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Chapter 1: The Basics
of Aerodynamics: How
Engines Propel Aircraft

Aerodynamics is the study of how air interacts with solid objects,
particularly when those objects are in motion. In the context of
aviation, understanding aerodynamics is crucial for grasping how
aircraft are able to fly. This chapter will delve into the fundamental
principles of aerodynamics and how they relate to the functioning
of aircraft engines, providing a practical understanding that can be
appreciated by anyone, including those with a background in
programming or the arts.

The Four Forces of Flight

To understand how engines propel aircraft, we first need to explore
the four fundamental forces that act on an airplane during flight:
lift, weight, thrust, and draqg.

= Lift: This is the upward force that counteracts the weight of the
aircraft. Lift is generated primarily by the wings, which are
designed with a special shape called an airfoil. When air flows
over and under the wings, the difference in air pressure creates
lift. For example, when a plane takes off, its engines generate
thrust, allowing it to move forward. As the speed increases, air
flows over the wings, creating lift that eventually allows the plane
to ascend.

= Weight: This is the force due to gravity pulling the aircraft down
toward the Earth. It is determined by the mass of the aircraft and



the gravitational pull of the Earth. Understanding weight is
essential for pilots and engineers alike, as it influences how much
cargo or fuel an aircraft can carry.

» Thrust: This is the forward force produced by the aircraft's
engines. In jet engines, thrust is generated by expelling exhaust
gases at high speed, following Newton's Third Law of Motion,
which states that for every action, there is an equal and opposite
reaction. For instance, when a jet engine burns fuel, it produces
hot gases that are expelled backward, propelling the aircraft
forward.

= Drag: This is the resistance force that opposes thrust and slows
the aircraft down. Drag is caused by the friction of air molecules
against the surface of the aircraft and can be minimized through
streamlined designs. For example, modern aircraft are designed
with sleek shapes to reduce drag, allowing them to fly more
efficiently.

How Engines Work

Now that we have a grasp of the forces at play, let’s focus on how
engines specifically contribute to thrust. There are two primary
types of engines used in commercial aviation: jet engines and
propeller engines.

= Jet Engines: These engines operate on the principle of jet
propulsion. They intake air, compress it, mix it with fuel, and
ignite the mixture. The resulting high-pressure exhaust gases are
expelled out of the back of the engine, creating thrust. A common
example of a jet engine is the turbofan engine, which is widely
used in commercial airliners. The turbofan engine has a large fan
at the front that helps to draw in air, increasing efficiency and
reducing noise.

= Propeller Engines: These engines, often found in smaller



aircraft, use a propeller to generate thrust. The propeller blades
are shaped to create lift as they spin, pulling the aircraft forward.
A well-known example is the Cessna 172, a popular training
aircraft that uses a piston engine to turn its propeller.

The Role of Aerodynamics in Engine
Design

The design of an aircraft engine is heavily influenced by
aerodynamic principles. Engineers must consider how the engine's
shape will affect airflow around the aircraft. For instance, the
nacelle (the housing that contains the engine) must be designed to
minimize drag while ensuring that enough air reaches the engine
for combustion. This is particularly important in regions like
Indonesia, where tropical weather can affect air density and engine
performance.

Real-World Applications

Understanding aerodynamics and engine mechanics is not just
theoretical; it has practical implications. For example, when
designing an aircraft for short-haul flights in Indonesia, engineers
might prioritize fuel efficiency and the ability to take off and land
on shorter runways. This could involve optimizing the wing shape
for better lift at lower speeds or selecting an engine type that
provides sufficient thrust without excessive weight.

In conclusion, the interplay between aerodynamics and engine
design is fundamental to the operation of aircraft. By
understanding these concepts, we can appreciate the engineering
marvels that allow planes to soar through the skies, connecting
people and cultures across the globe. For those interested in
further exploring the intricacies of aerodynamics and aviation
technology, resources like NASA's Aerodynamics page and


https://www.nasa.gov/aerodynamics

Wikipedia's Aircraft Engine article provide valuable insights.


https://en.wikipedia.org/wiki/Aircraft_engine

Chapter 2:
Understanding Engine
Components: From
Turbines to
Compressors

When we think about how a plane engine works, it’s essential to
break down its components into understandable parts. This chapter
will explore the key elements of a jet engine, focusing on turbines
and compressors, which are crucial for the engine's operation.
Understanding these components not only enhances our
appreciation of aviation technology but also connects to broader
themes of engineering and design that resonate with curious minds
like yours.

The Basics of Jet Engines

At its core, a jet engine operates on the principle of converting fuel
into thrust. This is achieved through a series of components that
work together in a cycle. The main types of jet engines include
turbojets, turbofans, turboprops, and turboshafts. Each type has its
unique design and application, but they all share fundamental
components: the compressor, combustion chamber, and turbine.

Compressors: The Heart of Air Intake



The compressor is the first major component in a jet engine. Its
primary function is to draw in air and compress it to a high pressure
before it enters the combustion chamber. This process is crucial
because compressed air allows for more efficient combustion of
fuel, leading to greater thrust.

Example: Imagine using a bicycle pump. When you push down on
the pump, you compress the air inside, which increases its
pressure. Similarly, in a jet engine, the compressor increases the
air pressure, making it more conducive for burning fuel.

There are two main types of compressors: axial and centrifugal.

= Axial Compressors: These consist of a series of rotating blades
that push air through the engine in a straight line. They are
commonly used in high-performance engines, such as those found
in commercial airliners and military jets.

= Centrifugal Compressors: These use a rotating disk to fling air
outward, increasing its pressure as it moves through the engine.
They are often found in smaller engines, such as those in some
turboprop aircraft.

Turbines: The Power Generators

After the air has been compressed, it enters the combustion
chamber, where it mixes with fuel and ignites. The resulting high-
pressure gas then expands rapidly and flows through the turbine.
The turbine's role is to extract energy from this high-speed gas,
which is then used to drive the compressor and other engine
components.

Example: Think of a windmill. As the wind blows, it turns the
blades of the windmill, which can then be used to generate
electricity. In a jet engine, the expanding gases act like the wind,
turning the turbine blades and generating the power needed to



keep the engine running.

Turbines can also be classified into two main types:

= High-Pressure Turbines: These are located at the front of the
engine and extract energy from the high-pressure gases that
have just exited the combustion chamber.

= Low-Pressure Turbines: Positioned further back, these turbines
extract energy from the gases that have already expanded and
cooled, providing additional power to the engine.

The Interplay Between Compressors and Turbines

The relationship between the compressor and turbine is a
fascinating example of engineering efficiency. The energy
extracted by the turbine is used to power the compressor, creating
a self-sustaining cycle. This is known as the Brayton cycle, which is
fundamental to the operation of jet engines.

In practical terms, this means that as the engine operates, the
compressor continuously draws in air, compresses it, and sends it
to the combustion chamber, while the turbine ensures that the
compressor has enough energy to keep this process going.

Real-World Applications

Understanding these components is not just an academic exercise;
it has real-world implications. For instance, in Indonesia, where air
travel is becoming increasingly popular, knowing how these
engines work can enhance our appreciation for the technology that
powers our flights. Airlines like Garuda Indonesia and Lion Air rely
on advanced jet engines to ensure safety and efficiency in their
operations.

Moreover, as a country with a growing interest in technology and
engineering, Indonesia's educational institutions are beginning to



incorporate aviation studies into their curricula. This knowledge can
inspire future generations of engineers and innovators.

Conclusion

As we delve deeper into the mechanics of jet engines, it becomes
clear that components like compressors and turbines are not just
parts of a machine; they are marvels of engineering that embody
principles of physics and design. By understanding how these
components work together, we gain insight into the broader field of
aerospace engineering and its impact on our world.

For those interested in further exploring the intricacies of jet
engines, resources like NASA's Glenn Research Center provide in-
depth information on aerospace technologies, while Wikipedia
offers a comprehensive overview of jet engine types and their
components.

In the next chapter, we will explore the combustion process in
detail, examining how fuel and air interact to produce the thrust
that propels aircraft into the sky.


https://www.grc.nasa.gov/
https://en.wikipedia.org/wiki/Jet_engine

Chapter 3: The Science
of Combustion: Fueling
the Engine's Power

When we think about how a plane engine works, one of the most
critical components to understand is combustion. This process is
not just about fire; it's a complex chemical reaction that transforms
fuel into energy, propelling the aircraft through the skies. In this
chapter, we will delve into the science of combustion, exploring
how it fuels the engine's power and the various factors that
influence this essential process.

What is Combustion?

Combustion is a chemical reaction that occurs when a fuel reacts
with an oxidizer, typically oxygen from the air, producing heat and
light. In the context of aviation, the fuel used is usually a type of
kerosene known as Jet A or Jet A-1. These fuels are specifically
designed to burn efficiently and safely at high altitudes and low
temperatures.

The Combustion Process

The combustion process can be broken down into four main stages:
ignition, combustion, expansion, and exhaust.

1. Ignition: This is the initial stage where the fuel-air mixture is
ignited, usually by a spark from the engine's igniter. For
example, in a jet engine, the fuel is injected into the combustion



chamber, where it mixes with compressed air. The igniter then
creates a spark, igniting the mixture.

2. Combustion: Once ignited, the fuel burns rapidly, releasing a
significant amount of energy in the form of heat. This heat
causes the gases to expand, which is crucial for generating

thrust. The combustion of Jet A fuel produces carbon dioxide
(CO2) and water vapor (H20) as byproducts, along with other
compounds in smaller quantities.

3. Expansion: The high-pressure gases produced during
combustion expand rapidly. This expansion pushes against the
turbine blades, causing them to spin. In a turbojet engine, this
spinning motion is what ultimately generates thrust, propelling

the aircraft forward.

4. Exhaust: After the gases have expanded and done their work,
they exit the engine through the exhaust system. This is where
the remaining energy is expelled, and the cycle begins anew as

fresh air and fuel are drawn into the engine.

Factors Influencing Combustion

Several factors can influence the efficiency and effectiveness of
combustion in an aircraft engine:

= Fuel Quality: The type and quality of fuel used can significantly
impact combustion efficiency. For instance, Jet A-1 has a higher
energy density compared to other fuels, meaning it can produce
more energy per unit volume. This is particularly important for
long-haul flights, where maximizing fuel efficiency is crucial.

= Air-Fuel Ratio: The ratio of air to fuel in the combustion chamber
is vital. An optimal air-fuel ratio ensures complete combustion,
maximizing energy output while minimizing harmful emissions. In
aviation, this ratio is carefully controlled to maintain engine
performance and reduce environmental impact.



= Temperature and Pressure: The conditions under which
combustion occurs also play a significant role. Higher
temperatures and pressures can enhance the combustion
process, leading to more efficient energy production. This is why
jet engines are designed to operate at high altitudes, where the
air is thinner, allowing for better fuel atomization and combustion.

Real-World Example: The Boeing 737

To illustrate these concepts, let’'s consider the Boeing 737, one of
the most widely used commercial aircraft. The engines on a Boeing
737 utilize a high bypass turbofan design, which means that a large
volume of air bypasses the combustion chamber, providing
additional thrust. The combustion process in these engines is finely
tuned to ensure that the fuel burns efficiently, maximizing thrust
while minimizing fuel consumption and emissions.

The Pratt & Whitney engines used in some models of the 737 are
designed to operate optimally at cruising altitudes of around
35,000 feet. At this altitude, the air is less dense, which allows for a
more efficient combustion process. The engines are equipped with
advanced fuel management systems that monitor and adjust the
air-fuel ratio in real-time, ensuring optimal performance throughout
the flight.

The Importance of Combustion in Aviation

Understanding combustion is essential for anyone interested in
aviation, as it directly impacts engine performance, fuel efficiency,
and environmental considerations. As the aviation industry
continues to evolve, there is a growing emphasis on developing
more sustainable fuels and technologies that can reduce the
carbon footprint of air travel. Innovations such as biofuels and
electric propulsion systems are being explored to create a more



sustainable future for aviation.

In summary, combustion is the heart of an aircraft engine,
transforming fuel into the power needed for flight. By grasping the
science behind this process, we can appreciate the intricate
engineering that goes into making air travel possible. For those
interested in further exploring the topic, resources like NASA's
Glenn Research Center provide in-depth information on combustion
and its applications in aviation.

As we continue our journey through the workings of a plane engine,
we will next explore the role of aerodynamics and how it interacts
with the power generated by combustion.


https://www.nasa.gov/centers/glenn/home/index.html

Chapter 4: Engine
Performance Metrics:
Measuring Efficiency

and Thrust

When we talk about airplane engines, two critical performance
metrics come into play: efficiency and thrust. Understanding these
concepts is essential for grasping how engines power aircraft and
how they can be optimized for better performance. In this chapter,
we will delve into these metrics, using practical examples to
illustrate their significance.

Efficiency: The Art of Fuel Utilization

Efficiency in the context of airplane engines refers to how
effectively the engine converts fuel into useful work, primarily
thrust. This is often measured in terms of specific fuel consumption
(SFC), which is the amount of fuel needed to produce a certain
amount of thrust over a specific time period. For instance, if an
engine produces 1000 pounds of thrust and consumes 0.5 pounds
of fuel per hour, its SFC would be 0.5 pounds of fuel per hour per
1000 pounds of thrust.

To put this into perspective, consider two different types of
engines: a turbojet and a turbofan. Turbojets, which are often used
in military aircraft, tend to have higher SFC values compared to
turbofans, which are commonly found in commercial airliners. This



is because turbofans are designed to be more efficient at subsonic
speeds, utilizing a larger fan to produce thrust while consuming
less fuel. For example, the Boeing 737, equipped with turbofan
engines, can achieve an SFC of around 0.5 to 0.6, making it more
fuel-efficient for long-haul flights compared to a turbojet fighter jet,
which might have an SFC of 1.0 or higher.

Thrust: The Power Behind Flight

Thrust is the force that propels an aircraft forward, overcoming
drag and allowing it to ascend. It is generated by the engine's
combustion process, where fuel is burned to produce high-speed
exhaust gases that exit the engine. The amount of thrust produced
is crucial for an aircraft's performance, especially during takeoff
and climb.

Thrust can be measured in pounds or newtons, and it varies
depending on the engine's design and operating conditions. For
example, the Pratt & Whitney PW4000 turbofan engine can produce
up to 52,000 pounds of thrust, enabling large aircraft like the
Airbus A300 to carry heavy loads over long distances. In contrast,
smaller regional jets may use engines that produce around 15,000
to 20,000 pounds of thrust, sufficient for their operational needs.

The Thrust-to-Weight Ratio

One important concept related to thrust is the thrust-to-weight ratio
(TWR), which is the ratio of the thrust produced by the engine to
the weight of the aircraft. A higher TWR indicates better
performance, particularly during takeoff and climbing. For instance,
a fighter jet like the F-16 has a TWR greater than 1, meaning it can
produce more thrust than its weight, allowing it to perform
impressive maneuvers and climb rapidly.

In contrast, commercial airliners typically have a TWR of less than



1, as they are designed for efficiency rather than extreme
performance. For example, the Boeing 747 has a TWR of around
0.25, which is adequate for its operational profile, focusing on fuel
efficiency and passenger comfort rather than rapid ascents.

Practical Applications in Indonesia

In Indonesia, where the aviation industry is growing rapidly,
understanding engine performance metrics is vital for both
manufacturers and operators. For instance, airlines operating in the
archipelago must consider the efficiency of their engines to
minimize fuel costs, especially given the country's diverse
geography and varying flight distances.

Airlines like Garuda Indonesia and Lion Air are increasingly
investing in modern, fuel-efficient aircraft equipped with advanced
turbofan engines. These engines not only provide the necessary
thrust for takeoff and climbing but also ensure that the airlines can
operate sustainably in a competitive market.

Moreover, as Indonesia continues to develop its aviation
infrastructure, the emphasis on engine performance metrics will
play a crucial role in ensuring that new aircraft meet both
environmental standards and operational efficiency.

In summary, understanding engine performance metrics such as
efficiency and thrust is essential for anyone interested in aviation.
These concepts not only highlight the technical aspects of how
engines work but also underscore their practical implications in the
real world, particularly in a rapidly evolving aviation landscape like
Indonesia's.

For further reading on specific fuel consumption and thrust
calculations, you can explore resources on Wikipedia or NASA's
Glenn Research Center.


https://en.wikipedia.org/wiki/Specific_fuel_consumption
https://www.grc.nasa.gov/www/k-12/airplane/thrust.html

Chapter 5. Maintenance
and Safety: Ensuring
Reliable Engine
Operation

When it comes to aviation, the reliability of an aircraft engine is
paramount. The safety of passengers and crew hinges on the
engine's performance, making maintenance a critical aspect of
aviation operations. In this chapter, we will explore the various
maintenance practices and safety protocols that ensure the reliable
operation of plane engines, with a focus on practical examples
relevant to the aviation industry in Indonesia.

Understanding Engine Maintenance

Engine maintenance refers to the systematic process of inspecting,
servicing, and repairing aircraft engines to ensure they operate
efficiently and safely. This process is governed by strict regulations
set forth by aviation authorities, such as the Directorate General of
Civil Aviation (DGCA) in Indonesia. Regular maintenance checks are
categorized into different types, including:

1. Routine Maintenance: This includes daily inspections and
checks that pilots and ground crew perform before flights. For
instance, checking oil levels, fuel quality, and the condition of
engine components can prevent minor issues from escalating

into major problems.



2. Scheduled Maintenance: These are more comprehensive
checks that occur at predetermined intervals, such as every 100
flight hours or annually. For example, a turbofan engine might
undergo a detailed inspection of its turbine blades and
compressor sections to identify wear and tear.
3. Unscheduled Maintenance: This type of maintenance is
performed in response to unexpected issues, such as engine
malfunctions or warning lights. For instance, if an engine
experiences a sudden drop in performance, technicians will
conduct a thorough diagnostic to identify the root cause.

Safety Protocols in Engine Operation

Safety protocols are essential in aviation to mitigate risks
associated with engine failures. These protocols include:

= Pre-Flight Checks: Before every flight, pilots conduct a series of
checks to ensure the engine is functioning correctly. This includes
verifying that all gauges are within normal operating ranges and
that there are no unusual sounds or vibrations during engine
start-up.

= Engine Monitoring Systems: Modern aircraft are equipped with
sophisticated engine monitoring systems that provide real-time
data on engine performance. For example, the Engine Indication
and Crew Alerting System (EICAS) alerts pilots to any anomalies,
allowing for immediate corrective action.

= Training and Certification: Maintenance personnel must
undergo rigorous training and certification to ensure they are
qualified to perform engine maintenance. In Indonesia, this
includes adhering to the standards set by the DGCA, which
mandates ongoing education and training for aviation technicians.

Real-World Examples



In Indonesia, the maintenance of aircraft engines is particularly
crucial due to the diverse flying conditions, ranging from tropical
weather to volcanic ash clouds. For instance, the eruption of Mount
Sinabung in North Sumatra in 2014 posed significant challenges for
airlines operating in the region. Ash can severely damage engine
components, leading to potential failures. Airlines implemented
enhanced maintenance protocols, including more frequent
inspections and the use of specialized filters to protect engines
from ash ingestion.

Another example is the use of predictive maintenance
technologies, which leverage data analytics to forecast potential
engine issues before they occur. Airlines in Indonesia are
increasingly adopting these technologies to optimize maintenance
schedules and reduce downtime. By analyzing data from engine
sensors, technicians can identify patterns that indicate wear,
allowing for timely interventions.

The Role of Technology in Maintenance

Advancements in technology have revolutionized engine
maintenance practices. For instance, the use of drones for visual
inspections can significantly reduce the time and labor involved in
checking engine components. Drones equipped with high-resolution
cameras can quickly identify surface defects or corrosion, enabling
maintenance teams to address issues before they compromise
safety.

Moreover, the integration of artificial intelligence (Al) in
maintenance management systems allows for more efficient
scheduling and resource allocation. Al can analyze historical
maintenance data to predict when specific components are likely to
fail, helping airlines in Indonesia to maintain their fleets more
effectively.



Conclusion

In summary, the maintenance and safety of aircraft engines are
critical components of aviation operations. By adhering to rigorous
maintenance schedules, implementing safety protocols, and
leveraging technology, airlines can ensure the reliable operation of
their engines. This not only enhances passenger safety but also
contributes to the overall efficiency of air travel in Indonesia. As the
aviation industry continues to evolve, ongoing innovation in
maintenance practices will play a vital role in shaping the future of
air travel.

For more information on aviation maintenance practices, you can
explore resources from the International Civil Aviation Organization
(ICAO) and the DGCA Indonesia.


https://www.icao.int/
http://www.dephub.go.id/

Chapter 6: The Future
of Aviation Engines:
Innovations and
Sustainability

As we soar into the future of aviation, the engines that power our
aircraft are undergoing a remarkable transformation. This chapter
delves into the innovations shaping the next generation of aviation
engines, with a keen focus on sustainability—an increasingly vital
aspect of modern engineering. For readers in Indonesia, where the
aviation industry is growing rapidly, understanding these
advancements is crucial for both environmental stewardship and
economic development.

Innovations in Engine Technology

One of the most significant innovations in aviation engines is the
development of geared turbofans. Unlike traditional turbofan
engines, which have a direct connection between the fan and the
engine core, geared turbofans use a gearbox to optimize the speed
of the fan relative to the engine. This design allows for a larger fan
diameter, which improves fuel efficiency and reduces noise. For
instance, the Pratt & Whitney PW1000G engine, used in aircraft like
the Airbus A220, exemplifies this technology. It has been reported
to achieve up to 16% better fuel efficiency compared to older
engines, making it a game-changer in the industry.



Another exciting innovation is the use of additive manufacturing,
commonly known as 3D printing. This technology allows
manufacturers to create complex engine components with less
material waste and shorter production times. For example, General
Electric has successfully 3D printed fuel nozzles for its LEAP engine,
which powers the Boeing 737 MAX. This not only reduces costs but
also enhances performance by allowing for more intricate designs
that improve fuel atomization and combustion efficiency.

Sustainable Aviation Fuels (SAFs)

As the aviation industry grapples with its carbon footprint, the
introduction of Sustainable Aviation Fuels (SAFs) is a pivotal
step towards greener skies. SAFs are produced from renewable
resources, such as plant materials or waste oils, and can
significantly reduce greenhouse gas emissions compared to
traditional jet fuels. For instance, in 2021, Singapore Airlines
operated a flight using a blend of SAF and conventional jet fuel,
marking a significant milestone in the region's commitment to
sustainability.

In Indonesia, the government has been exploring the potential of
biofuels derived from palm oil, a major agricultural product in the
country. While this presents an opportunity for economic growth, it
also raises concerns about deforestation and biodiversity loss.
Therefore, it is essential to balance the benefits of SAF production
with environmental protection, ensuring that the fuels are sourced
sustainably.

Electric and Hybrid Engines

The future of aviation may also lie in electric and hybrid
propulsion systems. These technologies aim to reduce reliance
on fossil fuels and lower emissions. Companies like Ampaire and



Pipistrel are pioneering electric aircraft, demonstrating that
smaller planes can operate efficiently with electric engines. For
instance, Ampaire's Electric EEL, a modified Cessna 337,
successfully completed test flights, showcasing the potential for
electric propulsion in regional aviation.

Hybrid systems, which combine traditional engines with electric
motors, offer a transitional solution. They can reduce fuel
consumption and emissions while maintaining the performance
required for larger aircraft. The Airbus E-Fan X project, which
aimed to develop a hybrid-electric aircraft, illustrates the industry's
commitment to exploring these technologies, although it was
recently put on hold. Nevertheless, the research and development
in this area continue to inspire future innovations.

The Role of Artificial Intelligence

Artificial Intelligence (Al) is also making waves in aviation engine
technology. Al algorithms can analyze vast amounts of data from
engine performance, maintenance records, and environmental
conditions to optimize engine operation and predict failures before
they occur. This predictive maintenance approach not only
enhances safety but also reduces downtime and operational costs.
For instance, Rolls-Royce's IntelligentEngine initiative leverages
Al to provide real-time insights into engine performance, allowing
airlines to make data-driven decisions.

In Indonesia, where the aviation sector is expanding, the
integration of Al in engine management could lead to more efficient
operations and improved safety standards, aligning with global best
practices.

Conclusion

The future of aviation engines is bright, characterized by



innovations that prioritize efficiency and sustainability. As Indonesia
continues to develop its aviation industry, embracing these
advancements will be crucial for fostering economic growth while
protecting the environment. The journey towards greener skies is
not just a technological challenge; it is a collective responsibility
that involves governments, manufacturers, and consumers alike.
By understanding these innovations, we can all play a part in
shaping a sustainable future for aviation.

For more information on aviation technologies and sustainability,
you can explore resources like NASA's Sustainable Aviation Fuel
Program and the International Air Transport Association (IATA).


https://www.nasa.gov/aeroresearch/programs/aavp/sustainable-aviation-fuels
https://www.iata.org/en/policy/environment/sustainable-aviation-fuels/

