production. Continued collaboration with international
organizations is vital for driving research, creating markets, fostering
innovation, and supporting capacity building. Knowledge exchange
with research institutions and industry associations enhances exper-
tise in SAF production. Research and development collaboration

drives innovation and accelerates the development of sustainable SAF

production methods tailored to the MENA region. The MENA region
aims to establish itself as a hub for SAF production expertise by

investing in R&D and fostering partnerships.

345 | Monitoring and reporting

Monitoring and reporting play a vital role in promoting SAF produc-
tion in the MENA region. By implementing robust mechanisms, the
region can ensure transparency, track progress, and verify the sustain-
ability of SAF. Monitoring involves assessing the entire value chain,
from feedstock cultivation to fuel distribution, to evaluate environ-
mental and social factors. Data collection systems, standardized
reporting templates, and verification processes are necessary for
effective monitoring. Collaboration among stakeholders is crucial to
establish frameworks and guidelines, minimize duplication, and
enhance credibility. Regular updates and communication of results
foster transparency and stakeholder engagement. Public awareness
campaigns contribute to informing the public about the benefits of

sustainable aviation and the progress made in the MENA region.

4 | CONCLUSION

In the MENA region, the potential for SAF production is substantial,
yet several challenges must be addressed to fully exploit this opportu-
nity. High production costs, limited feedstock availability, infrastruc-
ture constraints, and technological readiness pose significant hurdles.
To overcome these challenges, the region can focus on research and
development, international collaborations, and knowledge-sharing ini-
tiatives. Government support, including incentives and subsidies, can
alleviate production costs and promote SAF market growth. The
region's commitment to addressing these challenges aligns with global
efforts to reduce the aviation industry's carbon footprint.

In terms of feedstock diversification, the MENA region possesses
ample resources, including municipal solid waste, date palm residues,
used cooking oil, and animal wastes. Leveraging these resources
through advanced biofuel production technologies, waste manage-
ment systems, and supportive policies can enhance SAF production.
The existing refining and conversion facilities, distribution infrastruc-
ture, and training programs in the region play a crucial role in acceler-
ating SAF production. Continuous investments in technology
upgrades, personnel training, and market incentives further highlight
the region's dedication to sustainable aviation practices.

International cooperation and partnerships, particularly with orga-
nizations like ICAO, IATA, SAFUG, and IRENA, contribute to the
development of robust frameworks, knowledge exchange, and
research collaboration. Monitoring and reporting mechanisms ensure
transparency and progress tracking, fostering public awareness and
stakeholder engagement. The MENA region's comprehensive strategy
addresses various aspects of SAF production, infrastructure develop-
ment, and policy support, emphasizing its commitment to a greener

aviation industry and global environmental objectives.
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